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ABSTRACT

Introduct ion:  Lower limb exoskeletons (LLEs) are a potential new develop-
ment in assistive technology and rehabilitation that offer mechanical support and 
help people with lower limb limitations, such as stroke survivors. However, little 
is known about the effects of using an LLE on the overall lower limb functions 
or the psychosocial well-being of stroke survivors. 

Aim:  To summarise the effects of using an LLE on lower limb function, includ-
ing mobility and functional independence in activities of daily living, as well as 
the psychosocial well-being among stroke survivors.

Mater ia l  and  methods :  The search for this review was conducted from 
January 2016 to February 2024 using the following databases: MEDLINE AND 
OVID, SCIENCE DIRECT, PROQUEST, and EBSCOhost. The following keywords 
were used [(lower limb exoskeleton OR lower extremities exoskeleton OR robotic 
leg)] AND [(lower limb function OR lower extremities function OR leg func-
tion)] AND [(psychosocial wellbeing OR mental health OR psychological)] AND 
[(stroke survivors OR stroke patients)]. A total of 7 articles were included in the 
review. 

Resu l t s  and  d i scuss ion:  The lower limb functions were measured using 
several assessment tools, such as the Fugl-Meyer Assessment for Lower Extremit-
ies, Barthel Index, Modified Barthel Index, Functional Ambulation Category, 
and the Modified Rankin Scale. The psychosocial aspects were measured using 
the Mini-Mental State Examination, Stroke Impact Scale, and Stroke Specific 
Quality of Life Questionnaire. Improvements were observed in each paper, al-
though some studies showed no significant difference.

Conclus ions:  The use of the LLE in stroke survivors during interventions has 
been shown to positively affect lower limb functions and the psychosocial well-
being of the user. 
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1. INTRODUCTION

Lower limb exoskeletons (LLE) have emerged as a promising 
technology in rehabilitation and assistive devices. An exo-
skeleton, also known as a robotic suit or exo-suit, is a rigid 
structure that supports the user’s weight to aid the user with 
a high amount of assistance to stimulate movement such as 
walking.1,2 Since the 1990s, the usage of robot assistance has 
become available in the rehabilitation field and is widely ac-
cepted.3 They provide mechanical support and assistance to 
individuals with lower limb impairments, enabling them to re-
gain mobility and perform activities of daily living more in-
dependently.4 While it has been used primarily for spinal 
cord injury and other neurological conditions, recent studies 
have demonstrated its potential to improve mobility and 
function in stroke survivors.5,6

As stroke survivors retain neurological and motor deficits, 
they may experience difficulties in walking with average speed 
and patterns, having trouble in stair negotiations as it requires 
higher physical functions and is unsafe for community-dwell-
ing activities.1,7,8 These complications will contribute to a high 
risk of falls among them, thus reducing their confidence level 
and quality of life.7,9,10 The LLE is a wearable device that util-
ises robotic technology to support and assist the lower limbs 
during movement, providing excellent stability and control for 
individuals who have suffered a stroke.11 Studies have demon-
strated improvements in walking speed, stride length, balance, 
and overall functional independence among stroke survivors 
who have used lower limb exoskeletons as part of their rehab-
ilitation treatment.12 These findings highlight the potential of 
lower limb exoskeletons as an effective adjunct to traditional 
rehabilitation in stroke rehabilitation. Aside from its physical 
functions and performance benefits, the exoskeleton provides 
satisfaction and confidence and can increase user motivation.

Current stroke rehabilitation guidelines recommend early 
involvement in repetitive, task-oriented, and intensive train-
ing for stroke survivors.7,10,11 In particular, task-oriented training 
is the preferred approach to enhance motor function, mobil-
ity, and walking ability, which can be facilitated through the 
use of a lower limb exoskeleton (LLE). However, much is 
still to be learned about this technology’s long-term efficacy 
and safety and its potential impact on other aspects of stroke 
rehabilitation. Further research is needed to fully under-
stand the benefits and limitations of the LLE in improving 
functional outcomes for stroke survivors. 

2. AIM

This review aims to evaluate the effects of a Lower Limb 
Exoskeleton (LLE) on lower limb function, including mo-
bility and functional independence in activities of daily liv-
ing, as well as assessing the psychosocial well-being among 
stroke survivors.

3. MATERIAL AND METHODS

3.1. Search strategies
The search for this review was conducted from January 2016 to 
February 2024 using the following databases: MEDLINE AND 
OVID, SCIENCE DIRECT, PROQUEST, and EBSCOhost. 
The keywords used in this literature search were [lower limb 
exoskeleton OR lower extremities exoskeleton OR robotic leg] 
AND [lower limb function OR lower extremities function OR 
leg function NOT upper] AND [psychosocial wellbeing OR 
mental health OR psychological] AND [stroke survivors OR 
stroke patients]. Figure 1 shows the flowchart of the process.

Figure 1. Shows the flowchart of the method.
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3.2. Inclusions and exclusions criteria
Articles were included if they met the following criteria: 
they were a randomised control study, had stroke survivors 
of any type as participants, used a lower limb exoskeleton in 
the treatment regime, measured the functions of the lower 
limb as the primary or secondary outcome measure, and as-
sessed the effects on the psychological well-being upon us-
ing the lower limb exoskeleton. Also, only English-language 
articles were included in this search.

The following items were excluded: all review articles, 
non-stroke survivors as participants, such as those with trau-
matic brain injuries, other neurological disorders, paediat-
rics, or healthy adults, and the usage of other exoskeletons, 
such as upper limb exoskeletons. 

3.3. Data extraction
A list of articles was identified, and a full-article search was 
conducted. The reviewers (A.W. and D.H.) independently 
screened the titles and abstracts from the initial search to 
identify the eligible studies. Full-text articles were examined 
to see whether inclusion in this review paper was appropri-
ate based on the inclusion and exclusion criteria. 

4. RESULTS

4.1. Lower limb functions after treatment with an exoskel-
eton
Throughout the search, seven articles were found. Of these, 
5 used Fugl-Meyer Lower Extremities (LE-FM),3,5,8,13,15 3 used 
the Barthel Index (BI),2,3,10 1 used the Modified Barthel Index 
(MBI),5 4 used the Functional Ambulation Category (FAC),2,3,5,8

and 1 used the Modified Rankin Scale (MRS)5 to assess the 
lower limb functions. Studies had also used multiple inter-
ventions to assess lower limb functions as well. For example, 
a study by Watanabe et al. 2020 used three interventions. 

4.2. Psychosocial well-being after treatment with an exo-
skeleton
In assessing psychosocial well-being, 2 articles were found 
that used the mental State Examination (MMSE)5,15 and 
1 article each used the Stroke Impact Scale (SIS)2 and Stroke 
Specific Quality of Life Questionnaire (SSQoL).13 Table 1
and Table 2 show the results classified by the outcome meas-
ures.

5. DISCUSSION

Lower limb function is one of the main criteria that will be 
examined when managing stroke patients. The most com-
mon measured variables in research are gait-related compon-
ents such as walking speed, endurance, and pattern. Mean-
while, assessing mental health and psychosocial well-being 
is not a priority. All studies were from outpatient settings of 
hospitals or private rehabilitations, and all the patients were 
in subacute and chronic stroke stages. 

As shown in Table 1, positive improvements were ob-
served in the within-group analysis. Most outcome measures 
showed significant improvement in pre/post-treatment. The 
study’s strengths include its focus on comparing the effect-
iveness of technology-assisted rehabilitation to traditional 
rehabilitation for stroke patients. The study’s findings sug-
gest that technology-assisted rehabilitation can be as effect-
ive as traditional rehabilitation, sometimes even better for 
stroke patients, presenting a more cost- and labour-efficient 
option for countries with scarce clinical resources and fund-
ing. In a study by Bustamante et al. 2016, the within-group 
analysis showed that both groups improved the LE-FM 
scores post-intervention.15 However, the IG showed a signi-
ficantly more significant improvement in the LE-FM scores 
compared to the CG, with the change in IG, on average, at 
2.8 change points greater than the CG. Additionally, the effect 
size showed that the intervention had a moderate effect (0.59) 
on LE-FM outcomes and little to no effect on the CG (0.08). 
Similar results can be seen in studies done by Watanabe et al. 
2020, Kim et al. 2019 and Kim et al. 2016. A similar study, 
which involved 1472 participants, was reported in a Co-
chrane review. It showed that combining the technology be-
hind the lower limb exoskeleton with physiotherapy inter-
ventions can increase the chances for the participants to 
engage in independent walking.14 This suggests that robot-
assisted gait training combined with conventional physical 
therapy may improve the gait ability of the affected lower 
extremity compared to conventional physical therapy alone.

However, most of the between-group analyses showed no 
significant improvement. This may be due to the differences 
in rehabilitation protocol between the two groups and the 
human-robot interaction. For instance, in the Kim et al. 2019 
study, IG underwent robot-assisted gait training combined 
with conventional physical therapy, whereas the CG under-
went conventional physical therapy (CPT) only. Unlike other 
studies, such as Watanabe et al. 2020, Morone et al. 2016 and 
Bustamante Valles et al. 2016, the IG performed therapy ses-
sions using the robot, and CG received conventional gait 
training. The differences in rehabilitation protocol, such as 
duration and intensity of training with the robot and ther-
apist, may lead to different recovery trajectories. Also, com-
bining robotic and conventional training or relying solely 
on robotic assistance or conventional rehabilitation may 
cause differences in the outcome. In studies involving con-
ventional rehabilitation, the level of therapist involvement 
may also be a factor that may influence the results. This may 
be because the interventions may include active guidance 
from therapists, while others rely solely on the robotic device. 
Other factors may be individual differences in how quickly 
patients adapt to the robotic systems, impacting how well 
they respond to therapy. Some devices require more famili-
arisation and training than others. Also, the level of patient 
motivation and how actively they engage with the robotic 
device may also vary, impacting the effectiveness of the in-
tervention. A previous research study found that using a ro-
botic device during gait training led to an increase in motor 
output, engagement, and motivation among patients.16
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Outcome measures used to assess lower limb functions after treatment with exoskeleton

Researcher(s) Outcome 
measures Participants Findings

Bustamante Valles 
KB, et al. 2016 LE-FM

n = 20 (IG = 10, CG = 10). Ran-
domly allocating ten patients to 
each group (Robot Gym vs con-
trol).

The between-group analysis of LE-FM showed no significant differences 
pre-intervention (p = 0.28). However, post-intervention, the intervention 
group (IG) improved by an average of 2.8 points more than the control 
group (CG) (p < 0.05). Within-group analysis revealed a significant im-
provement in IG (average increase of 3.3 points, p < 0.05), while CG 
showed minimal progress (0.5 points, p > 0.05). These results suggest that 
Robot Gym therapy significantly enhanced lower extremity function.

Chua J, et al. 2016

BI n = 106 (IG: 53, CG: 53). Ran-
dom allocation to electromechan-
ical gait trainer (IG) and physio-
therapy groups (CG).

There was a significant improvement over time (p < 0.05), but no group or 
group × time effects were found. Both BI and FAC improved significantly 
in all patients, with no differences between groups, suggesting both treat-
ments were equally effective in enhancing functional independence and 
ambulation post-stroke.

FAC

Jayaraman A, et 
al. 2019 LE-FM

n = 50 (IG:25, CG:25). Random-
ized, single-blind, parallel study 
design, Gait training with Honda 
Stride Management Assist exo-
skeleton (IG) vs functional train-
ing (CG).

LE-FM showed significant improvements from pre-treatment to all time 
points (p < 0.05), with a mean difference of 6.3 ± 2.4 higher post-treat-
ment in IG. These results highlight the effectiveness of IG in enhancing 
lower extremity function in stroke survivors.

Kim HY, et al. 
2019

LE-FM

n = 19 (IG: 10, CG:9). Random 
allocation to robot-assisted gait 
training + conventional physical 
therapy (IG) and conventional 
physical therapy alone (CG).

Significant between- and within-group differences in LE-FM were ob-
served (p < 0.05), with IG showing greater improvement (mean difference: 
2.35 ± 0.42). This suggests that robot-assisted gait training effectively en-
hances stroke recovery.

FAC

No significant differences were found between groups (p = 0.14) or within 
CG (p = 0.16) for FAC. However, IG showed significant improvement 
(p < 0.05) with a mean difference of 0.53 ± 0.11, suggesting the potential 
of robot-assisted gait training in enhancing balance and stability in stroke 
patients.

Kim SJ, et al. 
2016

LE-FM n = 38 (IG). Prospective trial 
with 40 training sessions.

Significant pre-to-post treatment differences were observed (p < 0.05), 
with higher post-treatment scores (LE-FM: 2.84 ± 1.44, MBI: 14.56 ± 2.84, 
FAC: 1.18 ± 0.33). These findings highlight the effectiveness of robot-as-
sisted gait training in improving walking ability in non-ambulatory stroke 
patients.

MBI

FAC

MRS
Significant differences were observed (p < 0.05), with a post-treatment de-
crease in MRS score (mean difference: 0.56 ± 0.07), indicating improved 
independence and reduced disability.

Morone G, et al. 
2016 BI

n = 44 (IG: 22, CG: 22). Random 
assignment to i-Walker group 
(IG) and control group (CG).

Clinical BI scores were close to the statistically significant threshold 
(p = 0.076). The study highlights the potential benefits of robotic-as-
sisted therapy in enhancing balance and possibly improving daily living 
activities.

Watanabe H, et al. 
2020

LE-FM

n = 22 (IG:12, CG:10). 
Non-randomized clinical trial.

No significant between-group difference in LE-FM was found (p = 0.87), 
but both IG and CG showed significant pre-to-post treatment improve-
ments (p < 0.05), with mean differences of 8.00 ± 2.5 and 1.5 ± 2, respect-
ively. This highlights the benefits of both treatment approaches in post-
stroke rehabilitation.

BI

No significant between-group difference in BI was found (p = 0.54), but 
both groups showed significant pre-to-post treatment improvements 
(p < 0.05). IG had greater improvement (22.5 ± 5.0) compared to CG 
(10.0 ± 10.0), indicating both interventions enhanced functional inde-
pendence in stroke patients.

FAC
A significant between-group difference in FAC (p < 0.05) showed IG had 
higher scores than CG, demonstrating the intervention’s superior effective-
ness in promoting independent walking in stroke patients.

Table 1. Outcome measures used to assess lower limb functions of patients after treatment with an exoskeleton. 

Comment: LE-FM – Fugl-Meyer Lower Extremities Assessment; BI – Barthel Index; MBI – Modified Barthel index; FAC – Functional Ambulation 
Category; MRS – Modified Rankin Scale; pre-treatment – assessment done before starting the treatment without exoskeleton usage; post-treatment – 
assessment taken after undergone treatment with exoskeleton usage; CG – Control Group; IG – Intervention Group.
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Only four out of 7 studies assessed the patients’ psychoso-
cial well-being and two significantly improved the within-
group comparisons. The outcome measures were MMSE, SIS, 
and SSQoL. The MMSE did not show a significant change 
after robot training in the study.5,15 However, the SIS memory 
and thinking scores showed improvement over time for both 
groups.2 Similarly, the exoskeleton group showed an im-
provement of 4.6 (SD 9.2) in SSQoL scores, and the func-
tional training group demonstrated an improvement of 3.0 
(SD 11.5) in SSQoL scores after the assessment. These im-
provements may encompass physical, emotional, social, and 
cognitive domains affected by stroke, reflecting a positive 
change in how the patients perceive and experience their 
quality of life post-intervention. The increase in SSQoL 
scores signifies a potential enhancement in overall well-be-
ing and satisfaction with life following the gait training in-
terventions.13

The lack of significant improvement in the MMSE scores 
implies that cognitive function may not have been positively 
affected by the robot-assisted gait training within the study’s 
timeframe. This could indicate that cognitive rehabilitation 
may require different approaches or more time to see im-
provements. One possible reason may be due to the focus of 
the intervention. The robot-assisted gait training in the 
study may have primarily targeted physical aspects of rehab-
ilitation, such as gait function and motor recovery, rather 
than cognitive function assessed by the MMSE. Other than 
that, the characteristics of the patients may have had relat-
ively stable cognitive function at baseline, leading to min-
imal changes in MMSE scores throughout the intervention. 
The duration and intensity of the robot training sessions 
may not have been sufficient to produce noticeable improve-
ments in cognitive function as measured by the MMSE. 
Other than that, the MMSE may not be sensitive enough to 
detect subtle changes in cognitive function that could result 
from the specific type of intervention provided in the study. 

Also, cognitive function can vary widely among stroke pa-
tients, and some individuals may not show significant changes 
in MMSE scores even with interventions targeting physical 
rehabilitation.

As the studies examining psychosocial well-being are 
minimal, more studies are needed to explore the benefits of 
robotics in influencing cognitive function.16 Future studies 
can consider several strategies to address the factors contrib-
uting to cognitive function after robot training in stroke pa-
tients. One such way is incorporating a multidisciplinary 
approach that includes cognitive rehabilitation techniques 
alongside physical rehabilitation. This can involve cognitive 
training exercises, memory tasks, attention exercises, and 
problem-solving activities to target cognitive function dir-
ectly. Customising the robot-assisted gait training program 
to include cognitive tasks or dual-task training that chal-
lenges cognitive functions while engaging in physical activ-
ities will also be beneficial. This dual-task training can help 
improve cognitive-motor interactions and potentially en-
hance cognitive outcomes. Increasing the duration and in-
tensity of the intervention sessions to provide more compre-
hensive cognitive stimulation is another strategy to consider. 
Longer and more frequent training sessions may lead to 
more significant cognitive improvements. Combining cog-
nitive assessment tools to capture a broader range of cognit-
ive functions, such as executive function, attention, memory, 
and processing speed, can provide a more nuanced under-
standing of cognitive changes following the intervention. 
Finally, long-term follow-up assessments should be imple-
mented to track cognitive changes beyond the immediate 
post-intervention period. This can help evaluate the sustain-
ability of cognitive improvements and identify any delayed 
effects of the intervention. By incorporating these strategies, 
researchers and clinicians can potentially enhance the cog-
nitive outcomes of robot-assisted gait training in stroke pa-
tients.

Outcome measures used to assess the psychosocial well-being of patients after treatment with an exoskeleton

Researcher(s) Outcome 
measures Participants Outcome

Bustamante Valles KB, 
et al. 2016 MMSE n = 20 

(IG = 10, CG = 10)
No significant changes were observed (p = 0.41), indicating similar cognitive 
abilities in both groups.

Chua J, et al. 2016 SIS n = 106 
(IG: 53, CG: 53)

A significant improvement over time (p < 0.05) indicated better participation in 
daily activities, but no group differences were found, suggesting both groups 
equally improved the quality of life for stroke survivors.

Jayaraman A, et al. 2019 SSQoL n = 50 
(IG:25, CG:25)

A significant change from pre-treatment to all other time points (p < 0.05) in-
dicates improvements in functional outcomes that could enhance quality of life.

Kim SJ, et al. 2016 MMSE n = 38 
(IG)

No significant changes were observed (p > 0.05), suggesting that while the 
training may improve physical capabilities, it does not necessarily enhance cog-
nitive function.

Table 2. Outcome measures used to assess the psychosocial well-being of patients after treatment with an exoskeleton. 

Comment: MMSE – Mini-Mental State Examination; SIS – Stroke Impact Scale; SSQoL – Stroke Specific Quality of Life Questionnaire; pre-treat-
ment – assessment done before starting the treatment without exoskeleton usage; post-treatment – assessment taken after undergoing treatment with 
exoskeleton usage; CG – Control Group; EG – Experimental Group. 
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6. CONCLUSIONS

Lower limb function is vital in stroke rehab, with tech-as-
sisted gait therapy showing promise. Integrating cognitive 
rehab into robotic training may improve outcomes, support-
ing a multidisciplinary approach.
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