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Abstract
Background: Gait disorders accompanied by significant
between-limb asymmetry are common in neurological
patients and increase the risk of accidental falls and physical
disability. If the asymmetry is not sufficiently reduced early
in the rehabilitation process, the impact of compensatory
mechanisms may lead to its worsening and subsequent
difficult and ineffective treatment in the later phase of
rehabilitation.

Methods: Four patients with various neurological conditions
(neuromuscular disease, post-stroke paresis, radicular
syndrome and PNS injury) completed a treatment program
combining ten sessions of body-weight supported treadmill
therapy and conventional physiotherapy. Gait parameters
and symmetry indexes were measured and evaluated at the
baseline, during every other session and their development
was mutually compared.

Results: After ten sessions, the patient with radicular
syndrome had an almost symmetrical gait across all
monitored parameters. Similarly, almost complete gait
symmetry restoration was observed in a patient with
neuromuscular disease. Slight gait asymmetry persisted in
the post-stroke patient, but within the acceptable range for
all gait parameters. The patient after the PNS injury showed
an asymmetry outside the acceptable range, but only in the
swing time and the swing/stance time ratio.

Conclusions: The study confirmed the potential of body-
weight supported treadmill therapy in restoring gait
symmetry in patients with various neurological conditions.
This treatment approach holds the promise of effective gait
retraining regardless of the origin and nature of the
neurological impairment.

Keywords: R-Force; Antigravity treadmill; Post-stroke
paresis; Neuromuscular disease; PNS injury; Radicular
syndrome; Symmetry index; Gait parameters

Introduction
Neurological disorders constitute 12% of total deaths globally, 

6.3% of the global burden of disease and contribute to 92 
million disability-adjusted life years [1]. The patient perceives 
the loss or reduction of mobility as the biggest limitation in their 
daily activities [2]. Gait impairment is a common disability in 
neurological patients, increasing their risk of falling and loss of 
independence in daily activities [3]. Various neurological 
conditions are accompanied by specific gait pathologies -
weakness, spasticity, loss of proprioception and coordination, 
pain and other impairments can contribute to the disturbance of 
the patient's walking [2]. If during walking differences in the 
bilateral behavior of the lower extremities occur, gait symmetry 
has been disturbed, causing decreased gait velocity, balance and 
bone mineral density in the paretic limb and increased 
metabolic cost. Thus, the main goal of rehabilitation care should 
be to design an appropriate treatment plan that will lead to 
partial or complete restoration of gait symmetry [4]. If the 
asymmetry is not sufficiently reduced early in the rehabilitation 
process, the impact of compensatory mechanisms may lead to 
its worsening and subsequent difficult and ineffective treatment 
in the later phase of rehabilitation [5].

Due to the different nature of individual neurological 
disorders and the origin and manifestation of their gait 
asymmetry, the use of a uniform rehabilitation approach can be 
challenging. For some indications, pharmacological treatment 
and deep brain stimulation are used to improve walking 
kinematics, but they have not shown a positive effect on walking 
asymmetry [4]. In patients who develop a pathological gait 
accompanied by asymmetry due to compression of the spinal 
root in the intervertebral space, invasive surgery can contribute 
to the restoration of gait symmetry [6]. Similarly, most 
Peripheral Nervous System (PNS) and Central Nervous System 
(CNS) injuries are accompanied by surgery and subsequent 
rehabilitation care [7]. A properly designed exercise and walking 
protocol has proven effective in restoring symmetry in patients 
with Parkinson's disease and in patients recovering from stroke 
and spinal cord injury [8-11]. Clinical evidence evaluating gait 
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symmetry and its restoration during the rehabilitation of 
neurological patients is insufficient and practically non-existent 
for most indications. Nevertheless, it can be assumed that with a 
properly designed gait retraining protocol, it is possible to 
achieve positive changes in walking symmetry across various 
neurological indications.

The main obstacle in incorporating walking training into the 
treatment program of neurological patients in the early 
rehabilitation phase is their impaired balance and subsequent 
increased risk of falling. The muscles are usually weak and 
unable to withstand the patient's entire body weight. Body-
Weight Supported Treadmill Therapy (BWSTT) is practically the 
only option for these patients to start gait retraining. This 
approach allows the provision of full or partial body-weight 
support to the patient, thus preventing the risk of overloading 
and falling. Body weight support reduces the need for 
compensation in the case of painful conditions (e.g. radicular 
syndromes or PNS injury) and thus accelerates the restoration of 
walking symmetry. The positive effect of BWSTT has already 
been demonstrated in neurological patients with various 
indications, in post-stroke survivors, patients with Parkinson's 
disease, cerebral palsy and those after spinal cord injury [12-20]. 
The benefit in the restoration of walking symmetry was 
demonstrated only in post-stroke patients [9,10].

The aim of this case series study is to demonstrate and 
mutually compare the impact of BWSTT in patients with different 
neurological conditions on symmetry restoration of various gait 
parameters - stance time, step length, step time, swing time, 
swing/stance time ratio and weight bearing proportion. Due to 
its scope, the research does not aim to draw general conclusions, 
but rather to explore the possibilities of BWSTT in a neurological 
population.

Materials and Methods
Patients recovering from a neurological disorder as part of a 

routine treatment program provided in a rehabilitation facility 
underwent 10 sessions of BWSTT followed by conventional 
physiotherapy. The main condition for admission was a gait 
asymmetry exceeding 10% in terms of the calculated symmetry 
index for at least 3 examined gait parameters and a unique 
neurological indication within the treated patient group. Patients 
were subsequently assessed for BWSTT eligibility and those 
found to have contraindications - severe cardiovascular disease, 
bronchial asthma, angina pectoris, disc herniation, pregnancy, 
epilepsy, or any conditions with increased abdominal pressure - 
were excluded from the study. The study design followed 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) [21]. Before starting the 
treatment program, all participants were informed about its 
course and possible results publication and confirmed their 
interest by signing an informed consent.

   The therapy was performed with BWSTT technology operating 
on the principle of positive pressure (BTL Industries Ltd.). The 
patient's weight is completely or partially "lightened" during the 
therapy, enabling gait retraining without the risk of excessive 
load on the lower limbs. Before starting the exercise, the patient 
is integrated into an inflatable bag surrounding the treadmill by 
means of a zipper located in the shorts he has already put on. 
The system is then calibrated to the patient's weight and the bag 
is inflated with positive pressure. The lower half of the patient's 
body is part of the inflated bag, which prevents falls and injuries. 
The operator can change treadmill inclination in the range of 
0-15%, speed in the range of -8 km/h to 25 km/h and body-
weight support in the range of 0-100% before and during each
therapy. It is assumed that the patient will notice at least
minimal progress in the set parameters during the treatment
program.

Gait parameters - stance time, step length, step time, swing 
time and weight loading proportion - were automatically recorded 
at the baseline screening and during every other session for both 
limbs using load cells integrated within the treadmill. For the 
purpose of evaluating the reduction of gait asymmetry, the 
swing/stance time ratio was added to these parameters and the 
Symmetry Index (SI) was calculated for all obtained values using 
the formula [22]:

PR refers to the value of the gait parameter measured on the 
right limb or, in patients who have a clearly defined affected 
side, on the affected limb. Similarly, PL corresponds to the gait 
parameter value measured on the left or unaffected limb. For 
the purpose of evaluating gait asymmetry, the SI level of 10%was 
chosen as the limit-gait parameters reaching an SI value below 
this level were evaluated as acceptable, while parameters 
exceeding this value were evaluated as unacceptable. An SI value 
equal to 0% corresponds to complete symmetry and a value of 
100% to total asymmetry.

Data processing and graphical evaluation was performed in a 
custom-written script (MatLab R2010b, Mathworks, Inc., Narick, 
MA, USA).

Results
Four patients with different neurological conditions were 

recruited and completed the entire treatment program. Positive 
progress was noted in all of them in terms of acceptance of 
therapy and reduction of asymmetry. Patients' demographics 
and indications are summarized in Table 1.
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Neuromuscular
disease

Post-stroke
paresis

Radicular
syndrome

PNS injury

Gender M W W M

Age 32 69 41 39

Affected limb NA R L L

Speed (km/h) Initial value 1.8 1.8 1 2

Final value 2 1.8 1.5 3

Inclination (level) Initial value 0 1 0 0

Final value 0 2 0.5 1

Weight support (%) Initial value 50 50 50 50

Final value 50 21 12 50

During the baseline BWSTT, patients reported a comparable
degree of asymmetry across measured parameters. While the
post-stroke patient showed the greatest asymmetry, the patient
with radicular syndrome recorded the smallest asymmetry. The
patient with the smallest degree of pre-asymmetry also
experienced the greatest improvement. After ten sessions, the
patient with radicular syndrome had an almost symmetrical gait
across all monitored parameters. Similarly, almost complete gait
symmetry restoration was observed in a patient with
neuromuscular disease after the end of the study course. Slight
gait asymmetry persisted in the post-stroke patient, but within
the acceptable range for all gait parameters. The patient after
the PNS injury showed an asymmetry outside the acceptable
range, but only in the swing time and therefore also the swing/
stance time ratio.

Stance time
Unacceptable stance time asymmetry recorded during the

baseline BWSTT screening in all patients reached below the level
of unacceptability in the course of subsequent sessions, down to
the level of 4% SI for all indications. Due to the resulting SI value
of around 1% in patients with radicular syndrome and
neuromuscular disease, almost complete symmetry restoration
can be stated. Interestingly, while in the post-stroke patient and
the patient after PNS injury the stance time value was higher in
the affected limb, in the patient with radicular syndrome it was
in favor of the unaffected limb. During individual sessions, there
was a gradual decrease in the symmetry index across all
indications. Only in the patient with neuromuscular disease was
the somewhat dynamic development accompanied by two value
fluctuations between the fourth and eighth session (Figure 1).

Step length
The step length parameter reached an unacceptable level only 

in patients after PNS injury and neuromuscular disease. For the 
other two indications, the pre-value was within the limits of 
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Table 1: Patients’ demographics.

Figure 1: Horizontal bar graphs allow you to monitor the 
detailed development of the between-limb difference for 
individual indications. The lower curves of the symmetry 
index offer a mutual comparison of asymmetry 
development during individual sessions.



acceptability. The patient with radicular syndrome achieved full 
symmetry restoration after only 3 sessions, the other patients 
reached below 6% SI asymmetry after 10 therapies. In all 
patients with a unilateral disorder, the unaffected limb made a 
longer step length than the affected limb. The largest absolute 
decrease in the symmetry index during the therapy course was 
experienced by a patient with a neuromuscular disease (Figure 
2).

Step time
All but one patient showed a step time asymmetry exceeding 

the SI level of 20% during the baseline screening. In a patient 
suffering from radicular syndrome, an acceptable SI value of 6%
was measured, which was reduced to only 0.5% during 10 
sessions, indicating almost complete symmetry restoration. 
Neuromuscular and PNS injury patients reached an acceptable 
degree of asymmetry through therapy, namely 7.5% and 4.9%, 
respectively. The post-stroke patient remained the only patient 
who, despite a significant decrease, did not fall below the 10%
level of acceptability. Similar to stance time, the patient with 
radicular syndrome showed the opposite trend between 
affected and unaffected limb than post-stroke and PNS injury 

Swing time
From the point of view of swing time, the degree of gait 

asymmetry during the baseline screening reached an 
unacceptable level in all patients, by more than 22%. The largest 
asymmetry, almost 50%, was shown by the post-stroke patient, 
who, surprisingly, gained almost complete symmetry restoration 
during the BWSTT program. Neuromuscular disease and 
radicular syndrome patient got below 4% asymmetry with gait 
retraining, PNS injury patient did see a significant 

signi icant

 decrease, but 
did not reach the 10% level of acceptability. While in PNS injury 
and post-stroke patients a longer swing time was measured for 
the unaffected limb, the trend was opposite in the radicular 
syndrome patient (Figure 4).
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patients. For those, a longer step time was measured on the 
unaffected limb, whereas the radicular syndrome patient spent a 
longer step time on the affected limb (Figure 3).

Figure 2: A comparison of the development of gait 
parameters for individual indications is shown on 
horizontal bar graphs. The detailed progression of gait 
symmetry is visualized by the lower curve graph.

Figure 3: The top four graphs are used to display the 
development of the step time parameter for both limbs 
in individual patients. The development of the symmetry 
index during the treatment course is shown in the lower 
curve graph.
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Swing/Stance time ratio
Baseline Swing/Stance time ratio recorded the largest 

between-limb difference in the post-stroke patient. Also, 
patients with neuromuscular disease and radicular syndrome 
showed a significant asymmetry exceeding 90%. All of these 
participants reached below 4% swing/stance time SI after 10 
sessions, despite large baseline asymmetry. Asymmetry in a 
patient after a PNS injury was reduced from 56.8% to 16.4%
during the treatment program and was the only one that did not 
reach the level of acceptability (Figure 5).

Weight-bearing proportion
Two of the four patients experienced complete symmetry 

restoration in terms of weight bearing proportion during the gait 
retraining program-both the patient with neuromuscular disease 
and the radicular syndrome patient. The post-stroke patient 
went from the initial 20% asymmetry to below 2% and reported 
the greatest absolute decrease. The patient after a PNS injury did 
not notice any change in absolute value of gait asymmetry-the 
value of the symmetry index fluctuated during the study course, 
but eventually reached the initial 4% level. Interestingly, greater 
weight bearing gradually shifted from the unaffected limb to the 
affected limb. In the other patients, this transformation was not 
so pronounced; the weight was mainly borne by the unaffected 
limb (Figure 6).
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Figure 4: Comparison of swing time between both limbs 
across individual indications is offered by the top four 
horizontal bar graphs. The resulting symmetry index of 
the same parameter and its development during the 
treatment program is shown on the lower curve graph.

Figure 5: The swing/stance time ratio for both limbs for 
individual indications is visualized on horizontal bar 
graphs, while the development of gait symmetry is 
expressed through the symmetry index on the lower 
curve graph.
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Discussion
The current case series study outlined the potential of BWSTT 

in restoring gait symmetry in patients with various neurological 
conditions. Despite the different nature of the disability in the 
individual indications, remarkable progress was observed in all 
patients. This is a very promising finding not only from the point 
of view of postoperative care, but also from the point of view of 
long-term neurological rehabilitation. Improving gait parameters 
and their asymmetry can bring patients the desired 
independence in daily activities without fear of falling, 
overloading or injury. The extent of improvement during a 
treatment program consisting of only 10 sessions can also be 
positively perceived. Two of the four patients achieved almost 
complete restoration of symmetry across all monitored gait 
parameters. Three-quarters of the patients fell below the 
acceptable limit of asymmetry in all parameters, and only one 
patient preserved asymmetry exceeding this limit, but only in 
the swing time and swing/stance time ratio parameters. This 
rapid improvement suggests enormous potential in the 
treatment and research of BWSTT.

To explain the effect of BWSTT in restoring symmetry in 
patients with various neurological conditions, it is necessary to 
outline the principle of the therapy itself, but also the origin of 
the gait asymmetry of the given condition. The most significant 
improvement was noted in patients with radicular syndrome and 
neuromuscular disease. In radicular syndrome, radiating pain 
during walking is considered to be the main cause of gait

pathology and asymmetry, while in neuromuscular disease, the
source of the between-limb difference is primarily muscle
weakness [23,24]. Both symptoms make walking uncomfortable
or impossible, not only during everyday life, but also during a
routine overground gait retraining program. Partial or full body-
weight support during gait retraining enables adaptation to the
correct walking cycle in the first weeks of rehabilitation without
the risk of overloading weakened muscles, but also without the
need for compensatory activities due to pain. The patient is thus
able to practice the correct gait pattern and, with gradually
decreasing body-weight support, also to the load of his own
weight.

A similar principle works for post-stroke patients to facilitate
their neuromotor recovery. BWSTT therapy is commonly used as
a task-specific intervention inducing gait recovery with a
restored symmetrical pattern [25]. In addition, the system
reduces the risk of falling, which is quite high in patients with
impaired balance, who are mostly of an older age, as is the case
with the post-stroke patient in the present research. PNS injury
recovery is the most complex in terms of healing and gait
restoration. It depends on the severity of the impairment and
the extent of the necessary reinnervation, but satisfactory
functional recovery is not always possible [26]. This may explain
the findings of the present study, in which a patient recovering
from a PNS injury, as the only preserved asymmetry of an
unacceptable extent.

The scope and focus of the research is not intended to prove
the effectiveness of BWSTT for various neurological indications,
but only to outline the potential of this advanced technology in
the treatment of neurological patients. A larger sample size,
ideally supplemented by a control group allowing mutual results
comparison, would be required to evaluate BWSTT
effectiveness. Future trials could also focus on comparing the
improvement of asymmetry and gait impairment between
cohorts of patients with different neurological diseases. It could
bring a new perspective on the functional recovery of patients
after conditions affecting the CNS or PNS.

Conclusion
The current study presents a unique research comparing the

effect of body-weight supported treadmill therapy on the
detailed development of gait symmetry in neurological patients.
A positive effect on walking parameters and their between-limb
symmetry was confirmed in all patients, regardless of the nature
of their neurological disability. Ten exercise sessions enabled
almost complete gait symmetry restoration in patients with
radicular syndrome and neuromuscular disease. Slight gait
asymmetry persisted in the post-stroke patient and the patient
after peripheral nervous system, but in both patients an
improvement was noted across all monitored gait parameters.

Although the present study represents only small-scale
research, the results confirmed the potential of body-weight
supported treadmill therapy in restoring gait symmetry in
patients with various neurological conditions. The principle and
operation of this treatment approach holds the promise of
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Figure 6: The ratio of weight load for both limbs and its 
development during the treatment program for 
individual indications is visualized on horizontal bar 
graphs, while a comparison of the development of 
walking symmetry is shown on the bottom curve graph.
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effective gait retraining regardless of the origin and nature of the
neurological impairment.
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