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Introduction

Neurological disorders are a major cause of long-term disability, 
with up to 60% of patients experiencing mobility impairments due to 
gait and balance dysfunction. Loss of independent walking is one of 
the most serious consequences, driven by muscle weakness, limited 
joint mobility, and poor coordination, leading to asymmetry and 
instability [1-3].

The most common neurological etiologies associated with gait 
impairment include stroke, cerebral palsy (CP), spinal cord injury 
(SCI), multiple sclerosis (MS), and Parkinson’s disease [2,4]. Stroke 
remains the most prevalent, affecting over 100 million people globally, 
with more than 80% of survivors experiencing gait limitations [5,4]. 
CP, although congenital, presents persistent motor symptoms into 
adulthood, with 25–58% of adults reporting a progressive decline in 
mobility [5]. SCI affects approximately 15 million people worldwide 
[4]. The severity of gait impairment and the potential for recovery 
depend on the type and extent of the lesion. More than half of SCI 
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Abstract

Background: Neurological conditions are among the leading causes of long-term disability, with gait and balance impairments affecting up to 60% of 
patients and significantly limiting their mobility. Conventional gait therapies often lack the intensity required to promote neuroplasticity, are physically 
demanding for the therapist, and often require the presence of more than one qualified professional. Robot-assisted gait training (RAGT) presents a 
viable alternative, addressing these limitations by enabling high-volume, consistent rehabilitation.

Objective: This study aims to evaluate the efficacy of a novel end-effector RAGT system in adult patients with gait impairments resulting from 
neurological disorders of various etiologies. The primary objective is to quantify gait improvements using key spatiotemporal parameters and to explore 
potential differences in rehabilitation outcomes across diagnostic subgroups.

Material and Methods: Twenty-eight adult neurological patients with gait impairments were recruited from two rehabilitation centers and classified 
into three groups based on the etiology of their condition. Each patient underwent 12 sessions of end-effector-based RAGT. Gait improvements were 
evaluated by comparing step count, walked distance, and cadence between the first and final therapy sessions.

Results: Statistically significant improvements were observed across all gait parameters and diagnostic groups. The greatest relative gains were seen in 
patients with cerebrovascular disorders, while the smallest improvements were noted in those with spinal cord-related neuropathies. On average, step 
count increased by approximately 45%, walked distance by 59%, and cadence by 48%.

Conclusion: The end-effector-based RAGT system demonstrated a significant positive effect on gait improvement in adults with various neurological 
conditions, reflecting the heterogeneity typically encountered in routine physiotherapy practice. These findings suggest that this technology may serve as 
a viable alternative to conventional gait training offering the advantages of high-intensity repetitive therapy that can be delivered in a safe environment 
even in the early stages of neurological recovery.
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cases are incomplete, where some level of walking recovery is possible, 
unlike in complete injuries, where the chance of regaining ambulation is 
minimal [6]. In MS and Parkinson’s disease, gait impairments typically 
develop gradually due to the progressive nature of these disorders [2].

Beyond motor dysfunction, gait impairment significantly affects 
patients’ psychosocial and physical health. It is associated with 
increased rates of depression, anxiety, reduced social participation, 
lower health-related quality of life and higher unemployment rates [7]. 
In conditions such as stroke and SCI, limited mobility also reduces 
physical activity, negatively affecting modifiable cardiovascular risk 
factors. Up to 60% of stroke survivors present with comorbidities like 
hypertension, coronary artery disease, diabetes, or obesity. Individuals 
with SCI are nearly three times more likely to develop cardiovascular 
disease compared to age-matched healthy controls [8]. Finally, gait 
disturbances are a major risk factor for falls across all these conditions, 
often leading to additional complications, hospitalizations, and further 
decline in independence [9].
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Conventional gait therapies, such as overground training and 
body-weight-supported treadmill training (BWSTT), are widely 
used in neurorehabilitation; however, their application is limited 
by several factors [10-12]. These include an insufficient number of 
step repetitions to promote neuroplasticity, high physical demands 
on therapists, frequent involvement of multiple physiotherapists 
simultaneously, and an increased risk of patient falls, which can 
reduce both safety and therapeutic intensity [13-15]. For example, in 
the study by Duncan et al., which examined the effects of BWSTT in 
stroke patients, falls were the most commonly reported adverse event, 
occurring in over 40% of participants [13].

Robotic-assisted gait training (RAGT) has emerged as a promising 
intervention that overcomes key limitations of conventional gait 
therapies. By enabling high-intensity, repetitive, and task-specific 
training, RAGT promotes motor recovery through principles of 
neuroplasticity [16]. Two main types of RAGT systems exist: end-
effector and exoskeleton-based devices. While exoskeletons provide 
joint-specific guidance and support, end-effector systems guide the 
movement of the distal segments (typically the feet), promoting a 
more physiological gait pattern and often allowing for greater step 
repetition, which may enhance training intensity and motor recovery 
[7,15]. Its efficacy has been demonstrated across various neurological 
conditions, including spinal cord injury, stroke, multiple sclerosis, 
and Parkinson’s disease [9,11,17-19], with some studies showing 
superior effectiveness compared to conventional therapies [9,17,18]. 
The majority of studies investigating RAGT systems primarily focus 
on specific neurological diagnoses. Research involving heterogeneous 
patient groups is notably limited. Within the context of end-effector 
RAGT, only a singular study addresses feasibility, with effectiveness 
being assessed as a secondary outcome [7].

This study aims to evaluate the efficacy of a novel end-effector 
RAGT system in adult patients with gait impairments resulting from 
neurological disorders of various etiologies. The primary objective is 
to quantify improvements in key spatiotemporal parameters including 
gait cadence, walking distance and step count, and to explore potential 
differences in rehabilitation outcomes across diagnostic subgroups.

Material and Methods

This multicenter prospective interventional study was conducted 
between February 2024 and April 2025 at two rehabilitation centers, 
one located in Austria and the other in the Czech Republic. A total 
of 30 neurological patients were enrolled and received end-effector 
RAGT therapy as part of their rehabilitation program.

Eligible participants were adults (aged 18 or older) with gait 
impairments resulting from neurological conditions, including both 
diseases and injuries, who were medically stable and capable of 
participating in active rehabilitation. All participants had sufficient 
cognitive and physical capacity to engage in robotic gait training and 
were selected for therapy by a healthcare professional.

Exclusion criteria included conditions contraindicating RAGT, 
such as major joint contractures, unhealed fractures, osteoporosis or 
osteopenia, severe cardiovascular disease, epilepsy, open wounds in 
the device contact area, acute infections, cognitive or psychological 

impairments preventing safe or effective participation in therapy, or 
any acute medical condition that could compromise therapy safety.

Before participation, all patients received detailed information 
about the therapy and its possible outcomes, and voluntarily signed 
an informed consent form. Anonymity was maintained by assigning 
each patient a unique identification number. The study adhered to 
the ethical principles of the 1975 Declaration of Helsinki and relevant 
guidelines (Council of Europe, 1997; WMA, 1997–2000).

Each participant completed 12 gait training sessions using the end-
effector-based RAGT system (R-Gait, BTL Industries Ltd.). Sessions 
were administered at a minimum frequency of three times per week, 
with each session lasting 30 minutes. At the start of each session, 
a trained therapist carefully positioned the patient and securely 
fitted them into the harness and footplates, allowing unrestricted 
movement of the lower limbs and pelvis. Therapy parameters such 
as a gait cadence, step length, and weight support were personalized 
to the patient’s abilities and adjusted as needed during the session. 
A dynamic support system continuously adjusted body weight 
unloading in synchronization with the gait cycle to promote a natural 
walking pattern. The footplates simulated key walking phases, while 
integrated sensors monitored foot activity and weight support levels. 
The device automatically recorded therapy progress, including key 
walking parameters.

Gait parameters, specifically the number of steps, distance walked 
(in meters), and walking cadence (steps per minute), were evaluated. 
These parameters were recorded by a device during therapy sessions 
and automatically saved. Data from the first and last therapy sessions 
were compared. Subsequent data analysis was performed using a 
custom script in MATLAB (MatLab R2010b, MathWorks, Inc., Natick, 
MA, USA). The normality of the data was assessed using the Shapiro-
Wilk test. As the data did not meet the assumption of normality, a 
Wilcoxon signed-rank test was performed to determine the statistical 
significance of differences between the initial and final therapy 
sessions.

Results

A total of 30 patients participated in the study, with a mean age 
of 46 ± 18.64 years. Two patients did not complete the full course 
of treatment due to health complications unrelated to the therapy 
being investigated. Overall, the therapy was well tolerated, and no 
serious adverse effects were observed, aside from common muscle 
fatigue. Patients were categorized into three groups based on the 
etiology of their neurological condition: cerebrovascular disorders, 
neurodevelopmental disorders, and spinal cord-related neuropathies. 
Detailed information about the patients is presented in Table 1.

Indication group Total number Gender male/female Age, mean (SD)

Cerebrovascular disorders 8 2/6 60.25 (17.9)

Neurodevelopmental disorder 10 4/6 32.2 (12.35)

Spinal cord-related neuropathies 10 6/4 49.1 (15.45)

Total 28 12/16 46.25 (18.64)

Table 1: Participant demographics and the distribution of study indications.
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Across all evaluated parameters (steps walked, walking distance, 
and walking cadence) statistically significant improvements were 
observed in each diagnostic group (see Table 2). On average, patients 
demonstrated an increase of approximately 45% in the number of 
steps, 59% in walking distance, and 48% in walking cadence (all p< 
0.001). The most pronounced relative improvements were recorded in 
the cerebrovascular disorder group, whereas the spinal cord–related 
neuropathy group exhibited the smallest, though still statistically 
significant, gains. These within-group distributions and changes 
are detailed in the box plots shown in Figures 1-3. Notably, walked 
distance showed the greatest average improvement across all groups. 
The percentage-improvement bar chart (Figure 4) further illustrates 
these relative changes, facilitating direct comparisons between 
diagnostic categories.

Discussion
This study aimed to assess the benefits of end-effector-based 

RAGT in adults with diverse neurological diagnoses by monitoring 
gait parameters, including step count, walking cadence, and distance 
covered. Furthermore, the study explores potential patterns and 
differences in rehabilitation potential across distinct neurological 
etiologies. To the best of the author’s knowledge, this is the first study 
primarily focusing on the impact of an end-effector-based RAGT 
system on gait parameters in such a heterogeneous patient population, 
as most previous research has been limited to single-diagnosis cohorts.

Following 12 RAGT sessions, a statistically significant 
improvement in gait parameters was observed across all diagnostic 
groups. The greatest relative gains were noted in patients with 

Parameter Indication Before After Difference (%) P-value

Walked steps

Cerebrovascular disorders 1040.00 ± 301.85 1606.50 ± 454.63 54.47 0.014

Neurodevelopmental disorder 935.00 ± 328.39 1368.00 ± 379.68 46.31 0.004

Spinal cord-related neuropathies 1071.00 ± 425.36 1450.00 ± 468.10 35.39 0.009

Total 1015.33 ± 351.86 1474.83 ± 434.14 45.26 < 0.001

Walked distance (m)

Cerebrovascular disorders 390.65 ± 158.66 664.50 ± 173.03 70.10 0.014

Neurodevelopmental disorder 349.50 ± 171.34 548.20 ± 260.46 56.85 0.004

Spinal cord-related neuropathies 561.00 ± 142.86 850.00 ± 170.90 51.52 0.009

Total 433.72 ± 157.62 687.66 ± 201.46 58.53 < 0.001

Cadence (steps/min)

Cerebrovascular disorders 32.89 ± 7.51 52.27 ± 4.65 58.95 0.014

Neurodevelopmental disorder 32.13 ± 10.10 48.53 ± 11.98 51.04 0.004

Spinal cord-related neuropathies 38.13 ± 11.78 51.43 ± 10.37 34.88 0.009

Total 34.38 ± 9.79 50.74 ± 9.00 47.59 < 0.001

Table 2: Mean (±SD) values for walked steps, distance, and cadence measured during the first and last therapy sessions across diagnostic groups. Percentage differences represent relative change.

Figure 1: Distribution of steps walked during the first (Before) and last (After) therapy sessions across three diagnostic groups. Each boxplot shows the median, interquartile range, and any 
outliers.
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Figure 2: Distribution of walked distance values (m) during the first (Before) and last (After) therapy sessions across three diagnostic groups. Each boxplot shows the median, interquartile 
range, and potential outliers.

Figure 3: Distribution of walking cadence values (steps/min) during the first (Before) and last (After) therapy sessions across three diagnostic groups. Each boxplot shows the median, 
interquartile range, and any outliers.

cerebrovascular disorders, followed by those with neurodevelopmental 
conditions. Although patients with spinal cord-related neuropathies 
demonstrated the lowest magnitude of improvement, their outcomes 
remained statistically significant. For comparison, a previous study by 
Hotz et al. also examined the effects of end-effector-based RAGT in 
patients with various neurological disorders, although gait outcomes 
were only reported as secondary endpoints. Clinically meaningful 

improvements (≥20%) in walking speed and distance were observed 
in a subset of participants. The limited overall effect may be due to 
the inclusion of conditions with low rehabilitation potential, such as 
motor neuron disease [7].

Interpreted within the context of individual diagnostic groups, 
indicate that despite fewer sessions and a relatively shorter therapy 
duration, our results fall within the range of improvements observed 
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in previously published studies. RAGT outcomes in both stroke 
and spinal cord injury (SCI) cohorts exhibit significant variability, 
influenced by the recovery phase, specific therapy protocol, and the 
type of robotic system employed.

For stroke patients in the acute and subacute phases, typical 
10MWT improvements range from 20% to 60%, with 6MWT distance 
gains often greater [40–85%), sometimes involving up to 36 sessions 
[18,21,22]. In the chronic phase, outcomes tend to be more limited. For 
instance, Aprile et al. reported a 21% increase in walking speed and a 
25% improvement in distance [23]. Even smaller effects were observed 
by Kelly C.P. et al., with minimal changes in 10MWT and only a 7% 
gain in 6MWT using an exoskeleton-based RAGT device [24].

Similarly, in SCI, studies report a range of outcomes: Varoqui et 
al. noted a modest 14% increase in walking speed with no significant 
6MWT improvement after 12 sessions [25], while Chang et al. 
observed a 23% gain in speed and a 34% increase in distance after 
15 sessions [26]. Conversely, Wirz et al. demonstrated substantial 
improvements exceeding 50% in both parameters after 36 sessions 
[27]. Beyond the significant differences in the number of sessions, this 
variability in SCI outcomes may also be attributed to the extent and 
location of the injury [28].

Research on RAGT in adult cerebral palsy (CP) patients is limited, 
with most studies focusing on pediatric populations. The findings 
of this study, however, are consistent with studies utilizing the same 
RAGT device in pediatric patients [29]. A potential explanation for 
this alignment is the relatively low mean age [(32.2 ± 12.35 years) 
of the CP cohort, suggesting a population with greater neuroplastic 
potential and functional adaptability compared to older adults, which 
may have positively influenced their training response despite typical 
concerns about limited adaptability in adult CP populations.

In addition, studies have demonstrated that RAGT is more 
effective than conventional gait therapy, particularly in individuals 
with moderate to severe motor impairments [9,17,18,21,23]. Beyond 
the core principles of RAGT, such as high-intensity, repetitive, 
and precisely guided gait training that drives neuroplasticity, a key 
advantage is the possibility to start rehabilitation early, even in the 
acute phase after injury. This is especially important in cases like 
stroke, where the greatest potential for recovery occurs within the 
first three months [14,18]. End-effector devices in particular offer 
several advantages, including a more physiological gait pattern, 
increased freedom of movement, and a more demanding postural 
environment, as users are required to actively maintain balance. These 
characteristics may contribute to findings from some studies showing 
that end-effector systems lead to better performance in functional 
tests and higher rates of independent walking compared to, especially, 
stationary exoskeleton-based systems [7,15,18,22].

The experimental outcomes of the present study align with the 
theoretical recovery potential inherent to each condition targeted by 
RAGT. Post-stroke patients, particularly in the acute and subacute 
phases, demonstrate the greatest potential for gait restoration. 
This is primarily due to preserved spinal cord function and the 
brain’s robust capacity for neuroplastic reorganization, where new 
neural connections are formed and existing ones strengthened 
following injury. Furthermore, RAGT actively stimulates central 
pattern generators (CPGs) in the spinal cord, which control the 
basic rhythmic patterns of walking, and may also activate dormant 
but viable motor units, thereby facilitating improved motor output 
and functional recovery [30,31]. In contrast, patients with spinal 
cord–related neuropathies may exhibit a lower recovery potential. 
Damage to spinal pathways directly disrupts crucial brain–body 
communication and impairs CPG function. This, combined with the 

Figure 4: Percentage improvement in walked steps, walked distance, and walking cadence across diagnostic groups following the intervention, including the overall mean across all groups.
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spinal cord’s inherently limited plasticity and the frequent presence 
of severe structural lesions, further constrains functional recovery. 
Consequently, improvements in this group tend to be smaller and 
slower [28,32,33].

This study has several limitations that should be considered. The 
lack of a control group prevents direct comparison with conventional 
therapy and limits conclusions about the specific effects of RAGT. The 
small sample size in each subgroup reduces statistical power, while 
the high heterogeneity of the participants complicates interpretation. 
Important clinical variables such as lesion extent, time since injury, and 
baseline functional status (e.g. FAC score) were not clearly defined or 
stratified, which may have introduced confounding factors. Moreover, 
the study would benefit from the inclusion of objective functional 
assessments or patient-reported outcome measures to better capture 
the impact of RAGT on daily functioning and quality of life.

Despite the mentioned limitations, particularly the small sample 
size and high heterogeneity within groups, the study demonstrated 
a positive effect of the novel end-effector based RAGT system on 
walking ability in patients with various neurological conditions, 
reflecting the complexity of real-world rehabilitation populations. 
Moreover, the results suggested a potential correlation between the 
type of neurological impairment and the capacity for gait recovery 
with RAGT.

Conclusion
The study demonstrated statistically significant improvements 

in gait parameters, specifically step count (an average increase of 
45%), walking distance [(59%), and walking cadence (48%) in 
adults with various neurological conditions. The best results were 
observed in patients with cerebrovascular disorders, while the lowest 
improvements occurred in those with spinal cord-related neuropathies. 
These findings confirm the positive impact of the end-effector RAGT 
system across a wide spectrum of neurological diagnoses, reflecting 
the heterogeneity encountered in everyday clinical practice and 
indicating the potential of this technology as an effective alternative 
to conventional therapies, which often require significant personnel 
resources and may have limited efficacy.
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