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Abstract

Background: This study is focused on the investigation of advanced technology with potential involvement 
in the process of rehabilitation of working–age patients with orthopedic and neurologic disabilities. The main 
advantages of the use of advanced technology are related to decrease in recovery time and increase in return-to-
work rate. This study addresses the biomechanics of walking and compares different gait sessions with RELIVE 
system. The purpose is to highlight the effect on the plantar pressure changes the system has during these 
sessions.
Methods: The study was realized on 15 healthy, disability-free subjects tested in 6 walking sessions. All the 
selected sessions were characterized by one particular characteristic, walking with hands on the handrail, and 
each participant had to perform three walks during each session. The F-Scan device from Tekscan (research 
software version), attached to the participants’ belt was used to record the plantar pressure for each of the 18 
walks.
Results: When walking with hands on the handrail, with 20% body weight offload, the average pressure values 
were lower with the alternator turned on compared to the seasons with the alternator turned off. Additionally, 
the body weight offloading of the participants determined by the body weight support subsystem resulted in 
decreased average pressure values with each percentage of unloaded body weight.
Conclusion: The unloading of the participants' weight was obtained by the body weight support subsystem. In 
all gait sessions studied, a drawback is represented by the interferences between the alternator and the body 
weight support subsystem. Therefore, is mandatory to find a solution for the interference between these two 
systems to assure a better gait training. Thus, a good alternative for conventional rehabilitation of working-age 
patients could be RELIVE system.
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Introduction

Physical health is a fundamental necessity for 
independent living. The first World Disability Report, 
published more than a decade ago by World Health 
Organization and World Bank, states that 200 million 
people have functional disabilities and the prevalence 
is increasing [1]. It is estimated that 12.6% of the 
adult population has a functional disability, the most 
common types being visual and walking disorders 
[2]. The inability or disability to walk has a major 
physical and psychological impact on both patients 
and their families. The activities of daily living are 
affected when lower limb disability occurs, the 
patient requiring specialized help permanently [3,4].

Retirement age has increased in Europe [5,6], 
secondary to increased average life expectancy [7]. 
Working-age patients must cope with different health 
conditions and disabilities in order to continue 
working [8]. Return-to-work (RTW) has benefits 
for the patients (income and improved mental 
well-being), while employers benefit from less 
disability and more workforce [9]. The disabilities of 
working-age patients have an important economic 
and financial effect on society as a whole by two 
major ways: loss of productivity and reliance on 
government-funded income supplements [10], [11].

The number of employees who undergo hip and total 
knee arthroscopy is rising rapidly[6]. It is expected 
that by 2030 over 50% of these surgeries will be 
performed for working-age patients [12]. However, it 
can take up to 17 weeks after surgery to RTW [13,14], 
this being influenced by the working environment, 
occupational class, socioeconomic status [6].

With increased incidence of osteoporosis, the 
number of fragility hip fractures will become 
greater in the following years [15–17]. 40-60% of 
patients could resume previous level of ambulation 
after a fragility hip fracture, approximatively 
one third remaining totally dependent [18,19]. 
Independent ambulation can be delayed or impacted 
by factors such as preoperative hypoalbuminemia 
and postoperative complications [20].

Most patients with limb amputation choose a 
prosthetic device in order to regain some physical 
function [21–23], however in the long term, 
disablement is a serious concern [24,25]. The rates of 
RTW after amputation vary between 43-70% [26,27].

The incidence of stroke in younger people has 
the tendency to increase in the following years, 
approximately 30% of the survivors being under the 
age of 65, in their income-earning years [28,29]. It is 
very important for patients who had a stroke, to be 

able to RTW. It increases their general health, self-
esteem, psychosocial comfort and life satisfaction and 
decreases the mortality rates [30,31]. The occupational 
physician must understand the limitations this type 
of patients have (motor, cognitive, verbal disabilities 
and fatigue) and must find the most effective 
interventions in order to accommodate the patient 
in the workplace [32]. Rehabilitation programs 
don't meet the needs of young stroke survivors 
wishing to RTW, being perceived as insufficient in 
terms of duration and aim to prepare them for work 
[33,34]. Furthermore, the published evidence on the 
effectiveness of these interventions is limited [28].

The most common recommendations at workplace 
for people with functional disabilities are changes to 
individual workstations, changes to work sites being less 
common. Among these accommodations are computer 
based technologies, alternative communication 
devices and assistive devices, which require little 
assistance for installing and can be implemented 
quickly [35]. For people with ambulatory disabilities, 
wheelchairs can help achieve mobility in daily 
living [36] and facilitate work performance [37,38].

Taking all these into consideration, we did a study with 
the aim to assist and investigate the development of 
advanced technology that has the potential to help the 
process of rehabilitation of working-age patients with 
various disabilities (orthopedic, neurologic). Using 
advanced technology may help decrease recovery time 
and increase RTW rates. Gait rehabilitation technology 
is growing rapidly, as regaining functional gait is very 
important for all aspects of independent living [39]. 

This study investigates RELIVE system, which 
is an assistive overground gait training system 
developed for rehabilitation of patients with 
disorders that generate walking disabilities. It was 
conceived and implemented within the project 
PN II – Partnerships in priority areas – contract 
190/2012: „Sistem mecatronic de realitate 3D pentru 
recuperarea ambientală a pacienților cu afecțiuni 
neurologice centrale – RELIVE” (CNDI–UEFISCDI 
PN-II-PT-PCCA-2011-3.2-0053). The system was 
designed and built by a multidisciplinary team 
composed of specialists (mechatronics specialists, 
engineers, rehabilitation medicine specialists 
and psychologists) from Politehnica University 
Bucharest, Elias University Emergency Hospital 
Bucharest, S.C. Tehnomet S.A. Buzău, S.C. Corner 
Prod S.R.L. Câmpina and S.C. SIS S.A. Bucharest [40]. 

The system was primarily designed to assist 
patients with central neurological disorders (e.g. 
stroke), but the intention is to allow gait training in 
case of a wider range of pathologies (e.g. traumatic, 
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degenerative, cardiovascular and respiratory). 
RELIVE system can have a significant impact on the 
health system, by reducing the expenses involved 
in caring for people with major gait disabilities. 

The development of such a complex system required 
interdisciplinary collaboration between specialists in 
rehabilitation medicine, psychologists, mechatronic 
specialists and engineers [40]. The system is in 
TRL5 stage and its functioning as a whole must be 
investigated, under relevant conditions, in preclinical 
studies using subjects without known pathologies.

RELIVE system (Figure 1) consists of a) an assembly 
of supporting poles and fixed beams, which enclose 
the therapeutic space; b) a mobile beam on which the 
body weight support (BWS) subsystem and the vertical 

oscillation mechatronic subsystem (alternator) are 
placed. The novelty of the system is given by the 
alternator, which allows anterior translation and 
rotation (oblicity) movements of the pelvis [41], 
considering that the pelvis mechanism that permits 
natural pelvis movements necessary for physiological 
gait patterns is an underdeveloped component 
[42]. A more detailed description of the system and 
other studies were previously published [43–46].

In this study, we studied the biomechanics 
of walking, by comparing several gait sessions 
with RELIVE system, in order to understand 
if and how plantar pressure changes according 
to certain particularities of these sessions.

Figure 1. RELIVE system

Material and methods

This study is based on a series of cases and is 
an experimental pilot study as part of a more 
complex research focused on RELIVE system. Other 
experimental results have already been published in 
previous papers [44,46]. The research was approved by 
the Ethics Committee of Elias Emergency University 
Hospital (6364/13.09.2021) and took place in the 
Physical Medicine and Rehabilitation Department of 

Elias Emergency University Hospital during 2021-
2022. The participants were selected from the clinic 
staff and they signed an informed consent form. 

The study included 15 healthy, disability-free 
subjects, both men and women, without a history of 
lower limb pain or neurological pathologies. 

The 6 walking sessions selected to study the 
biomechanics of walking have all in common the 
following characteristic: walking with hands on the 
handrail (HH) (Table 1). During each session, each 
participant had to perform three walks. Plantar 
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pressure data was recorded for each of the 18 walks 
using the F-Scan device from Tekscan (research 
software version), attached to the participants’ belt.

To obtain relevant data for this study, the peak/stance 
average function was applied resulting, for each walk, 
the average distribution of pressure values for each 
foot. The first and the last recorded step were deleted 
with the purpose to investigate only complete stance 
phases. This is a method to eliminate the inaccuracies 
which occur during initiation and termination of gait 
[44]. In the end, by averaging the pressure values for 
each foot, for the three walks, within the same gait 
session, we obtained the 24 average pressure values 

(AVP) for each foot and 48 APV for each gait session. 
This methodology is detailed in a previously published 
article [45].  

For statistical analysis, IBM SPSS Statistics v28 tool 
was used. Because we have less than 2000 records the 
Shapiro-Wilk test was applied to verify if a variable 
is normally distributed. The p-value significance 
threshold was 0.05. The data were considered 
normally distributed if p-value was above 0.05. The 
corresponding non-parametric test was used if one 
of the two variables compared was non-normally 
distributed.

Body weight offload (BWO) Alternator

D 0% turned off
F 0% turned on
H 10% turned off
J 10% turned on
L 20% turned off
N 20% turned on

Table 1. RELIVE system

Results

Sessions D vs. F

Participant 1: from an average of 81.2500 in session 
D to one of 72.2292 in session F, the difference is not 
considered statistically significant: p-value = 0.172. 
Participant 2: from an average of 77.4375 in session 
D to one of 73.3125 in session F, the difference is not 
considered statistically significant: p-value = 0.381. 
Participant 3: from an average of 83.8333 in session 
D to one of 68.6875 in session F, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 4: from a mean of 80.3750 in session 
D to one of 67.7917 in session F, the difference is 
considered statistically significant: p-value = 0.002. 
Participant 5: from an average of 81.5208 in session 
D to one of 66.8958 in session F, the difference is 
considered statistically significant: p-value = 0.002. 
Participant 6: from a mean of 73.0208 in session D 
to one of 71.4375 in session F, the difference is not 
considered statistically significant: p-value = 0.963. 
Participant 7: from a mean of 81.3542 in session 
D to one of 70.9792 in session F, the difference is 
considered statistically significant: p-value = 0.029. 

Participant 8: from a mean of 76.0417 in session D 
to one of 70.7292 in session F, the difference is not 
considered statistically significant: p-value = 0.470. 
Participant 9: from an average of 75.9375 in session 
D to one of 64.7708 in session F, the difference is 
considered statistically significant: p-value = 0.015. 
Participant 10: from a mean of 82.3125 in session 
D to one of 71.6667 in session F, the difference is 
considered statistically significant: p-value = 0.001. 
Participant 11: from a mean of 78.0208 in session D 
to one of 70.0625 in session F, the difference is not 
considered statistically significant, although close to 
the significance threshold of 0.005: p-value = 0.069. 
Participant 12: from a mean of 84.3333 in session 
D to one of 72.0417 in session F, the difference is 
considered statistically significant: p-value = 0.026. 
Participant 13: from an average of 79.9792 in session 
D to one of 70.0208 in session F, the difference is 
considered statistically significant: p-value = 0.045. 
Participant 14: from a mean of 76.3958 in session D 
to one of 72.4167 in session F, the difference is not 
considered statistically significant: p-value = 0.415. 
Participant 15: from an average of 72.2500 in session 
D to one of 62.2708 in session F, the difference is not 
considered statistically significant: p-value = 0.163.
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Sessions H vs. J

Participant 1: from an average of 59.5208 in session 
H to one of 48.8333 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 2: from an average of 54.9583 in session 
H to one of 51.0208 in session J, the difference is not 
considered statistically significant: p-value = 0.267. 
Participant 3: from a mean of 58.7708 in session 
H to one of 52.5438 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 4: from a mean of 53.0208 in session 
H to one of 45.5625 in session J, the difference is 
considered statistically significant: p-value = 0.013. 
Participant 5: from an average of 46.5833 in session 
H to one of 47.4167 in session J, the difference is not 
considered statistically significant: p-value = 0.712. 
Participant 6: from a mean of 47.3750 in session H 
to one of 48.6842 in session J, the difference is not 
considered statistically significant: p-value = 0.851. 
Participant 7: from an average of 45.2708 in session 
H to one of 49.2500 in session J, the difference is not 
considered statistically significant: p-value = 0.152. 
Participant 8: from a mean of 50.2917 in session H 

to one of 47.6250 in session J, the difference is not 
considered statistically significant: p-value = 0.274. 
Participant 9: from a mean of 48.4792 in session H 
to one of 47.6250 in session J, the difference is not 
considered statistically significant: p-value = 0.488. 
Participant 10: from an average of 58.7083 in session 
H to one of 50.5000 in session J, the difference is 
considered statistically significant: p-value = 0.010. 
Participant 11: from a mean of 56.8333 in session 
H to one of 47.2292 in session J, the difference is 
considered statistically significant: p-value = 0.010. 
Participant 12: from a mean of 58.6875 in session 
H to one of 50.5417 in session J, the difference is 
considered statistically significant: p-value = 0.004. 
Participant 13: from a mean of 55.1875 in session 
H to one of 57.5208 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 14: from a mean of 58.9167 in session 
H to one of 43.4583 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 15: from a mean of 47.7917 in session 
H to one of 50.3750 in session J, the difference is 
considered statistically significant: p-value < 0.001. 

Figure 2. Session D versus Session F

Figure 3. Session H versus Session J
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Sessions L vs. N

Participant 1: from a mean of 43.9792 in session 
L to one of 32.2917 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 2: from a mean of 39.5833 in session 
L to one of 31.5625 in session N, the difference is 
considered statistically significant: p-value = 0.009. 
Participant 3: from a mean of 43.2708 in session 
L to one of 34.9375 in session N, the difference is 
considered statistically significant: p-value = 0.001. 
Participant 4: from a mean of 40.8542 in session 
L to one of 34.2917 in session N, the difference is 
considered statistically significant: p-value = 0.004. 
Participant 5: from a mean of 38.3958 in session L 
to one of 34.7708 in session N, the difference is not 
considered statistically significant: p-value = 0.091. 
Participant 6: from a mean of 40.7292 in session 
L to one of 32.2292 in session N, the difference is 
considered statistically significant: p-value = 0.023. 
Participant 7: from an average of 37.3750 in session 
L to one of 35.5000 in session N, the difference is not 
considered statistically significant: p-value = 0.300. 
Participant 8: from a mean of 38.2917 in session L 

to one of 33.2083 in session N, the difference is not 
considered statistically significant: p-value = 0.082. 
Participant 9: from a mean of 35.1042 in session L 
to one of 32.7292 in session N, the difference is not 
considered statistically significant: p-value = 0.456. 
Participant 10: from an average of 43.4375 in session 
L to one of 31.0208 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 11: from a mean of 40.6042 in session 
L to one of 30.9792 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 12: from an average of 43.7917 in session 
L to one of 31.2292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 13: from a mean of 49.0625 in session 
L to one of 36.9792 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 14: from a mean of 38.9167 in session 
L to one of 32.7083 in session N, the difference is 
considered statistically significant: p-value = 0.021. 
Participant 15: from a mean of 37.9167 in session 
L to one of 25.9167 in session N, the difference is 
considered statistically significant: p-value < 0.001.

Study on plantar pressure in overground gait rehabilitation system that may facilitate return to work

Figure 4. Session L versus Session N

Sessions F vs. J

Participant 1: from an average of 72.2292 in session 
F to one of 48.8333 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 2: from an average of 73.3125 in session 
F to one of 51.0208 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 3: from a mean of 68.6875 in session 
F to one of 52.54378 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 4: from an average of 67.7917 in session 
F to one of 45.5625 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 5: from an average of 66.8958 in session 
F to one of 47.4167 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 6: from a mean of 71.4375 in session 
F to one of 48.6042 in session J, the difference is 

considered statistically significant: p-value < 0.001. 
Participant 7: from an average of 70.9792 in session 
F to one of 49.25 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 8: from an average of 70.7292 in session 
F to one of 47.625 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 9: from an average of 64.7708 in session 
F to one of 47.625 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 10: from an average of 71.6667 in session 
F to one of 50.5000 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 11: from an average of 70.0625 in session 
F to one of 47.2292 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 12: from an average of 72.0417 in session 
F to one of 50.5417 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
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Participant 13: from a mean of 70.0208 in session 
F to one of 57.5208 in session J, the difference is 
considered statistically significant: p-value = 0.011. 
Participant 14: from an average of 72.4167 in session 
F to one of 43.4583 in session J, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 15: from a mean of 62.2708 in session 
F to one of 50.3750 in session J, the difference is 

considered statistically significant: p-value = 0.037.

Sessions F vs. N

Participant 1: from an average of 72.2292 in session 
F to one of 32.2917 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 2: from a mean of 73.3125 in session 
F to one of 31.5625 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 3: from a mean of 68.6875 in session 
F to one of 34.9375 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 4: from a mean of 67.7917 in session 
F to one of 34.2917 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 5: from a mean of 66.8958 in session 
F to one of 34.7708 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 6: from a mean of 71.4375 in session 
F to one of 32.2292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 7: from a mean of 70.9792 in session F to a 
mean of 35.5 in session N, the difference is considered 
statistically significant: p-value < 0.001. 
Participant 8: from a mean of 70.7292 in session 
F to one of 33.2083 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 9: from a mean of 64.7708 in session 
F to one of 32.7292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 10: from an average of 71.6667 in session 
F to one of 31.0208 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 11: from a mean of 70.0625 in session 
F to one of 30.9702 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 12: from an average of 72.0417 in session 
F to one of 31.2292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 13: from a mean of 70.0208 in session 
F to one of 36.9792 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 14: from a mean of 72.4167 in session 
F to one of 32.7083 in session N, the difference is 

considered statistically significant: p-value < 0.001. 
Participant 15: from a mean of 62.2708 in session 
F to one of 25.9167 in session N, the difference is 
considered statistically significant: p-value < 0.001.

Sessions J vs. N

Participant 1: from an average of 48.8333 in session 
J to one of 32.2917 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 2: from an average of 51.0208 in session 
J to one of 31.5625 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 3: from an average of 52.54378 in session 
J to one of 34.9375 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 4: from an average of 52.54378 in session 
J to one of 34.2917 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 5: from an average of 47.4167 in session 
J to one of 34.7708 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 6: from a mean of 48.6042 in session 
J to one of 32.2292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 7: from an average of 49.25 in session J to 
one of 35.5 in session N, the difference is considered 
statistically significant: p-value < 0.001. 
Participant 8: from an average of 47.625 in session 
J to one of 33.2083 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 9: from an average of 47.625 in session 
J to one of 32.7292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 10: from an average of 50.5000 in session 
J to one of 31.0208 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 11: from an average of 47.2292 in session 
J to one of 30.9792 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 12: from a mean of 50.5417 in session 
J to one of 31.2292 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 13: from a mean of 57.5208 in session 
J to one of 36.9792 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 14: from a mean of 43.4583 in session 
J to one of 32.7083 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
Participant 15: from a mean of 50.3750 in session 
J to one of 25.9167 in session N, the difference is 
considered statistically significant: p-value < 0.001. 
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Figure 5. Session F versus Session J versus Session N

Discussions

When comparing Session D to Session F (Fig. 2), 
for 8 out of 15 participants, there were statistically 
significant differences (p<0.05) in APV values. 
When walking with HH, without BWO and with the 
alternator turned on, the APV values were lower than 
those in the case of walking with HH, without BWO 
and with the alternator turned off. The result is similar 
to the one obtained in the case of walking with hands 
alongside the body (HB)[45], but it is statistically 
significant only for half of the participants, and 
therefore we cannot say for certain that the alternator 
has an influence on the participant's BWO, when 
walking with HH.

When comparing Session H to Session J (Fig. 3.), 
for 7 out of 15 participants, there were statistically 
significant differences in APV values. When walking 
with HH, with 10% BWO and with the alternator 
turned on, the APV values were lower than those in 
the case of walking with HH, with 10% BWO and 
with the alternator turned off. The result is similar 
to the one obtained in the case of walking with HB 
[45], but it is statistically significant only for half 
of the participants, and therefore we cannot say for 
certain that the alternator has an influence on the 
participant's BWO, when walking with HH at 10% 
BWO.

When comparing Session L to Session N (Fig. 4.), 
for 11 out of 15 participants, there were statistically 
significant differences in APV values. When walking 
with HH, with 20% BWO and with the alternator 
turned on, the APV values were lower than those in 
the case of walking with HH, with 20% BWO and with 
the alternator turned off. The result is similar to the 
one obtained in the case of walking with HB with 20% 

BWO [45] and supports the claim that at 20% BWO, 
the alternator influences the participant’s BWO.

When comparing Session F to Session J and Session 
N (Fig. 5.), the differences between all sessions 
were statistically significant. This result implies 
that the BWS subsystem determines the BWO of 
the participants, which leads to decreased values of 
APV with each percentage of BWO. The alternator 
interferes by increasing the offload, not by reducing 
it.

These comparisons showed that, for each participant, 
when walking with HH and with alternator switched 
on, the BWS subsystem gradually determines BWO, 
corresponding to the degree of BWO ordered by the 
operator. This was demonstrated by the APV values 
which decreased with each percentage of BWO. Also, 
the alternator subsystem interferes with the BWS 
subsystem, by increasing the degree of BWO when it 
is turned on, during sessions with 20% BWO when 
the participant walks with HH. This has been proven 
by decreased APV values during these sessions.

The study has some limitations, in terms of 
number and age of participants, inclusion criteria, 
type of footwear worn, the sensitivity of the sensor 
for detecting pressure, and the positioning of the 
handrail.

For some comparisons, the results are inconclusive. 
In order to be able to clearly say whether or not 
there are statistically significant differences for these 
comparisons, the number of participants must be 
increased. In older-age patients plantar pressure 
changes [47]. The enrolled participants were between 
the ages of 24 and 52 and were not divided into age 
groups.

One of the inclusion criteria referred to the lack of 
a history of foot pain, but no clinical examinations 
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were performed to invalidate certain hidden/
unknown pathologies or deformities (hallux valgus, 
pes cavus, leg planus etc.), which are known to affect 
the distribution of plantar pressure [48],[49].

The construction of the shoe influences the load 
characteristics of the foot [48]. For the study, closed 
shoes were worn, so that the sensors were secured 
inside, against displacement (slipping), but the type 
and characteristics of the shoes were not evaluated.

The position of the handrail was not changed 
according to the height of the participant.

Conclusions

The study showed changes in the APV during gait 
sessions with the alternator turned on versus gait 
sessions with the alternator turned off, under the 
same conditions. Based on the results obtained, 
several conclusions can be drawn:

1) The BWS subsystem unloads the weight of the 
participants. 

When the alternator subsystem is switched on, the 
APV values gradually decrease with the increase of the 
degree of BWO, for each participant, regardless of the 
position of the hands (HH or HB). The BWS subsystem 
represents an advantage for the gait recovery of 
people with ambulatory disabilities. BWO improves 
gait pattern by decreasing the effort and reducing the 
energy cost for executing steps, which leads, in the 
case of neurological patients, to a decrease in tonic 
reflexes and spasticity.

In addition, the BWS subsystem is also necessary 
for transfer training from sitting to standing position 
and vice versa, for obstacle training or in case of 
disturbances. It also has a role in preventing falls 
and it ensures comfort from a psychological point of 
view, the patient feeling safe and willing to practice 
more. A disadvantage could be the inhibition of 
posture reflexes in the trunk and more difficult 
balance training. In patients without neurological 
involvement, the BWS subsystem provides BWO in 
order to avoid further pain or injury to the affected 
area, allowing patients to focus on dynamic aspects 
and gait pattern symmetry.

2) The alternator subsystem interferes with the BWS 
subsystem in all gait sessions studied. 

The alternator, when switched on, decreases the APV 
values and therefore, increases the degree of BWO, 
compared to the percentage set in advance, regardless 
of the position of the hands (HH or HB); The 
explanation for the occurrence of this change in APV 
could be the fact that the two subsystems (alternator 

and BWS) are not completely mechanically separated 
from each other, which can lead to one influencing the 
other or both influencing themselves. As this leads to 
a further increase in the degree of BWO, it can lead 
to an overly high degree of BWO, which could change 
the gait pattern by decreasing the force necessary for 
propulsion, generated by the posterior muscles of the 
lower limb at the end of the stance phase. With the 
increase of the BWO the ground reaction force also 
decreases causing the walking speed to decrease. 
However, essential in post-stroke rehabilitation is the 
increase in walking speed.

3) Finding a solution for the interference of the two 
systems is mandatory for better gait training. RELIVE 
system can be a good alternative for conventional 
rehabilitation of working-age patients. The new 
generations of employees are more technology 
oriented and using advanced technology for this 
category of patients might raise their compliance to 
the treatment, achieving higher recovery and RTW 
rates. Also, RELIVE system can reduce the expenses 
necessary for the care of the people with major gait 
disabilities, including working–age persons, thus 
having a major impact on the health system and 
economy.
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