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Abstract

:

Medical robotics nowadays can prevent, treat, or alleviate numerous severe conditions, including the dire consequences of stroke. Our objective was to determine the effect of employing a robotic soft exoskeleton in therapy on the development of the early mobilization, gait, and coordination in stroke patients. The ReStore™ Soft Exo-Suit, a wearable exosuit developed by a leading company with exoskeleton technology, was utilized. It is a powered, lightweight device intended for use in stroke rehabilitation for people with lower limb disability. We performed a randomized clinical intervention, using a before–after trial design in a university hospital setting. A total of 48 patients with a history of stroke were included, of whom 39 were randomized and 30 completed the study. Interventions: Barthel Index and modified Rankin scale (mRS) patients were randomly assigned to a non-physical intervention control (n = 9 of 39 completed, 30 withdrew before baseline testing), or to a high-intensity agility program (15 sessions, 5 weeks, n = 30 completed). The main focus of assessment was on the Modified Rankin Scale. Additionally, we evaluated secondary factors including daily life functionality, five dimensions of health-related quality of life, the Beck depression inventory, the 6 min walk test (6MWT), the Berg Balance Scale (BBS), and static balance (center of pressure). The Robot-Assisted Gait Therapy (ROB/RAGT) program led to significant improvements across various measures, including a 37% improvement in Barthel Index scores, a 56% increase in 10 m walking speed, and a 68% improvement in 6 min walking distance, as well as notable enhancements in balance and stability. Additionally, the intervention group demonstrated significant gains in all these aspects compared to the control group. In conclusion, the use of robotic therapy can be beneficial in stroke rehabilitation. These devices support the restoration and improvement of movement in various ways and contribute to restoring balance and stability.






Keywords:


robotic therapy; stroke rehabilitation; robot-assisted exercise












1. Introduction


In recent years, the use of technology-based neuro-rehabilitation approaches has increased to meet high demand resulting from the rising number of stroke victims [1,2]. Medical robotics nowadays plays a crucial role in preventing, treating, or alleviating numerous severe conditions, assisting in surgeries, hospitals, or rehabilitation [3,4,5,6]. Stroke, one of the most frequently occurring diseases worldwide, often leads to permanent disability [7]. The condition is caused by the death of brain cells due to the blockage of a blood vessel supplying the brain (ischemic stroke), or bleeding into or around the brain (hemorrhagic stroke) [8,9]. This interruption results in not receiving fresh oxygenated blood in certain parts of the brain, leading to the death of neurons in that region, which is a primary contributor to long-term disabilities. Following a stroke, the effects are almost immediate and vary depending on the extent of damage within the brain. Common symptoms include sudden numbness, weakness, or paralysis on one side of the body, or more severely, on both sides. These symptoms may manifest as a weakened arm, leg, or eyelid; challenges in speaking or understanding speech; sudden blurred or lost vision; particularly in one eye; dizziness; confusion; instability; and/or severe headaches [7,10]. More than half of stroke survivors experience some degree of lasting hemiparesis or hemiplegia due to damage of the neural tissues, rendering them unable to perform daily activities without assistance [8,10,11].



A large number of lower limb exoskeletons have been developed over the years, usually with the purpose of assisting or augmenting human walking [1,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28]. Some exoskeletons are stationary, mounted above treadmills and used to provide gait retraining or rehabilitation for persons with disabilities or injuries. Other exoskeletons are mobile, and those can be used either to support the full body weight of an individual or to provide partial assistive forces [29]. Devices in the former category are intended to be used by paralyzed individuals, enabling them to walk in the case where they were previously unable to do so. In the latter category, exoskeletons providing partial gait assistance can be used either by disabled individuals for rehabilitation or gait augmentation, or by healthy individuals to improve strength or endurance [30].



The aim of this research was to assess the importance of robotic technology by comparing Robot-Assisted Gait Therapy (ROB) with standard therapy treatment (STT) in stroke rehabilitation. In the ROB case, we employed robotic devices to aid patients’ motor rehabilitation targeting the limbs (Figure 1). In the STT group, we helped rehabilitation with traditional techniques. This research is expected to illuminate the efficacy of robotic treatment in stroke rehabilitation. The results can contribute to faster, more intensive rehabilitation of patients and improve the quality of their life after a stroke.




2. Materials and Methods


We performed a multisite, interventional, non-comparative study to evaluate the efficiency of a lower limb robotic device in subjects with hemiplegia/hemiparesis due to ischemic or hemorrhagic stroke. We used the ReStore Soft Exo Suit (Figure 2), an exoskeleton robot designed for the post-stroke rehabilitation of gait (ReWalk, Fototronic Ltd., Budapest, Hungary) [31,32]. The ReStore system has been cleared (CE marked in the EU as a medical device) for functional training, supported by its sensory data-driven force/torque control.



2.1. Participants and Design


Patient inclusion criteria were as follows: first occasion of ischemic stroke diagnosed by a neurologist based on CT or MRI scans; elapsed time after stroke of 2 to 4 weeks; mobility and postural limitation determined by neurologic examination; and a Modified Rankin Scale (mRS) score of 2 or higher. Exclusion criteria included a history of multiple strokes; systolic resting blood pressure (sRBP) less than 120 or greater than 160 mmHg; orthostatic hypotension; carotid artery stenosis; severe heart disease; hemophilia; traumatic brain injury; seizure disorder; uncontrolled diabetes; abnormal electroencephalography; Mini Mental State Examination score less than 22; abnormal blood panel; use of sedatives; irregular medication schedule; serious aphasia (Western Aphasia Battery, 25); serious visual or hearing impairments; serious sensory dysfunction; serious orthopedic problems; neurologic conditions affecting motor function (PD, multiple sclerosis, multiple system atrophy, Guillain–Barré syndrome); alcoholism; recreational drug use; smoking after stroke diagnosis; inability to walk a minimum of 100 m with or without a walking aid in 6 min; Berg Balance Scale (BBS) score of 32 or less; Barthel Index (BI) score of 70 or less; inability to understand verbal instructions or prompts from a television screen; or current participation in a self-directed or formal group exercise program other than standard physical therapy. The 30 participants who had previously experienced a stroke were divided into two groups: a Robot-Assisted Gait Therapy (ROB, n = 15) group and a Standard Therapy (STT, n = 15) group. There were no significant differences in demographic and baseline data of the patients. The mean age of the participants was approx. 65 years. Most strokes occurred in the left hemisphere. Participants signed a written informed consent. The Institutional Research Ethics Committee approved the study protocol (IKEB2021/10), which was registered as a clinical trial (NCT05300867). All patients were cared for in the acute part of the neurological department.



We started patient treatment in the subacute state under hospital conditions. All patients remained in the rehabilitation ward until the end of the treatment. This study followed a pre–post–follow-up design. The participants were assessed at three different time points: pre-intervention (baseline), post-intervention (immediately after the intervention), and follow-up (a certain period after the intervention). In the Robot-Assisted Gait Therapy (ROB), patients received standard therapy with robotic treatment. In the Standard Therapy Treatment (STT), we used only standard therapy. The research was carried out in three stages. The first assessment occurred sub-acutely on the 5th day after the initial treatment. The second examination was scheduled for 15 working days later, followed by a third follow-up evaluation five weeks after the initial treatment.



Notably, all assessments were conducted without the use of the robotic device. For the 6 min walk test, both groups were evaluated, encompassing patients who received robotic treatment as well as those who underwent physiotherapy. The robotic treatment protocol was as follows: before the fitting of the robotic device, there was a 5 min warm-up session that included joint mobilization and passive movements as needed. Following the fitting, there was a 5 min warm-up walk with robotic assistance, designed to encourage patient cooperation with the robot for seamless operation. The main session consisted of a 10 min dimensional walk (along a line), during which the patients maintained a pulse rate between 110 and 130, monitored with a Polar watch. This took place along a 100-meter-long corridor. Subsequently, there were five sets of 2 min obstacle avoidance/slalom walks on a 20-meter-long course. Here, there was one-meter space between each pair of obstacles, and for every 2 min of walking, there was one minute of rest. The aim was to complete the slalom walk as swiftly and accurately as possible.



Finally, there was a 6 min period of weight-bearing exercise on a 100-meter-long track. This entailed 50 m of brisk walking followed by 50 m of relaxed walking. During the rest periods, the robot was dismounted for 5 min, followed by a 10 min stretching session. The physiotherapy treatment protocol mirrored that of the robotic treatment, with the same warm-up and fitting procedures. The main session, too, followed the same structure, including the dimensional walk, obstacle avoidance/slalom walks, and weight-bearing exercise.




2.2. Outcomes


2.2.1. Primary Outcomes


The mRS and Barthel Index were employed as the primary outcome measures to assess functional status and activities of daily living in stroke survivors. The mRS demonstrated significant improvement across all intervention groups. Specifically, the Robot-Assisted Gait Therapy (ROB) group exhibited a substantial decrease in mRS scores, indicating enhanced functional independence post-treatment. The Standard Therapy Treatment (STT) group also exhibited notable improvement in mRS scores post-intervention, with a trend towards further amelioration at follow-up. While the effect size was comparatively smaller than in the ROB case, the improvement remained clinically significant. In concurrence with mRS results, the Barthel Index demonstrated substantial improvement across all intervention groups. The ROB group displayed a remarkable increase in Barthel Index scores at post-treatment, indicative of enhanced activities of daily living. This improvement was sustained at follow-up.




2.2.2. Secondary Outcomes


The Berg Balance Scale was employed to assess postural control and balance. The ROB group demonstrated a substantial improvement in Berg Balance Scale scores post-intervention, surpassing the improvements observed in the STT group. These improvements remained stable at follow-up, indicating sustained enhancement in postural control. The 10 m maximal walking speed test provided objective measures of mobility and gait. The ROB group exhibited a substantial improvement in walking speed post-intervention, with a further enhancement observed at follow-up. The ROB group exhibited remarkable improvements in distance walked during the 6 MWT, indicating enhanced endurance levels. These improvements were sustained at follow-up. The STT group exhibited a modest improvement in 6 MWT distance post-intervention, with a trend towards further enhancement at follow-up. The secondary outcome measures corroborated the positive effects observed in the primary outcomes, underscoring the efficacy of the respective interventions in enhancing functional recovery and mobility in stroke survivors.





2.3. Intervention


Patients assessed using the Barthel Index and mRS Scale were randomly assigned to either a non-physical intervention control group (n = 9 out of 39 completed, 30 withdrew before baseline testing), or a high-intensity agility program (15 sessions over 5 weeks, n = 30 completed). Both groups began with joint warm-up exercises and passive stretching as necessary (5 min), followed by slow walking to prepare the muscles and body for the subsequent activity (5 min). Each session concluded with 10 min of stretching for both groups (Figure 1).



2.3.1. Robot-Assisted Gait Therapy (ROB) Group


In the ROB group, the donning/mounting of the robotic device took 5 min. The system recorded the movement pattern of the non-involved (non-paretic) side. Two servo motors generated plantarflexion and dorsiflexion of the involved ankle through connector cables. Patients walked with the wireless control unit affixed to their waist with a belt, which housed two batteries to power the robot. The actuators with motion sensors were strapped to the shank of each leg. Ankle plantarflexion and dorsiflexion would be online (real time with Bluetooth)- configured and the state of walking balance was displayed on the control unit’s screen. Based on the patient’s gait pattern, the therapist could adjust dorsiflexion and plantarflexion assistances independently. After the proper mounting of the device, the next step was a 5 min warm-up walk with robotic assistance—the goal was to teach the patient to work together with the robot and to be able to work smoothly. Patients, escorted by a therapist, walked for 10 min at a heart rate of 110–130 b × min−1 in a 100-meter-long hallway. They also performed 10 min of slalom walking around obstacles placed ~1 m apart over a 20-meter-long course, with 1 min of rest after each 2 min. The aim was to walk as rapidly and safely as possible. Finally, patients walked for 6 min alternating high- vs. low-intensity walking for 50 m. At the end of the session, patients sat down and the robot was taken off in about 5 min.




2.3.2. Standard Therapy Treatment (STT) Group


In the STT group, participants received standard therapy treatment, which consisted of traditional rehabilitation techniques. This therapy encompassed a range of exercises targeting various aspects of movement recovery, functional ability, and mobility. The objective of the treatment was to enhance the participants’ condition and functional abilities to mitigate the effects of the illness or injury. The control (CON) group underwent standard care as prescribed by the government, which entailed 30 min of daily group exercises while seated, and 30 min of individual physical therapy involving walking and balance exercises at local clinics. Seated exercises aimed to strengthen upper extremity and trunk muscles through movements such as lifting, lowering, and rotating medicine balls and weighted sticks. Standing exercises targeted lower extremity function, encompassing various stepping variations (forward, backward, and diagonally while standing on one leg); weight shifting; coordination exercises with arm movements while walking with or without sensory aids; and squatting movements with arm support on a backed chair to reinforce the lower extremity extensor mechanism. Following the exercise sessions, each participant in both groups received a 20 min medical massage of the lower extremities. Participants were instructed to log their symptoms, which were reviewed by therapists daily, and were advised not to modify their diet, medication, or physical activity habits throughout the study period.





2.4. Statistical Analyses


Data were reported as mean ± SD or median and interquartile ranges. An a priori power analysis using G*Power with the following input parameters was conducted to obtain medium-sized Group × Time interaction for distance walked over six minutes: effect size of f = 0.25; type I error of 0.05; type II error of 0.80; two groups; three measurements moments; and a correlation of r = 0.50 among groups [1]. These analyses were based on prior data [8,9]. Our analyses revealed a total sample size of ~33, i.e., 16–17 participants per group before an expected dropout of 20%.



The two groups’ baseline characteristics were compared with an independent t-test. The main analysis was a Group (ROB, STT) by Time (pre-intervention, post-intervention, and follow-up) analysis of variance with repeated measures on Time, followed by Tukey post hoc contrasts. These changes were further characterized via Cohen’s effect size (Cohen’s d values ≤0.49 indicate small, 0.50 ≤ d ≤ 0.79 medium, and ≥0.80 large effect sizes) [10]. Ordinal data or data not normally distributed were analyzed with non-parametric analyses. For these variables, we performed Friedman tests to determine the effects of the interventions on outcome over time. Kendall’s W quantified the effect size. A significant Friedman test was followed by a Wilcoxon test as a post hoc analysis to determine whether changes from pre-intervention to post-intervention, and post-intervention to follow-up were significant. The effect size for these within-group changes were computed through the test of probability of superiority for dependent samples (PSdep; a value of 0 or 1 denotes maximal, a value of 0.5 denotes an effect size of zero) [11]. Between-group differences at pre-intervention, post-intervention, and follow-up were assessed using the Mann–Whitney Test and the effect size characterized by η2 (η2 = 0.01: small effects; η2 = 0.06: medium effects; η2 = 0.14: large effects. To determine whether the robotic intervention affected the distance walked with and without wearing the robot in ROB, we performed a Condition of walking (robot, no robot) by Time (pre-intervention, post-intervention, follow-up) analysis of variance with repeated measures on both factors. The level of significance was set for all analyses at p < 0.05.





3. Results


3.1. Baseline Characteristics


Table 1 shows the descriptive data for the two groups. There were no differences between the groups in descriptive characteristics at baseline (all p > 0.05). Each group had 11 males of the 15 PwST enrolled. Over 70% of strokes occurred in the left hemisphere in each group. Nearly 70% of PwST smoked and 25% reported high levels of alcohol consumption in each group. Hypertension (9/30 PwST), ischemic heart disease (5/30), and diabetes (4/30) were the most frequent co-morbidities.




3.2. Intervention Effects


Table 2 shows the intervention effects. There were no differences between the two groups in any of the variables at baseline (all p > 0.05).




3.3. Primary Outcome


The Friedman test revealed that ROB improved the MRS median scores (Table 2, Friedman χ2 = 27.8, Kendall’s W effect size = 0.93). Post hoc analyses showed that the 2-unit pre- to post-intervention improvement by ROB was significant (Wilcoxon post hoc test, p = 0.001, PSdep effect size = 0.99), and the additional 1-unit improvement at follow-up was significant (p = 0.008, PSdep effect size = 0.79). The Friedman test revealed that STT improved the MRS median scores (Table 2, Friedman χ2 = 25.2, Kendall’s W effect size = 0.84). Post hoc analyses revealed that the 1-unit pre- to post-intervention improvement by STT was significant (p = 0.001, PSdep effect size = 0.78), but did not change further by follow-up (p = 0.180, PSdep effect size = 0.50). The Mann–Whitney test did not show between-group differences at post-intervention (U = 67.5, p = 0.061, η2 = 0.38). The 1-unit between-group difference at follow-up was significant (U = 39.0, p = 0.002, η2 = 0.93).




3.4. Secondary Outcomes


The Friedman test revealed that ROB improved Barthel Index median scores (Table 2, Friedman χ2 =27.4, Kendall’s W effect size = 0.912). Post hoc analyses showed that the 20-point pre- to post-intervention improvement by ROB was significant (Wilcoxon post hoc test, p = 0.001, PSdep effect size = 0.97), and this improved score did not change further at follow-up (p = 0.157, PSdep effect size = 0.48). The Friedman test revealed that STT improved the Barthel Index median scores (Table 2, Friedman χ2 = 27.1, Kendall’s W effect size = 0.90). Post hoc analyses revealed that the 10-point pre- to post-intervention improvement by STT was significant (p = 0.001, PSdep effect size = 0.851), but did not change further during follow-up (p = 0.059, PSdep effect size = 0.44). The Mann–Whitney Test showed that the two groups differed by 10 points at post-intervention (U = 37.0, p = 0.001, effect size η2 = 0.78), and ROB was still 5 points higher (improved) than STT at follow-up (U = 22.5, p = 0.001, effect size η2 = 0.1.06).



Berg Balance Scale scores revealed a Group by Time interaction (F = 10.5, p < 0.001, η2 = 0.27, Table 2). ROB improved by 7.2 (±3.86, 37% ±20, d = 2.21) vs. STT which improved by 2.7 points (±2.31, 14% ±13, d = 0.91, both p < 0.001), and this 4.5 points (23%) improvement difference was significant (d = 1.16, Tukey post hoc, p < 0.05). These improvements did not further change at follow-up (p > 0.05), and the 4.2 points between-group difference at follow-up was significant (p < 0.05, d = 1.38). The 10-m maximal walking speed data revealed a Group by Time interaction (F = 6.7, p < 0.002, η2 = 0.20, Table 2). ROB improved 10 m walking speed by 0.57 m/s (±0.30, 56% ±31, d = 2.36). STT improved 10 m walking speed by 0.28 m/s (±0.22, 27% ±22, d = 1.40, both < 0.001). This 0.28 m/s improvement difference was significant (p < 0.001, d = 1.12). The 0.11 m/s (d = 0.53) faster gait in ROB vs. STT was still significant at follow-up (p < 0.05).



The 6MWT data revealed a Group by Time interaction (F = 34.9, p < 0.001, η2 = 0.56, Table 2). In the 6MWT, ROB improved by 96 m (±37, 68% ±32, d = 3.69), and STT improved by 32 m (±26, 23% ±20, d = 1.35, both p < 0.001); these improvements did not change significantly during follow-up (ROB: 8% ±11; STT: 3% ±10, both p > 0.05). Figure 2 shows that the 6MWT distance walked with, vs. without, wearing the robot was 93 m longer at post and 111 m longer at follow-up in ROB (both p < 0.001). Sway while standing with a wide stance and eyes open improved similarly in the two groups at post (3.6 cm ±3.99, 28% ±36, Time main effect, F = 24.6, p < 0.001, η2 = 0.47, Table 2), and these improvements were maintained at follow-up. Sway while standing with a wide stance and eyes closed improved similarly in the two groups at post-intervention (3.0 cm ±5.33, 18% ±45, Time main effect, F = 7.9, p < 0.001, η2 = 0.22, Table 2), and these improvements did not change at follow-up. Sway while standing with a narrow stance and eyes open improved similarly in the two groups at post-intervention (1.9 cm ±5.12, 9% ±42, Time main effect, F = 4.6, p < 0.014, η2 = 0.14, Table 2), and these improvements did not change at follow-up. Sway while standing with a narrow stance and eyes closed did not change in any group, neither at post-intervention, nor at follow-up (all p > 0.05, Table 2). Figure 2 depicts the effects of standard rehabilitation coupled with robotic training on the distance walked during six minutes with (filled symbols) and without robot (open symbols). The two conditions of walking (robot, no robot) interacted with time (F = 50.4, p = 0.001, η2 = 0.79). In the condition of walking with the robot, PwST (n = 15) walked 181 m (±42) or 123% (±50) further (p < 0.001) after the robotic intervention (post, d = 7.1). After a 5-week no-intervention follow-up, they walked 35 m (±22) or 10% (±7) further (d = 1.2, p = 0.011). When the same PwST were tested for the distance walked without the robot, they also walked 96 m (±37) or 68% (±32) further (post, d = 3.7, p = 0.001), and they maintained this gain but did not further increase it at follow-up (d = 0.6, p = 0.281). At post-intervention, the difference in distance walked between the two conditions was 93 m (d = 3.4, p = 0.001). At follow-up, the between-condition difference in distance walked was 111 m (d = 3.9, p = 0.001), as presented in Figure 3.





4. Discussion


This study compares the effects of incorporating soft exoskeletons in stroke rehabilitation using robotic-assisted therapy (ROB) and standard therapy treatment (STT). The results demonstrate significant improvements in mobility, balance, and overall functional abilities of those stroke patients who underwent ROB. Both ROB and STT led to improvements in the primary outcome measure, as indicated by the significant increase in MRS median scores. However, at follow-up, the improvement in the ROB case was advancing, while STT’s improvement remained stagnant.



In addition to the primary outcome, both groups experienced enhancements in secondary outcome measures, including Barthel Index median scores, Berg Balance Scale scores, the 10 m maximal walking speed, 6 MWT distance, and sway. Interestingly, ROB outperformed STT at follow-up, with a sustained 5-point higher improvement in Berg Balance score. Moreover, the 10 m maximal walking speed improvement difference remained significant in favor of ROB both at pre- and post-assessment, and follow-up. Notably, the 6 MWT distance walked with the soft exoskeleton was much greater at both post-assessment and follow-up, showing the potential long-term benefits of incorporating exoskeletons. Sway measures exhibited consistent improvements in both groups at post-assessment, which persisted during the follow-up period. However, Sway NEC showed no change in either group at post-assessment or follow-up. These findings emphasize the value of integrating soft exoskeletons like ROB into comprehensive stroke rehabilitation programs, offering lasting improvements in motor skills and daily activities. Rehabilitation with exoskeletons aimed to improve gait in patients with neurological diseases is a hot topic. Previous research has already proven that robotic exoskeletons are very useful in rehabilitation after stroke [8,9,10,14]. Contrary to the findings of another study analysis [27], in our study, there was a significant positive outcome using robotic exoskeletons, highlighting the benefits on the 6 MWT.



Based on our research, it can be said that exoskeletons physically strengthen the force and stability of patients, support their joints, and can contribute to restoring or improving their ability to move. Exoskeletons enable intensive and more effective therapy for patients after stroke. The devices allow patients to experience a sense of movement and independence, which can improve their self-confidence. As a result, they can be more motivated in the rehabilitation process and put more effort into relearning and recovery [33,34,35]. Current research is focused on improving functional ambulation using exoskeletons to improve safe community ambulation [27]. As an aim, our study focused on the use of exoskeletons in neuro-rehabilitation departments. Robotic therapy treatment in these departments is useful, because we can follow the patients’ progress better and there is more time to get used to the exoskeleton. Some other studies focused on exoskeletons’ long-term effects [36]. We tried to explore exoskeletons in the early rehabilitation after stroke; we obtained similar results as in another study [37], the post-intervention results showed improvements with both standard therapy and robotic therapy, but the latter had a higher impact on the mentioned results. However, considering follow-up results, only the robotic therapy showed a progressive tendency. Similar incremental benefits have been reported in other studies as well [38,39,40].



These research outcomes are considered significant from the regulatory point of view as well, since the new Medical Device Regulation (MDR) in the EU explicitly makes post-market surveillance and outcome-monitoring compulsory for medical device manufacturers [41,42,43], and there are similar challenges posed by the U.S. Food and Drug Administration [44].



When using robot treatments in everyday practice, there are many things which need attention. For example, the robot device must fit the patient’s body properly to be effective. Because body sizes and types are each unique, there can be challenges in achieving optimal fixation and fit. If the device is not properly fitted or fixed, it cannot adequately support and guide the patient’s movement. Robotic devices may sometimes require complex settings or ongoing maintenance to function properly. Device management and maintenance may require additional time and resources from therapists and patients. The aim of this research was to investigate the effectiveness of exoskeletons in the gait rehabilitation of patients after stroke. Nowadays, many new therapies are used in stroke rehabilitations. In the future, it will be an interesting research topic to examine the beneficial effects of these therapies and to compare them.



Moreover, as has been seen with other robotic therapeutic or interventional robotic devices [3,45,46], the overall cost and complexity of maintenance has been an inhibiting factor regarding clinical application. Supporting evidence for clinical outcome significance remains a main goal of treatment solution providers.




5. Limitations


The main limitation of this research is that it was conducted with a relatively small number of patients. With larger groups the level of significance increases, which leads to fewer errors in terms of quantity and quality. For example, it could be stated with greater certainty that the more effective improvement in the robotic rehabilitation therapy group is not just coincidental.



The other limitation is that we examined only a short follow-up period. In addition, we do not have knowledge on the long-term outcomes yet, and do not know the duration of the benefits.




6. Conclusions


The use of robotic therapy treatment can be useful in the rehabilitation of post-stroke patients. Stroke can often cause paralysis or weakness on one side of the body. Robotic treatment can help restore movement in affected limbs. These devices allow patients to begin a range of motion exercises earlier, even if they lack sufficient muscle strength or stability. Robotic therapy contributes to rapid, intensive recovery, while increasing the patients’ self-confidence and improving the quality of their everyday life.
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Figure 1. Prisma flow chart of the study conducted to assess the efficacy of a robotic rehabilitation system. 
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Figure 2. The overview of the ReStore Soft Exo Suit, ReWalk system (Image credit: ReWalk Robotics). 
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Figure 3. Key outcome of robotic rehabilitation support—the distance patients were able to walk with robot assistance. 
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Table 1. Descriptive characteristics of the two groups of patients.
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Variable

	
ROB

	
STT




	

	
Mean

	
±SD or n

	
Mean

	
±SD or n






	
N (males)

	
15

	
11

	
15

	
11




	
Age, y

	
64.8

	
5.89

	
64.7

	
7.16




	
Height, m

	
1.76

	
0.06

	
1.75

	
0.07




	
Mass, kg

	
80.7

	
11.93

	
82.0

	
9.23




	
BMI, kg·m−2

	
25.9

	
3.26

	
26.8

	
3.15




	
Days after stroke

	
5

	
0.00

	
5

	
0.00




	
Stroke location, n

	

	

	

	




	
   Left hemisphere

	
11

	

	
10

	




	
   Right hemisphere

	
3

	

	
3

	




	
   Cerebellum

	
1

	

	
2

	




	
Smoking, n

	

	

	

	




	
   Yes

	
11

	

	
9

	




	
   No

	
4

	

	
6

	




	
Alcohol, n

	

	

	

	




	
   Yes

	
4

	

	
4

	




	
   No

	
11

	

	
11

	




	
Comorbidities, n

	

	

	

	




	
   Atherosclerosis

	
0

	

	
1

	




	
   Diabetes

	
2

	

	
2

	




	
   Fibrillation

	
1

	

	
0

	




	
   Gastroenteritis

	
1

	

	
0

	




	
   Hyperchol.

	
1

	

	
0

	




	
   Hypertension

	
2

	

	
7

	




	
   Ischemic HD

	
3

	

	
2

	




	
   Rheumatoid a.

	
1

	

	
2

	








ROB, Robot-Assisted Gait Therapy group; STT, Standard Therapy Treatment group; BMI, Body Mass Index; Hyperchol., hypercholesterolemia; Ischemic HD, ischemic heart disease; Rheumatoid a., rheumatoid arthritis.













 





Table 2. Intervention effects on primary and secondary outcomes.
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Pre

	

	
Post

	

	
Follow-Up

	




	
Variable

	
Group

	
Mean

	
±SD

	
Mean

	
±SD

	
Mean

	
±SD






	
Primary outcome

	

	

	

	

	

	

	




	
MRS (Md, IQR)

	
ROB

	
4.0

	
1.00

	
2.0

	
0.00

	
1.0

	
1.00

