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ABSTRACT 

Introduction: Gait disturbances resulting from lower limb dysfunctions cause 

meaningful changes in the lives and independence of older adults, and the number 

of people affected by this problem will continue to increase in the future. 

Rehabilitation is the only effective method of helping patients affected by this 

problem. Exoskeletons are gaining value in rehabilitation, boosting safety and 

rehabilitation effectiveness. This article aims to assess exoskeletons, examine the 

utility resulting from their use, and evaluate the prospects for their further 

application. Methodology: Between April and June 2025, we executed a literature 

review using databases such as Google Scholar and PubMed. Keywords included 

‘rehabilitation,’ ‘exoskeleton,’ ‘lower limb,’ and ‘dysfunction.’ We selected articles 

published between 2017 and 2025 based on their relevance to the use of lower limb 

exoskeletons in rehabilitation, and also included key earlier studies. Two reviewers 

analyzed and selected studies with a focus on clinical trials and systematic reviews. 

Result and Discussion: Researchers demonstrated in their studies that robotic 

exoskeletons enhance balance, gait symmetry, step length, and neuroplasticity in 

patients affected by stroke, spinal cord injuries, and multiple sclerosis. Clinical trials 

demonstrate significant functional gains compared to conventional rehabilitation. 

Adverse effects of exoskeleton use included fatigue, skin abrasions, and orthostatic 

problems; however, these were considered safe during rehabilitation. While they 

offer numerous benefits, there is still a lack of large-scale studies confirming all the 

benefits of their use. The most critical challenges facing exoskeletons are ensuring 

patient safety and adapting them to individual needs. 
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1. INTRODUCTION  

Sustaining a proper gait is one of the most essential elements for appropriate 

functioning. Dysfunctions of walking, which are especially common in older 

people, can lead to problems with everyday functioning and compound the risk of 

falling (Baker, 2018). Among older adults, the proportion of individuals with 

abnormal gait rises with age. Researchers divide the causes of walking disorders 

into two groups (Ataullah & De Jesus, 2025). Neurological causes are more common 
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and include neurodegenerative diseases, stroke, sensory disorders, and myelopathies. Among the non-neurological causes, we can 

distinguish degenerative joint disease, injuries, muscle disorders, circulatory and vascular diseases, and psychogenic disorders (Lam, 

2011; Cicirelli et al., 2022). 

Gait disturbances may be a significant element that complicates the patient's functioning. Prompt and effective recovery of walking 

precipitates the patient's return to social and professional life. Proper rehabilitation is therefore essential. Early initiation of 

rehabilitation in stroke patients may bring positive results in improving the motor function of the lower limbs and restoring normal 

gait (Coleman et al., 2017). The beginning of gait rehabilitation at the initial stages of Parkinson's disease has positive effects. Such 

actions may be beneficial in alleviating motor symptoms and delaying the onset of gait problems (Ellis et al., 2021). The rehabilitation of 

patients with walking disorders requires solutions to improve this process. One relatively new tool in this field is robotic exoskeletons. 

Thanks to them, we can have more control over the rehabilitation process, reduce the burden on physiotherapists, and better assess the 

progress and return of function in patients (Rodriguez-Fernandez et al., 2021; Plaza et al., 2023). 

Our work aims to summarize the current knowledge about several lower limb exoskeletons and compare their strengths and 

limitations in the rehabilitation of patients with walking disabilities. 

 

 
Fig 1. PRSIMA consort chart of selected studies. 
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2. REVIEW METHODS 

The authors did a literature review between April and June 2025, using databases such as Google Scholar and PubMed. We searched 

for relevant papers using keywords separately and in combinations. The terms were entered in individual databases individually and 

in combination. We checked the titles and abstracts to select documents related to our topic. We rejected those that did not meet these 

criteria. The assessment of articles was performed independently by two people. The inclusion criteria concerned studies and reviews 

of papers that focused on the use of lower limb exoskeletons in the rehabilitation of patients with lower limb dysfunction. We focused 

on studies published from 2017 onwards, with some key works from earlier periods also. We created the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) diagram (Figure 1).  

 

3. RESULTS AND DISCUSSION 

Structure of exoskeletons 

Exoskeletons are mechanical devices that aid users in improving mobility, endurance, and strength. They have found application in the 

military but are also particularly important in medical rehabilitation (Hussain et al., 2021). The lower limb exoskeleton is a metal 

structure that has a drive motor installed at the hip and knee joints. The system analyzes parameters such as joint angles and angular 

velocity, controlling movement in real-time (Li et al., 2023). There are two types of exoskeletons, depending on how they work. The first 

completely replaces the patient's limbs. The second helps during rehabilitation because it supports the limbs rather than replacing them 

like the first type (Baud et al., 2021). 

 

History and Development of Exoskeleton Technology 

In 1960, General Electric developed the first electrically powered exoskeletons, including the Hardiman suit. The developers of this 

device designed it to increase human strength using hydraulics. Despite its mechanical complexity and promise, the Hardiman was 

impractical due to its weight. In the 2000s, defense-related interest led to the development of lighter, battery-powered systems such as 

the HULC (Human Universal Load Carrier). They designed it to allow soldiers to lift to 90 kg with minimal effort. The transition of 

exoskeleton technology from military to medical use was a significant development in the field. One of the first big successes was the 

Hybrid Assistive Limb (HAL), created by Professor Yoshiyuki Sankai in Japan. HAL was one of the first exoskeletons used in 

rehabilitation after conditions like stroke or spinal cord damage affecting motor function. 

What made HAL special was how it listened to the body. It could pick up tiny signals from the skin—signals that showed the 

person wanted to move—and then used motors in the suit to help make that movement happen. This was groundbreaking—for the 

first time, it was no longer just about moving another person's body but about assisting them to move independently, using their own 

effort. 

Modern exoskeletons are now smaller, more efficient, and easier to use than ever before. Devices like ReWalk, EksoGT, Indego, and 

ExoAtlet now support rehabilitation not only in hospitals and specialized centers but also in homes worldwide (Molteni et al., 2018). 

They are most commonly helping people with learning to walk again after spinal cord injuries, getting up and moving early after a 

stroke, and supporting rehabilitation in conditions like multiple sclerosis and cerebral palsy. 

Modern exoskeletons integrate advanced software with motion and muscle sensors to improve user support. This combination 

enables more symmetrical gait patterns and reduces compensatory movements. Another exciting direction is using brain-computer 

interfaces supported by AI algorithms, which could help exoskeletons better react to the user's movements as they happen (Table 1) 

(Calabro et al., 2018). 

 

Comparison of the most common exoskeletons 

Table 1. Comparison of the most common exoskeletons.   

Device Clinical Indication User Profile 
Control 

interface 

Assisted 

segments 

Clinical 

outcomes 

Lokomat® Hocoma 

Switzerland 

(Zhang et al., 2022) 

Stroke, Spinal cord 

injury (SCI), Cerebral 

Palsy (CP) 

stationary clinical 

patient 

Computer, 

therapist 

Hips and 

knees on 

the 

treadmill 

Improved gait 

symmetry 
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EksoNR® 

Ekso Bionics USA 

(Wiśniowska-Szurlej 

et al., 2023) 

Stroke, SCI, Multiple 

Sclerosis (MS), brain 

injury. 

Partial/complete 

lower limb 

paralysis, 

Sensors, 

therapist 

Full lower 

limbs (LL) 

Improved step 

length 

ReWalk® Lifeward 

USA 

(Hong et al., 2020) 

Paraplegia SCI 
Complete lower 

limb paralysis 

control system, 

motion sensors 
Full LL 

Increased 

independent 

ambulation  

Indego® 

Ekso Bionics USA 

(Tefertiller et al., 

2018) 

Stroke, SCI Clinic, and home 
Motion sensors, 

app 

Hips and 

knees 

Improved gait 

speed 

Keeogo® 

B-Temia  Canada 

(McGibbon et al., 

2018) 

MS, muscular 

dystrophy, CP 
Partial leg strength, 

EMG, motion 

sensors 
Knees 

Enhanced 

endurance in 

MS patients 

HAL® 

Cyberdyne Japan 

(Aach et al., 2023) 

Stroke, SCI, 

neuromuscular 

disease 

Clinical 
Autonomous 

gait, joystick 
Full LL 

Gait function 

gains in stroke 

patients 

Atalante® 

Wandercraft France 

(Lejeune et al., 2025) 

CP, MS, SCI Clinic patient 

EMG = 

biofeedback, 

sensors 

Full LL 

Improving 

independent 

walking 

 

Spinal cord injury (SCI) leads to motor dysfunction. Proper rehabilitation and restoration of these functions reduce the risk of 

dangerous complications. These interventions allow patients to return to physical activity and improve their daily quality of life. 

Because hospital rehabilitation is often limited, portable therapy devices are essential for helping patients regain function. Exoskeletons 

used by such patients in home activities not only facilitate daily functioning but also reduce muscle contractures and joint stiffness (He 

et al., 2024). 

Stroke is one of the most common causes of gait disorders. Regaining the ability to walk in such patients is one of the most critical 

tasks of rehabilitation. However, a large percentage of patients are still unable to regain this ability after therapy. Exoskeletons are 

becoming a tool that helps meet the rehabilitation needs of patients. Exoskeleton-assisted walking therapy supports more efficient 

neuronal recuperation by involving the nervous system in functional movement. This type of therapy is comparable to conventional 

stroke rehabilitation and may even be more effective (Louie & Eng, 2016). 

Nowadays, exoskeletons are helping an increasingly wider group of patients with impaired lower limb function. The fundamental 

question is whether such therapy is as effective as traditional rehabilitation and whether robotic systems can fully replace conventional 

methods or serve only as a complementary tool. 

In a study by Huo et al., (2024), stroke patients who trained with an exoskeleton on one side of the body regained better balance and 

stability while walking than those in standard therapy. The researchers indicate that using the exoskeleton may have the advantage of a 

more coordinated gait pattern. 

A key goal in stroke rehabilitation is to enhance neural conduction in the brain and spinal cord. Tao et al., (2023) and Yoo et al., 

(2025) provide evidence that the use of exoskeletons in rehabilitation promotes neuroplasticity, leading to improved movement and leg 

mobility. The study by Zhang et al., (2024), examines the use of combined robotic and classical therapy, shows its advantages over 

upright bed rehabilitation for stroke patients (Table 2). The use of exoskeletons in rehabilitation must always be safe for patients. 

Adverse events, including falls, abrasions, and pain, are possible, but their impact on safety is currently marginal. Therefore, it is 

necessary to report any side effects and eliminate them. 

Although exoskeletons are relatively new, current research suggests they are safe for use in rehabilitation. One of the benefits listed 

is the reduced need to use additional assistive devices during walking. Currently conducted studies focus on small groups of patients; 

therefore, it is challenging to state whether these devices are safe clearly (Gil-Agudo et al., 2023; Zhang et al., 2024; Aach et al., 2023). 
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Table 2. Analysis of research and rehabilitation results of patients using lower limb exoskeletons. 

Author Study design Study population Method Results 

Huo et al., 2024 

 

Randomized 

single-

anonymized 

clinical trial. 

Researchers divided forty 

patients with subacute stroke 

into two groups: 

interventional, assisted by a 

robot, and control, with the 

need for rehabilitation. 

Researchers collected 

measurements in both 

groups at baseline and again 

after the second and fourth 

weeks of therapy. The main 

assessments were balance 

and gait. 

A study demonstrated that 

the implemented 

framework significantly 

enhances balance and gait 

in patients following 

subacute stroke. 

Fan et al., 2025 

 

Randomized 

double-masked 

clinical trial. 

Twenty-five stroke patients: 

13 in the exoskeleton group 

and 12 in the conventional 

rehabilitation group. 

In both groups, central 

conduction, lower limb 

function, and gait 

parameters were assessed 

before the intervention and 

again at 2 and 4 weeks. 

Studies have shown that 

the use of the robot has a 

positive impact on cerebral 

cortex activity and nerve 

conduction in the spinal 

cord. 

Yoo et al., 2023 

 

Prospective 

randomized 

controlled trial. 

The researchers divided 

thirty patients with chronic 

stroke into two groups of 

fifteen, each of which 

underwent four weeks of 

training. The study group 

used a robot, while the 

control group trained on a 

treadmill. 

The researchers examined 

oxyhemoglobin levels, lower 

limb function parameters, 

and gait. 

Robotic gait training has a 

beneficial effect on cortical 

modulation, improves the 

spatial step symmetry 

coefficient, and lowers limb 

function parameters. 

Gil-Agudo et al., 

2023 

 

Randomized 

controlled trial. 

Twelve patients with C2-C4 

spinal cord injuries 

completed fifteen sessions of 

gait training using a lower 

limb exoskeleton, while 

eleven similar patients 

formed the control group. 

Researchers assessed 

patients’ safety by recording 

adverse events and 

evaluating skin lesions, pain, 

and fatigue. 

The exoskeleton met safety 

requirements, and the 

patients rated it well. 

Zhang et al., 2024 

 

Pilot, single-

masked, 

randomized 

controlled trial. 

 The study included 24 

patients with acute stroke, 

divided into two groups of 

12 each. The first group 

underwent rehabilitation on 

a vertical bed, and the second 

used an exoskeleton. 

The study assessed balance, 

lower limb motor function, 

posture, and basic daily 

activities.  

The exoskeleton is more 

effective than rehabilitation 

in a vertical bed in terms of 

regaining balance and 

motor function of the lower 

limbs. 

Aach et al., 2023 

 

Single-center 

prospective 

study. 

Fourteen women and thirty-

six men with acute SCI 

underwent 12 weeks of 

exoskeleton-assisted 

rehabilitation.  

The measurements included 

walking tests, treadmill 

parameters (speed, distance, 

time), and lower limb motor 

functions. 

The study confirms the 

effectiveness and 

practicality of this device 

during training in patients 

with spinal cord injury. 

 

4. CONCLUSION 

Lower-limb exoskeletons represent a promising approach to rehabilitation for individuals with gait impairments caused by illness. 

They improve walking speed, endurance, and balance. We are waiting to know how long these benefits will last—we need more solid, 

long-term research to be certain. This type of technology is costly, and only a limited number of centers can afford to implement it; 

therefore, its implementation is currently complicated. In the future, exoskeletons will be increasingly incorporated into rehabilitation 
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programs. This is due to significant technological advancements in medicine, as well as the involvement of medical professionals. 

Ultimately, exoskeletons will be a key element of rehabilitation, not just a futuristic concept. 
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