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Impact of End-Effector Device on Gait Restoration in Children Suffering 
from Neurological Disorders
Martin Malovec*

Abstract
Background: Gait disorders in children with neurological conditions 
significantly impact their independence and quality of life. Traditional 
rehabilitation methods have several limitations, highlighting the need 
for innovative solutions. Robotic-assisted gait training appears to be a 
promising approach for improving gait difficulties in this population.

Objective: This study aims to evaluate the effectiveness of a novel end-
effector type of robot-assisted gait training system in addressing gait 
difficulties in pediatric patients with neurological disorders.

Material and methods: Twenty-five patients with gait-related neurological 
disorders underwent 10 therapy sessions (each lasting 30 minutes) using 
an end-effector RAGT device in conjunction with conventional therapy. 
Gait parameters, including the number of steps, distance walked, and 
speed, were compared based on data collected during the first and last 
therapy sessions.

Results: Statistically significant improvements were observed in all 
assessed parameters for both patient groups, with an average increase of 
approximately 48% in the number of steps, 63% in distance walked, and 
39% in walking speed. The differences between the groups were minimal, 
with slightly better outcomes noted in the CP group.

Conclusion: Following therapy with the end-effector-based RAGT 
system, all assessed parameters showed notable improvements in both 
patient groups, indicating its positive impact on gait ability across various 
pediatric neurological conditions.
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Introduction
Although many neurological disorders affect overall independence, 

gait disorders are a significant concern in pediatric neurology, presenting 
considerable challenges in management and rehabilitation [1]. For healthy 
children, walking is a natural and effortless activity, but for those with gait 
disorders, it can be a major obstacle. These disabilities hinder the ability 
to perform daily activities independently, affecting physical and social 
development, mental health, and overall quality of life [2].

Gait disorders in the pediatric population can arise from a myriad of 
neurological conditions, including several genetic disorders, spina bifida 
(SB), cerebral palsy (CP), as well as brain and spinal cord injuries [3]. The 
most common genetic disorders affecting the ability to walk in children 
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include Duchenne Muscular Dystrophy and Charcot-Marie-
Tooth disease, however, similar symptoms can also be seen 
in some rarer conditions such as Angelman syndrome or 
Rett syndrome. Although the incidence of SB has decreased 
over the years due to folic acid supplementation and active 
screening during pregnancy, the current prevalence is still 
about 1 in 1,000 live births in Europe [4]. Myelomeningocele, 
where the spinal cord extends through a partially closed spine, 
accounts for 80–90% of all SP cases and is the most common 
and severe form [5]. This condition often leads to muscle 
weakness or paralysis in the lower extremities, significantly 
impairing gait and mobility [6].

CP represents the most common and costly motor 
disability of childhood, with an overall prevalence worldwide 
of 2–3 per 1,000 live births, and a 50 times higher prevalence 
among neonatal survivors weighing less than 1500 grams at 
birth [7,8]. The estimated lifetime cost for a patient with CP 
in the USA and Europe exceeds $900,000 [9]. CP refers to a 
group of permanent, non-progressive neurological disorders 
caused by damage to the developing brain, typically occurring 
in the prenatal, perinatal, or early postnatal stages [10]. It 
stems from varied etiologies affecting different brain regions, 
resulting in diverse clinical presentations. Despite known 
risk factors like preterm birth, infections, and asphyxia, 
approximately 80% of cases are idiopathic [11]. All children 
diagnosed with CP face challenges in gross motor function, 
with the majority presenting significant gait and balance 
impairments. Consequently, it is estimated that one out of 
every three children with CP is non-ambulatory [12,13]. Gait 
disorders in individuals with CP are complex, arising from 
primary issues like muscle spasticity and weakness, along 
with secondary problems such as contractures and bony 
deformities [14]. Approximately 80% of children with CP 
experience spasticity, with spastic diplegia being the most 
common subtype, affecting 32% of patients and primarily 
impacting the lower limbs [11,15].

Treatment of gait disorders in children with neurological 
conditions often requires a multidisciplinary approach, 
tailored to the child's specific needs. Common interventions 
include orthopedic surgery, pharmacological treatments (e.g., 
botulinum toxin for spasticity management in CP), physical 
therapy, and the use of orthotics. Physical therapy aims 
to address structural and functional impairments through 
exercises like stretching and strengthening and enhances 
neuroplasticity with task-specific training to improve 
gait speed, endurance, stability, and motor skills [16-18]. 
Traditional body weight support treadmill training (BWSTT) 
is a task-specific approach that has proven safe and effective 
for gait therapy in children with neurological disorders. 
This method enables controlled and repetitive practice of 
walking patterns, with weight support making it suitable 
even for patients with more severe motor impairments 

[19,20]. However, BWSTT has limitations, including the 
need for significant therapist involvement (sometimes 
requiring two therapists), variability in movement patterns, 
and limited real-time feedback on performance [21-23].

To address the limitations of traditional BWSTT, 
robot-assisted gait training (RAGT) devices have been 
developed. These devices offer high-intensity, consistent, and 
reproducible interactive training, enabling precise control over 
leg movement during walking. RAGT devices generally fall 
into two categories: exoskeletons and end-effector systems. 
Exoskeletons are designed to align with the patient's anatomical 
axes, providing direct joint control. In contrast, end-effector 
systems primarily engage the patient's lower limb at the most 
distal segment, typically via footplates. This allows for free 
movement of the hip and knee joints, facilitating greater 
patient involvement in walking training [24]. Compared to 
established indications for conditions like stroke and spinal 
cord injury, which predominantly focus on adult patients, the 
use of these devices for pediatric patients with neurological 
disorders is relatively new and evolving [25]. The majority of 
studies conducted thus far have concentrated on examining 
the benefits of exoskeletons, primarily in patients with CP, 
while there is a noticeable lack of research investigating 
the effects of end-effector devices in this field [26,27]. The 
findings from existing studies on children with CP indicate a 
favorable impact of the end-effector device on various gait-
related parameters, including locomotion function, balance 
parameters, gait speed, and step length [28-31]. Regarding 
studies focusing on neurological disorders in children other 
than CP, the evidence is even more limited, with almost 
no studies available, particularly on the use of end-effector 
devices. While the current evidence is encouraging, ongoing 
research is crucial to provide a comprehensive understanding 
of the role of end-effector therapy in the treatment 
of neurological gait disorders in children.

The objective of the present study is to evaluate the 
effectiveness of a new end-effector type of RAGT device 
in children diagnosed with various neurological conditions 
experiencing walking impairments. The primary aim is to 
assess the impact of the therapy on gait parameters, including 
a number of steps, distance walked, and walking speed.

Material and Methods
The study was conducted at RehaZentrum Malovec, a 

private neurorehabilitation center situated in Bisamberg, 
Austria, spanning from November 2023 to July 2024. A total 
of 25 pediatric patients diagnosed with various neurological 
gait disorders received treatment utilizing an end-effector-
based robotic device. The primary inclusion criteria for 
participation were a diagnosed neurological condition with 
compromised ability to walk, an age range of 3 to 17 years, 
height> 80 cm, and the ability to follow the study protocols.
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The exclusion criteria for the study included the presence 
of any of the following contraindications: contractures 
in the large joints, unhealed fractures, reduced bone 
density (osteoporosis, osteopenia), severe cardiovascular 
diseases, open wounds or skin lesions in the treatment area, 
severe disc herniation, colostomy bags, acute thrombosis, 
osteomyelitis, pregnancy, or epilepsy. Furthermore, patients 
with any medical condition preventing participation in 
active gait training, such as respiratory diseases, orthopedic 
conditions, cognitive deficits affecting communication, 
neuropsychological disorders, infections, or inflammatory 
disorders, were also excluded.

Before providing written informed consent, the legal 
representatives of all participants received comprehensive 
information about the treatment regimen, possible risks, and 
results. The consent form included an agreement regarding 
participation and potential publication of results [19]. The 
treatment program was compatible 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).

Each patient meeting the inclusion criteria participated 
in 10 therapy sessions using an end-effector-based gait 
rehabilitation robotic device (R-Gait, BTL Industries Ltd.). 
The sessions were conducted at least three times a week, with 
each session lasting 30 minutes. RAGT was combined with 
the standard rehabilitation program used at the facility. The 
robotic device is designed for re-education in neurological 
patients to walk in a more physiological gait pattern. The 
primary therapeutic principle involves allowing unrestricted 
movement of the lower extremities and pelvis in all three 
anatomical planes. During the session, the patient wears 
a harness connected to an unweighting system capable of 
offloading up to 100% of the patient's weight, see Figure 
1. The system dynamically adjusts the offloading based on
the phase of the gait cycle. Additionally, it aids in patient
transfer onto the device and provides support until the patient
is correctly positioned, with feet secured in the footplates.
These footplates simulate the stance and swing phases of the
gait cycle through movement. Each footplate is equipped with
8 load cells, which, along with a sensor in the unweighting
system, monitor the activity of the right and left foot and
measure the percentage of the patient's weight supported by
the unweighting system. Patient motivation can be enhanced
by incorporating a gaming environment into the therapy.
The level of weight support, step length, and speed during
therapy are adjusted according to the individual condition and
capabilities of each patient.

The device automatically collected data on the number of 
steps, distance walked, and average step speed. The values 
for the initial and final therapy sessions were subsequently 

compared as indicators of improvement in the quality of 
walking in patients.

For the statistical analysis, the normality of the data 
distribution was first evaluated using the Shapiro-Wilk test. 
Upon confirming that the data followed a normal distribution, 
a paired t-test was conducted to determine the statistical 
significance of the differences between the initial and final 
therapy sessions. A significance threshold of p < 0.05 was 
applied, meaning that any result with a p-value below 0.05 
was considered statistically significant.

Results
Patient characteristic 

The study included a total of 25 pediatric patients, 
with an overall average age of 10.6 ± 3.74 years and a 
gender distribution of 16 males and 9 females. All patients 
successfully completed the entire course of treatment without 
any adverse events. The patients were divided into two 
groups: the first group comprised 14 children diagnosed with 
CP, while the second group, referred to as "Others," included 
11 children with a range of conditions such as SB, genetic 
disorders, developmental disorders, and other neurological 
conditions. The distribution of individual indications and 
patient demographics is shown in Table 1.

Gait parameters
All observed parameters demonstrated improvements 

when comparing measurements taken during the first and 
final therapy sessions. Statistically significant differences 
were detected across all measured gait parameters in both 
study groups. A summary of these values is presented in 
Table 2.

Figure 1: Photo of one of the patients during ongoing therapy on 
a robotic gait rehabilitation device (R-Gait, BTL Industries Ltd.).
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Following the course of treatment, both groups 
demonstrated a statistically significant increase in the number 
of steps, with an overall improvement of 47.80% (p < 0.001). 
Patients with CP showed a 49.29% improvement (p < 0.001), 
which was slightly greater than that observed in the 'Others' 
group. A detailed comparison of pre-and post-treatment 
values is shown in Figure 2. Improvement in a number of 
steps was noted in nearly all patients, except for one who 
experienced mild deterioration, as illustrated in Figure 3.

A statistically significant improvement in the distance 
walked was observed for both patient groups. The most 
notable improvement was seen in patients with a diagnosis of 
CP, who demonstrated an almost 65% increase (p < 0.001). 
Patients in the "Others" group showed a 60.31% improvement 
(p = 0.001), as illustrated in Figure 4. The overall improvement 
for both groups combined was 62.91% (p < 0.001). Out of 25 
patients, 23 (92%) showed improvement, while one patient 
from each group experienced slight deterioration in walked 
distance after the treatment program (see Figure 5).

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

Cerebral palsy 14 9/5 10.86 (3.65)

Others 11 7/4 10.27 (3.67)

Developmental disorders 2 2/0 12 (2.18)

Genetic disorders 3 2/1 8 (3.82)

Other neurological conditions 3 2/1 8.33 (3.62)

Spina bifida 3 1/2 13.33 (3.60)

Total 25 16/9 10.6 (3.74)

Table 1: Demographics and distributions of indications in study participations.

Parameter Indication Before After Difference (%) P-value

Walked steps

CP 1082.57 ± 317.29 1616.21 ± 356.75 49.29 < 0,001

Others 967.09 ± 275.87 1408.81 ± 326.93 45.68 0.002

Total 1031.76 ± 312.01 1524.96 ± 352.87 47.8 < 0,001

Walked distance (m)

CP 383.79 ± 122.60 632.12 ± 210.88 64.71 < 0,001

Others 339.76 ± 112.45 544.69 ± 197.54 60.31 0.001

Total 364.42 ± 121.81 593.65 ± 206.80 62.91 < 0,001

Speed (steps/min)

CP 40.01 ± 10.38 55.32 ± 11.99 38.26 < 0,001

Others 34.89 ± 9.18 48.52 ± 10.89 39.06 0.003

Total 37.76 ± 10.19 52.33 ± 11.81 38.58 < 0,001

Table 2: Average gait parameter values obtained during the first (before) and last therapy (after) for each group, categorized by indication.

Figure 2: Graphical representation of walked steps values obtained 
during the first (before) and last therapy (after) sessions for both 
patient groups.

 Figure 3: A graph illustrating outcomes in a number of steps of 
individual patients in both groups. A linear threshold line is used to 
separate the graph into regions indicating patients with improvement 
(dots above the line) and those with deterioration (dots below the line).
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A statistically significant increase in walking speed 
was observed across all indications, reflecting a 38.58% 
improvement (p<0.001). The recorded difference in the 
average increase in walking speed between the groups was 
minimal (see Figure 6). Only one patient in the CP group did 
not show positive progress following the course of treatment. 
The remaining 24 patients exhibited an increase in walking 
speed of varying degrees (Figure 7).

Discussion
The objective of this study was to evaluate the efficacy 

of a novel end-effector device for gait rehabilitation in 
children with various neurological disorders. The progress 
of participants was assessed using gait parameters recorded 
directly by the device during each therapy session. To the 
best of the author’s knowledge, this is the first study to date 
that includes children with gait impairments resulting from 
a range of neurological conditions, as previous research on 
end-effector devices has predominantly focused on children 
with CP.

Following 10 therapy sessions, the results demonstrated 
statistically significant improvements across all evaluated 
parameters. Specifically, there was an average increase of 
approximately 48% in the number of steps, 63% in distance 
walked, and 39% in walking speed. The differences in 
improvements between the first and final sessions were 
minimal across the groups, with slightly superior outcomes 
observed in the CP group.

The positive effects of RAGT can be attributed to several 
factors. One key aspect is its impact on neuroplasticity in 
the brain and spinal cord. Due to its design, RAGT allows 
for higher intensities and longer durations of repetitive 
gait training while maintaining a physiological walking 
pattern, which provides an ideal stimulus for creating lasting 
structural and functional changes in the CNS [32,33]. A 
study by Perpetuini et al. [34] demonstrated that RAGT 
induces modifications in the motor and prefrontal cortices, 
thereby enhancing motor control and attention in children 
with CP during therapy. This highlights the essential role 
of neuroplasticity in the recovery process for these patients. 
In addition, CNS exhibits a high degree of plasticity during 
the early stages of development, making early rehabilitation 
in children essential for maximizing its effectiveness [34]. 

 Figure 4: Graphical representation of walked distance values 
obtained during the first (before) and last therapy (after) sessions for 
both patient groups.

Figure 7: A graph illustrating outcomes in speed of individual 
patients in both groups. A linear threshold line is used to separate 
the graph into regions indicating patients with improvement (dots 
above the line) and those with deterioration (dots below the line)

Figure 5: A graph illustrating outcomes in walked distance of 
individual patients in both groups. A linear threshold line is used to 
separate the graph into regions indicating patients with improvement 
(dots above the line) and those with deterioration (dots below the 
line).

Figure 6: Graphical representation of walking speed values obtained 
during the first (before) and last therapy (after) sessions for both 
patient groups.



Malovec M., Arch Clin Biomed Res 2024 
DOI:10.26502/acbr.50170419

Citation: Martin Malovec. Impact of End-Effector Device on Gait Restoration in Children Suffering from Neurological Disorders. Archives of 
Clinical and Biomedical Research. 8 (2024): 371-378.

Volume 8 • Issue 6 376 

Automatic data collection provided by some RAGT devices, 
including the technology used in this study, enables detailed 
analysis and progress tracking, allowing for adjustments 
to therapeutic interventions to achieve optimal outcomes. 
Moreover, actively engaging patients, combined with the 
increased motivation fostered by incorporating games into 
therapy, can further enhance its overall effectiveness [35,36].

Most prior research on the impact of RAGT for gait 
rehabilitation in children with neurological disorders has 
focused primarily on CP. A significant proportion of these 
studies used exoskeleton devices [26,27,37,38], with fewer 
employing end-effector systems [28-31]. The evidence 
suggests that RAGT positively affects gait parameters, overall 
mobility, and gross motor skills in pediatric CP patients, 
which aligns with the findings of the current study. However, 
the studies differ in the extent of achieved results, which 
may be attributed to various factors, such as differences in 
protocols or the severity of patients's conditions. Smaina et 
al. [29] investigated an end-effector device in 18 children 
with CP, reporting a 9% increase in gait speed and a 23% 
increase in walking distance after 10 sessions. Hwang et al. 
[28] observed a 17% improvement in gait speed following
24 sessions. Variability in outcomes for exoskeleton devices
is noted, with Meyer-Heim et al. [37] showing a 16.6%
increase in gait speed and a 13.1% increase in distance after
20 sessions, while Ma et al. [38] reported improvements of
37% and 48% in speed and distance, respectively, after 40
sessions. There is a very limited number of studies involving
pediatric patients with various neurological conditions and all
of them utilize exoskeletons. In the study by Beretta et al. [39]
comprising patients with CP and acquired brain injury (ABI),
a 21.5% improvement after 20 therapy sessions in walking
distance was noted, with better outcomes in the ABI group.
Similarly, another study by Gazzellini et al. [40] reported a
24% increase in walking distance and a 29% improvement in
walking speed among 47 pediatric patients with unspecified
neurological conditions.

Despite fewer therapy sessions, the current study achieved 
superior outcomes compared to the studies mentioned above. 
This difference may partly be due to the direct assessment of 
gait parameters through device-generated data, as opposed to 
the 10MWT and 6MWT tests used in most of the previous 
research. The robotic device provides patients with enhanced 
support and stability compared to overground walking. This 
helps reduce the risk as well as fear of falling which can cause 
hesitation and slower walking, ultimately leading to increased 
walking speed and greater distance covered. In addition, the 
patient's lower limbs in an end-effector device are fixed only at 
the feet, which provides distinct advantages over exoskeleton 
systems. This configuration allows for greater freedom of 
movement in all anatomical planes, facilitating more active 

patient participation during therapy, which is directly related 
to improved therapeutic outcomes [41].

The primary limitation of this study is the absence 
of a control group, which would allow for a more robust 
evaluation of the effectiveness of RAGT compared to the 
conventional approach. Furthermore, progress was assessed 
only based on device-generated values from the first and 
last therapy sessions, without any follow-up evaluation. To 
better capture the therapy's benefits, it would be useful to 
incorporate additional assessment methods that reflect the 
patient's functional abilities and independence in daily life 
over a longer-term scale. Another drawback is the broad 
diversity of diagnoses within the "Others" group, which, 
due to the small sample size for each condition, prevents 
drawing meaningful conclusions about these specific 
disorders. Despite these limitations, this study contributes 
to the field as it is the first to explore the effectiveness of 
end-effector RAGT across various neurological disorders in 
children. While the sample sizes for individual conditions in 
the "Others" group were limited, the results suggest a trend 
indicating the device's potential effectiveness for a range 
of neurological conditions. For future research, it would 
be valuable to include a larger sample of patients for each 
condition. Combined with economic evaluations, this could 
assist potential clients in determining whether RAGT is a 
worthwhile investment based on the distribution of patients 
by diagnosis in their specific facilities.

Conclusion
Pediatric patients with various neurological disorders 

demonstrated statistically significant improvements in 
all assessed parameters following rehabilitation program 
including a novel end-effector-based RAGT system. Based 
on the evaluation of gait parameters generated by the device, 
increases of approximately 48%, 63%, and 39% were 
observed in the number of steps, distance walked, and walking 
speed, respectively. These findings indicate a positive impact 
of the RAGT system on gait, benefiting not only pediatric 
patients with CP but also those with other neurological 
conditions, which may contribute to enhancing functionality 
and independence in daily life.
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