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Abstract
Background: Neurological diseases and postoperative/post injury states are often associated 
with gait disorders requiring long-term rehabilitation. Controlled walking with fully or 
partially unloaded body weight represents a safe solution for gait impairment, preventing 
falls and excessive loading of the weakened segment. 

Aim: The goal of this clinical trial is to evaluate and mutually compare the progress achieved 
during antigravity treadmill therapy in patients with various neurological conditions.

Methods: Fifty-six male and female participants recovering from neurological conditions 
experiencing gait impairment underwent six 20-minute treatment sessions scheduled 
two days apart. Treatment parameters such as speed, inclination and weight loading were 
reported during each session and their values were used for the calculation of the metabolic 
rate. The progress achieved between the first and the last treatment was evaluated.

Results: A significant increase in all therapy parameters was observed for all neurological 
indications. A comparison between-indication groups revealed a significant difference in 
metabolic rate, speed and inclination enhancement between postoperative/post injury 
states of the central nervous system, peripheral nervous system, and paresis after stroke.

Conclusion: Neurological patients with impaired gait experienced significant progress as part 
of an antigravity treadmill therapy exercise. Early integration of walking into rehabilitation 
programs promises an early return to home care and daily activities.
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Introduction
Neurological conditions are among the most common causes 

of disability. From the point of view of the years of life lived 
with a disability indicator, it is even among the top two most 
widespread. Stroke, cerebral palsy, Alzheimer’s disease, dementia 
and traumatic brain injuries are the most represented [1]. 

The clinical and social impact of disability is crucial and 
can severely affect a patient's autonomy. Patients with 
neurodegenerative diseases or after acute neurological 
conditions, including stroke and brain or spinal cord injuries can 
experience a progressive or long-term form of impairments [2]. 
These are often associated with immobility and gait disorders 
representing a large interference in patients’ daily activities [3] 

affecting about 60% of hospitalized neurological patients [4].

Neurological diseases and injuries can represent a directly 
life-threatening condition. In order to reduce patients’ mortality 
rate, a larger focus is brought on acute care than subsequent 
rehabilitation. Stroke reported the second highest mortality rate 
worldwide and most stroke survivors are experiencing disability 
in daily activities months after release into home care [2].

Depending on pathology and impairment, abnormal or reduced 
walking can be an indicator of disability or disease progression 
[3]. Predominant gait symptom is determined by the severity and 
extent of impaired segment or disease [4]. Parkinson’s disease is 
characterized by freezing of gait occurring in 38.2% of patients on 
medication while 32%-47% of stroke patients require supervision 
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recovering from  neurological diseases or injuries requiring 
neuromuscular re-education who were considered suitable for 
antigravity treadmill therapy were assigned. Pregnant, non-
cooperative, and those diagnosed with severe cardiovascular 
disease, bronchial asthma or angina pectoris, severe disc 
herniation, epilepsy and conditions where increased abdominal 
pressure is contraindicated were excluded. Prior to the 
beginning of the treatment program, participants were 
informed about the course of the study and existing safety 
precautions. They signed an agreement with study participation 
and possible results publication. The study was designed in 
accordance with the 1975 Declaration of Helsinki ethical 
guidelines adopted by the General Assembly of the World 
Medical Association (1997-2000) and by the Convention on 
Human Rights and Biomedicine of the Council of Europe (1997) 
[11]. All patients underwent a 20 min antigravity treadmill 
exercise program followed by conventional rehabilitation. The 
antigravity treadmill parameters (speed, inclination, weight 
loading) were gradually increased based on the health 
capabilities of each patient. The therapy program consisted of 6 
therapies scheduled 2 days apart (Figure 1). 

Prior to the beginning of every treatment session, the 
antigravity treadmill system has to be precisely set and calibrated. 
The patient puts on shorts equipped with a half zipper allowing 
a sealed attachment to the inflatable bag forming an air-tight 
enclosure surrounding both the lower half of the patient's body 
and the treadmill itself. Next, the system is calibrated based 
on the patient's weight and therapy parameters are set. Speed 
(min: -8 km/h, max: 25 km/h), inclination (min: 0%, max: 15%) 
and weight unloading (min: 0%, max: 100%) determine how 
demanding the therapy will be. Weight unloading is controlled 
via air pressure created inside the inflatable bag- the higher the 
pressure, the higher the upward force offloading the patient's 
weight. This enables incorporating walking and running with a 
decreased percentage of body weight even in the early stages 
of recovery when patients are prone to impaired gait and falls 
[12,13]. 

In order to estimate metabolic cost during partially weight-

due to increased risk of falls [4] and experience reduced mobility 
due to limited gait speed [5]. Spinal cord injury patients’ walking 
disability is due to lower limb paresis, increased spasticity, poor 
coordination and impaired postural control [6]. 

Restoration of locomotor function, capacity and speed is a high 
priority in integrating neurological patients into the community 
[4-6] and thus locomotor training promoting recovery of the 
central nervous system, muscle strength and spatiotemporal gait 
parameters should become an essential part of rehabilitation 
routine [6]. Walking exercise might become problematic in the 
case of neurological patients due to reduced balance and a high 
risk of falls and therefore a controlled weight-supported approach 
should be considered [4-6]. Antigravity treadmill training enables 
in-office walking or running exercise with partially unloaded body 
weight and enhanced safety preventing injuries caused by loss of 
balance and falls.

Clinical evidence describing the impact of antigravity treadmill 
exercises on patients recovering after neurological conditions is 
insufficient. Despite relatively satisfactory research on the effect 
on patients with Parkinson's disease, clinical evidence of its 
impact on other neurological diseases is lacking.

Miyai, et al., evaluated the immediate and long-term impact of 
treadmill training with body weight support in patients suffering 
from Parkinson’s disease [7,8]. Significantly greater improvement, 
when compared to conventional physiotherapy, has been 
reported. Similar results were concluded by Ganesan, et al., 
comparing standard gait training and partial weight-supported 
treadmill gait training with the control group [9]. Partial weight-
supported training was considered a better treatment alternative 
for gait and balance rehabilitation in patients with Parkinson’s 
disease. Significant improvement of freezing of gait in patients 
with Parkinson’s disease has been concluded by Baizabal-Carvallo, 
et al., [10]. Plummer, et al., reported a significant impact of body 
weight supported treadmill on gait speed in post-stroke patients. 
Furthermore improved balance and walked distance have been 
noted [5]. Improvement in standing balance after a body weight-
supported treadmill training program was also proved in patients 
with chronic spinal cord injury [6].

Basically, all studies focus specifically on one disease and the 
effect of therapy on parameters assessing the extent of health 
impairment. Research that would compare progress in antigravity 
treadmill therapy in patients with different indications is missing. 
The goal of this clinical trial is to evaluate and mutually compare 
progress achieved during antigravity treadmill therapy in patients 
with different neurological indications. Metabolic rate as a 
complex indicator of the therapy difficulty represents the primary 
outcome measure while remaining therapy parameters (speed, 
inclination and weight loading) will be evaluated as secondary 
outcomes. 

Materials and Methods
The current trial was conducted at the medical Spa Jánské 

Lázně between September 2022 and March 2023. Patients 
requiring recovery after surgery or with a progressive disease 
completed the program in order to improve movement abilities 
to  the  extent  of  enabling  discharge to home care. Participants 

Figure 1: Image illustrating the course of therapy with BTL 
antigravity treadmill. The photo is published with permission 
from BTL Industries Ltd.
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unloaded exercise the adjusted equation by Pandolf, et al., 
[14] was used. Walking speed (V), treadmill inclination (G) and
patient’s weight (W) lowered by the portion unloaded by the
antigravity treadmill (w) were considered in the calculation.
Terrain factor (η) was determined to be 1.0 for the treadmill
surface and as patients had no additional load, carried load (L)
equaled 0.

The secondary outcome measure comprises speed, inclination 
and weight loading parameters evaluation during the course 
of the study. Outcomes were reported during each treatment 
session, and a final assessment and comparison were prepared 
from data obtained during the first and the last exercise. 

As, for the need of antigravity treadmill therapy, an adjusted 
metabolic rate equation was used, an estimate of sample size 
from previously published papers would be inaccurate. Hence 
parameter speed has been used instead. Based on existing 
clinical evidence evaluating gait speed in neurologic patients it 
was estimated that at least eight patients in each indication group 
would give 80% power to detect a significant (p<0.05) difference 
between the groups. 

Data processing for statistical and visualization purposes 
was performed using a custom-written script (MatLab R2010b, 
Mathworks, Inc., Narick, MA, USA). Outcome measure data were 
evaluated for normality by the Shapiro-Wilk test. Non-parametric 
Wilcoxon sign rank test was used for the evaluation of statistical 
significance as normal data distribution has been rejected. 

The between-group comparison was performed by the Mann-
Whitney U test. Data were expressed as median with Interquartile 
Range (IQR) and P<0.05 was considered significant.

Results
A total of 56 neurological patients, aged 60.55 ± 11.62, were 

assigned. Twenty-two participants were recovering after injury or 
surgery of the Central Nervous System (CNS) or Peripheral Nervous 
System (PNS), aged 52.57 ± 10.43, 13 were post-stroke patients, 
aged 67.31 ± 7.60 and the remaining 21 had other neurological 
conditions (Parkinson’s disease, neuromuscular disease, 
inflammation of CNS, infantile cerebral palsy, polyneuropathy 
or radicular syndromes), aged 64.18 ± 10.56. The study was 
generally well tolerated with no adverse events reported.

Metabolic rate

Before and after metabolic rate values with respective statistical 
significance for individual neurological conditions and their 
between-indication group comparison is summarized in Table 1.

All indications groups reported statistically significant 
enhancement of metabolic rate during the trial. Post-
stroke patients gained the least progress while patients in 
postoperative/post injury states of CNS and PNS showed the 
highest improvement of all indications groups. Between-group 
comparisons confirmed a significant difference in after-data 
between the postoperative/post injury states of CNS and PNS and 
post-stroke patients. A mutual comparison of initial data was left 
with no statistical significance.

No of patients Wilcoxon P (0.05) Metabolic rate before Metabolic rate after Improvement

Neurological conditions 56 <0.001 54.49 (20.49) 104.69 (54.21) 92%

Postoperative/
postinjury states of CNS 

and PNS
22 <0.001 47.96 (16.43) 130.52 (80.48) 172%

Paresis after stroke 13 <0.001 54.22 (16.47) 84.47 (48.40) 56%

Other 21 <0.001 57.16 (24.93) 97.52 (39.83) 71%

Between-indication 
group Mann-Whitney 

P (0.05)

Postoperative/postinjury states of CNS and PNS 
vs Paresis after stroke 0.697 0.006

Postoperative/postinjury states of CNS and PNS 
vs Other 0.096 0.061

Paresis after stroke vs Other 0.167 0.120

Table 1: Metabolic rate values in W obtained during the first (before) and the last (after) treatment as Median (IQR). Statistical analysis comparing 
before and after (Wilcoxon) and between-indication group values is included (Mann-Whitney). Statistical tests reaching P<0.05 were considered 
significant.

Figure 2 focuses on between groups data distribution and 
displays an increase in metabolic rate for all indication groups 
achieved between the first and the last treatment session. The 
significant difference between post-stroke patients and those 
recovering after surgery or injury of CNS and PNS is remarkable. 
Figure 3 visualizes differences achieved during the treatment 

program. There was only a single patient who did not gain any 
improvement.

Before and after speed values with respective statistical 
significance for individual neurological conditions and their 
between-indication group comparison is summarized in Table 2.
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All indications groups reported statistically significant 
enhancement of speed during the trial. Patients recovering after 
surgery or injury of CNS and PNS made the biggest progress while 

post-stroke patients were left with minimal improvement. This 
was confirmed by Mann-Whitney test which revealed statistical 
significance in mutual after data comparison.

Figure 2: Box plots representing before and after metabolic rate data distribution among different 
indication groups.

Figure 3: Data obtained during the first treatment session (before) plotted against data recorded 
during the last session (after). The linear middle line represents participants with no difference’ 
while dots above the line mean increased and below the line decreased metabolic rate during 
the course of the study.

No of patients Wilcoxon P (0.05) Speed before Speed after Improvement

Neurological conditions 56 <0.001 1.20 (0.70) 2.00 (1.05) 67%

Postoperative/postinjury states of CNS and PNS 22 <0.001 1.20 (1.00) 2.90 (1.00) 142%

Paresis after stroke 13 0.009 1.20 (0.40) 1.40 (0.60) 17%

Other 21 <0.001 1.1 (0.70) 1.75 (0.88) 59%

Table 2: Speed values in km/h obtained during the first (before) and the last (after) treatment session represented as Median (IQR). Statistical analysis 
comparing before and after (Wilcoxon) and between-indication group values are included (Mann-Whitney). Statistical tests reaching P<0.05 were 
considered significant.
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Figure 4 focuses on between groups data distribution and 
displays an increase in speed for all indication groups achieved 
between the first and the last treatment session. Significantly 

bigger progress achieved by postoperative/post injury of CNS and 
PNS patients are visible. A total of 7 patients did not experience 
any progress in terms of speed. Most of them were post-stroke 
patients (Figure 5).

Between-indication group Mann-Whitney P 
(0.05)

Postoperative/postinjury states of CNS 
and PNS vs Paresis after stroke 0.129 <0.001

Postoperative/postinjury states of CNS 
and PNS vs Other 0.358 0.041

Paresis after stroke vs Other 0.335 0.003

Inclination
Before and after inclination values with respective statistical 

significance for individual neurological conditions and their 
between-indication group comparison is summarized in Table 3.

All indications groups reported statistically significant 

enhancement of inclination during the trial. A difference of 
statistical significance was found between after data of post-
stroke patients and remaining indications groups as visualized in 
between-groups data distribution (Figure 6).

Six patients did not experience any change during the course of 
the study (Figure 7).

Figure 4: Box plots representing before and after speed data distribution among different indications 
groups.

Figure 5: Data obtained during the first treatment session (before) plotted against data recorded during 
the last session (after). The linear middle line represents participants with no difference’ while dots 
above the line mean increased and below the line decreased speed during the course of the study.
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No of patients Wilcoxon P (0.05) Inclination before Inclination after Improvement

Neurological conditions 56 <0.001 0.00 (3.00) 5.00 (4.00) NA

Postoperative/
postinjury states of CNS 

and PNS
22 <0.001 0.00 (3.00) 6.00 (7.00) NA

Paresis after stroke 13 0.014 0.00 (0.00) 3.00 (3.00) NA

Other 21 0.008 0.00 (3.75) 5.00 (1.75) NA

Between-indication 
group Mann-Whitney 

P (0.05)

Postoperative/postinjury states of CNS and PNS 
vs Paresis after stroke 0.191 0.03

Postoperative/postinjury states of CNS and PNS 
vs Other 0.851 0.391

Paresis after stroke vs Other 0.124 0.021

Table 3: Inclination values in % obtained during the first (before) and the last (after) treatment session represented as Median (IQR). Statistical 
analysis comparing before and after (Wilcoxon) and between-indication group values are included (Mann-Whitney). Statistical tests reaching P<0.05 
were considered significant.

Figure 6: Box plots representing before and after inclination data distribution among different 
indication groups.

Figure 7: Data obtained during the first treatment session (before) plotted against data 
recorded during the last session (after). The linear middle line represents participants 
with no difference’ while dots above the line mean increased and below the line 
decreased inclination during the course of the study.
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Weight loading
Before and after weight loading values with respective statistical 

significance for individual neurological conditions and their 
between-indication group comparison is summarized in Table 4.

All indications groups reported statistically significant 

enhancement of weight loading during the trial. No significant 
difference was revealed by mutual between-indication group 
comparison as displayed in Figure 8 via indications groups data 
distribution visualization.

Five patients, the majority with other indications, were left 
with no improvement in the weight loading parameter (Figure 
9).

Figure 8: Box plots representing before and after weight loading data distribution among 
different indication groups.

Figure 9: Data obtained during the first treatment session (before) plotted against data 
recorded during the last session (after). The linear middle line represents participants with 
no difference’ while dots above the line mean increased and below the line decreased weight 
loading during the course of the study.

No of patients Wilcoxon P (0.05) Weight loading before Weight loading after Improvement

Neurological conditions 56 <0.001 47.50 (10.00) 52.50 (11.25) 10%

Postoperative/postinjury states of 
CNS and PNS 22 <0.001 45.00 (15.00) 50.00 (10.00) 11%

Paresis after stroke 13 0.014 50.00 (10.00) 60.00 (10.00) 20%

Other 21 0.003 50.00 (10.00) 50.00 (13.75) 0%

Between-indication group Mann-
Whitney P (0.05)

Postoperative/postinjury states of CNS 
and PNS vs Paresis after stroke 0.349 0.492

Postoperative/postinjury states of CNS 
and PNS vs Other 0.528 0.899

Paresis after stroke vs Other 0.682 0.621

Table 4: Weight loading values in % obtained during the first (before) and the last (after) treatment session represented as Median (IQR). Statistical 
analysis comparing before and after (Wilcoxon) and between-indication group values are included (Mann-Whitney). Statistical tests reaching P<0.05 
were considered significant
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Discussion
This is the first trial monitoring achieved progress during 

antigravity treadmill exercise in neurological patients of various 
indications. The research took place in a spa facility for patients 
requiring recovery after surgery or with progressive disease. The 
main goal of the program was to improve movement abilities to 
the extent of allowing discharge to home care. For this reason, 
patients were included in the early recovery stage and their 
condition did not allow them full weight loading during the course 
of the study. Hence, the locomotion enhancement was achieved 
mainly through increasing the remaining therapy parameters 
(speed, inclination).

A significant difference was reported in all therapy parameters 
including speed, inclination, weight loading and metabolic rate 
calculated by adjusted Pandolf, et al., equation [14]. This is in 
accordance with Plummer et al., who proved a significant impact 
of weight-supported treadmill therapy on gait speed in post-
stroke patients [5]. Remaining studies involving neurological 
patients focused rather on parameters assessing the extent of 
health impairment than therapy progress [6-10]. However, it 
can be assumed that the improvement in a patient's disability is 
closely related to the progress achieved during the exercise. Thus 
current findings could be considered as expected as the beneficial 
impact of an antigravity treadmill was proved by existing clinical 
evidence in patients with Parkinson’s disease [7-10], spinal cord 
injury and post-stroke patients [5,6]. 

Mutual between-indication group comparisons revealed 
significant differences between post-stroke patients and 
patients in postoperative/post injury states of CNS and PNS in 
metabolic rate, speed and inclination. There are several possible 
explanations. Probably the simplest reason is the significant 
age difference between the patients of both groups. While the 
average age of patients recovering after surgery or injury of CNS 
and PNS was 52.57 years of age, post-stroke patients were more 
than two decades older with an average age of 67.31. According 
to the existing clinical evidence, this age difference corresponds 
to population incidence as the mean age of post-stroke patients 
was 69.2 [15] and 83% of patients with peripheral nerve injury 
were under 55 years old [16]. Aging leads to a decrease in 
walking performance in terms of speed and the number of steps 
[17] and thus, treatment progress is limited. This assumption is 
consistent with the paper of Scivoletto, et al., describing a strong 
relationship between a patient's age and ability to walk after a 
spinal cord injury [18].

Another possible explanation of the significant between-
indications groups comparison is based on the difference 
between the recovery of a central and peripheral nerve injury. 
Unlike axons located in the central nervous system, peripheral 
nervous system axons readily regenerate enabling spontaneous 
recovery after peripheral nerve damage [19]. However, due to 
slow regeneration and misdirected reinnervation of motor axons, 
the functional outcomes even after peripheral nerve injury 
remain insufficient. English, et al., findings suggest a striking 
increase in peripheral nerve axon regeneration after a treadmill 
training program in terms of both speed and proper reinnervation 

[20]. On the contrary, a stroke represents serious damage to the 
CNS, and recovery of the disease in survivors is a lengthy process 
with slow progress, especially in terms of speed [5-21]. Limited 
improvement in gait speed during the rehabilitation process 
in post-stroke patients has been confirmed by multiple studies 
[21,22]. The indication group including patients with peripheral 
nervous system injury achieved the highest improvement while 
post-stroke patients reported the lowest enhancement in speed, 
inclination, and subsequently in metabolic rate.

The major limitation of the current trial is the low number of 
participants with certain indications. Due to this fact, the group 
“other” consists of patients with various neurological conditions, 
which significantly invalidates the recorded data and practically 
makes it impossible to draw any conclusions about this group. 
Other limitations include a missing control group for a better 
assessment of achieved progress, lack of parameters determining 
healing of impaired segments or disease progression and absence 
of follow-up. Instead of calculating metabolic rate from available 
therapeutic parameters, measurement tools providing more 
accurate outcomes could be used. Though, for the purpose of 
mutual comparison of indications groups, the estimated relative 
value is absolutely sufficient. Despite these shortcomings, the 
study can be considered beneficial as it is the first to compare the 
progress achieved during antigravity treadmill therapy in patients 
with different neurological indications. In the future, it would be 
appropriate to expand this study with other neurological diseases 
such as Parkinson's disease, multiple sclerosis, polyneuropathy, 
CNS inflammation and others.

Conclusion
Neurological patients with a gait impairment experienced 

significant progress as part of an antigravity treadmill therapy 
exercise. Although patients among all indication groups achieved 
significant results, a mutual data comparison revealed that 
participants after CNS and PNS injury/surgery experienced faster 
recovery than post-stroke patients. Early incorporation of walking 
into rehabilitation program promises a fast return to home 
care and daily activities in patients with various neurological 
conditions.
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