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Speed 

Gait speed is one of the most reported on outcomes in the body of research looking at robotic 

exoskeletons. The majority look at subjects with spinal cord injury (45 articles) followed by 

stroke (26 articles). Most articles were case series, though there were also a number of review 

articles (24) that examined gait speed. Most articles used the 10 Meter Walk Test (10MWT) to 

measure gait speed, with this measure being used in 72% of trials. Of studies that utilized a 

single device, Ekso1.1/GT/NR device, referred to as “Ekso” in this paper, was used the most (33 

articles), followed by ReWalk (8) and Indego (6). 

Spinal Cord Injury (SCI) 

Like most of the research on exoskeletons, the majority of research looking at walking speed is 

completed with patients with SCI.  

There are a few randomized controlled trials (RCTs) that examine gait speed measured outside 

of the exoskeleton, some of which compared exoskeletons to other treatment methods. One 

study randomized participants with chronic incomplete SCI to receive either Ekso (n=9), body 

weight support treadmill training (BWSTT) (n=10), or their normal daily activities (n=6) for 12 

weeks.1 Self-selected gait speed increased by 51% in the Ekso group, 32% in the BWSTT 

group, and 14% in the normal activities group.1 When looking at which group had the most 

responders, meaning those who improved gait speed beyond the Minimal Clinically Important 

Difference (MCID) of 0.15 m/s, the Ekso group was victorious, with 33% reaching that metric, 

compared to 20% in the BWSTT group and 0% in the normal activities group.1 The other RCT 

compared Ekso to conventional gait training. It used seven participants with chronic motor 

incomplete injuries to receive treatment for 15 sessions over 3 weeks. No statistically significant 

difference was found between the two groups in the mean difference between pre and post 

assessments, however, this was complicated by significant between group differences in gait 

speed at baseline.2  

Some studies noted improvement in gait speed outside of a device when comparing testing 

completed pre-exoskeleton intervention to that completed post-exoskeleton intervention. One 

study showed this improvement only in the subgroup that was recently injured and not in the 

chronically injured group.3 Another study of 3 subjects that completed 20 sessions of Ekso 

training improved their velocity from 0.17±0.04m/s to 0.23±0.04m/s, which was a statistically 

significant change.4 Another reported that average gait speed increased by 2.1 times between 

sessions 1 and 12.5 

Some studies, especially those using non-ambulatory subjects, completed gait speed 

assessments while subjects were wearing an exoskeleton. One such study was a crossover 

design that randomized 10 participants with chronic motor complete SCI to receive 10 sessions 

each of gait training with ABLE and with knee-ankle-foot orthoses (KAFOs). There was no 

significant difference between using ABLE and KAFOs in terms of gait speed.6  A case study 

comparing walking with KAFOs and Indego demonstrated the opposite: that walking was 

significantly faster in the Indego, around 0.17 m/s as compared to 0.1 m/s in KAFOs.7 Another 

study was a crossover trial that assigned people to 12 weeks of Ekso or ReWalk walking and 12 
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weeks of usual activity, randomized for which they received first. Most participants improved gait 

speed, with 34% exceeding 0.4 m/s.8  

Studies also reported different speeds that the subjects were able to walk in an exoskeleton. 

Community gait speed was defined as 0.49 m/s.9 Most of these studies utilized participants with 

complete SCI. Studies reported a range of gait speeds in exoskeletons, with most reporting 

speeds between 0.1-0.4 m/s. 10–19 Other studies included speed ranges that were faster than 0.4 

m/s20–22 or slower than 0.1 m/s.23 The fastest speed noted in the literature was 0.71 m/s and was 

tested in the ReWalk.22 One review reported the average speed among all exoskeletons at 0.31 

m/s24, while another reported a slightly slower 0.26 m/s.25 One study broke down speed in the 

Indego by level of injury, with those with motor complete tetraplegia walking at a speed of 0.22 

m/s, those with upper thoracic motor complete injuries walking at 0.26 m/s, and those with lower 

thoracic motor complete injuries walking at 0.45 m/s.26 Level of injury was also shown to impact 

speed of walking in ReWalk, with lower injuries walking at a faster speed of 0.21 m/s and those 

with higher level injuries walking at 0.12 m/s.27 

Some studies examined how walking speed in an exoskeleton changed as participants became 

more proficient and independent at using the device. One study showed a 52% increase in 

speed while walking in the exoskeleton, though this was over 100 hours of training28, while a 

similar dosage in another study only showed a 30% increase in speed.29 When comparing an 

early Ekso walking session (session #4) to a later one (session #20), an increase in walking 

speed was found, however, it was not statistically significant.30 This is directly contrary to 

another study that showed participants walking 3.2 times faster during their 25th training 

session versus session 2, reaching speeds averaging 0.4 m/s by the end of the study.31 

Other studies examined gait speed in or resulting from use of an exoskeleton in combination 

with another treatment method including epidural stimulation.32 Another study looked at Ekso 

use in sequence with lower limb Functional Electrical Stimulation (FES), receiving 20 sessions 

of each in randomized order. In the group that received exoskeleton walking first, 10MWT 

improved by 30% after exoskeleton training, but no further improvement was noted with the 

subsequent FES sessions.33  

There are multiple review articles focusing on people with SCI. Most have mixed results on how 

exoskeleton usage affects gait speed. Some report thatthere is no difference between training in 

an exoskeleton and a control treatment34,35 while others report speed improvements resulting 

from using an exoskeleton.36–39 Others reported improvements either only or more significantly 

in specific subgroups of persons with SCI, such as those with acute injuries.35,39 One review 

compared a wearable exoskeleton to the Lokomat and determined that the probability of the 

wearable device ranking first in improving gait speed was 89%.40 Another review examined 

factors that might influence gait speed in non-ambulatory individuals using an exoskeleton. 

These included age, injury duration, injury level, and number of training sessions, and found that 

more sessions, greater age, and lower level of injury correlated with faster gait speed.25 

Stroke (CVA) 

The research in subjects with CVA measures changes in gait speed as a result of an 

exoskeleton intervention, with outcomes measured without the exoskeleton. This body of 

research begins strongly with six randomized controlled trials, all of which utilize Ekso. With 
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equal training time, 40 subjects were allocated with a 1:1 ratio to receive treatment 5 days a 

week for 8 weeks. Those who received Ekso training met the Minimal Detectable Change 

(MDC) for 10MWT whereas those who received only conventional treatment did not.41 Thirty 

participants with chronic CVA were assigned to receive Ekso or physical therapist aided gait 

training 3 times a week for 8 weeks. The group receiving Ekso gait training improved median 

gait speed by 0.4 m/s whereas the conventional treatment group only improved by a median of 

0.1 m/s.42 Participants with subacute stroke were randomized to receive conventional (n=9) or 

ExoAtlet (n=16) training three times per week for 4 weeks in addition to 5 times a week 

traditional therapy. Median gait speed improved in the ExoAtlet group by 0.28 m/s whereas it did 

not improve in the conventional therapy only group.43 Another article randomized 40 persons 

with chronic stroke with a 1:1 allocation to receive Ekso or conventional training  on all 

weekdays for 8 weeks and demonstrated superiority of the Ekso for increasing gait speed 

measured by the 10MWT.44 All subjects in the Ekso group surpassed the MCID whereas only 

40% of those in the  conventional training group met this metric.44 However, a similar study of 75 

subjects with subacute CVA who received 5 sessions per week for 3 weeks of either Ekso or 

conventional gait training showed improvements in both groups that were not significantly 

different.45 These studies were all completed in a research setting, where dosage was higher 

than what can be expected in an insurance-based healthcare system. The final known 

randomized controlled trial was completed in the rehab setting, where patients with subacute 

CVA of less than 3 months who were unable to walk (Functional ambulation capacity of 0-1) 

were randomized to receive standard physical therapy or Ekso training until discharge, where 

this method was to replace 75% of physical therapy time, which roughly amounted to 3 sessions 

per week for 60 minutes per session. Some of the participants in the Ekso group declined 

further intervention and therefore results were analyzed as-treated, with the Ekso group (n=14) 

reigning superior to the usual care group (n=22) in terms of improving gait speed between 

discharge and 6-month follow-up.46 

Another study completed in the setting of inpatient rehabilitation examined 14 subjects with 

moderate to severe CVA who received both standard of care and Ekso training and found that 

12 participants showed improvement with gait speed measured by the 10MWT. 47 There was a 

moderate correlation between number of robotic sessions and change in speed.47 

While not conducted in a rehabilitation setting, there are a few other studies that employed a 

smaller dosage of robotic training. One of these used Indego in a clinical setting for four 

sessions over two weeks in 8 patients with acute stroke and 30 with chronic stroke. Walking 

speed for the chronic group significantly increased from 0.16±0.54 m/s to 0.26±1.59 m/s.48 A 

similar increase was seen in the acute group, improving from 0.13±1.09 m/s to 0.24±1.16 m/s.48 

Another study looked at changes resulting from a single session of walking in Ekso using a 

motion capture system and showed that 6 participants with chronic CVA improved speed by 

0.01 m/s, which is a small, insignificant change.49 

The remainder of the research using subjects post stroke is completed in a research setting, 

mostly with a pre-post design. Some studies showed positive improvements when comparing 

baseline to post-intervention. One such study utilized 46 patients with strokes that occurred 2 

weeks to 6 months before and assigned them to use Ekso for an average of 15±2 sessions over 

3 to 5 weeks. Thirty-two participants were ambulant at the study start and these participants 

improved their gait speed measured by 10MWT significantly from 0.31±0.22 m/s to 0.46±0.25 
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m/s.50 A study with slightly shorter dosage of 12 Ekso sessions offered 3 times per week for 

persons with subacute (n=12) and chronic (n=11) stroke showed significant change in walking 

velocity from baseline to conclusion of all Ekso sessions in both the subacute and chronic 

subgroups.51 A small study of 2 patients with acute CVA who walked for 30 minutes, three times 

a week for 10 weeks in Ekso showed improvement of walking speed by 0.74 and 1.0 m/s.52  

Other studies, however, showed no significant changes between baseline and post-intervention. 

A study that showed no significant change tested 8 subjects who were able to walk without 

assistance prior to 15 sessions of Ekso training over 3 weeks. The average change in gait 

speed was 0.22±0.34 m/s with a p value of 0.11, which is approaching significance.53 Another 

study showing no change in gait speed had subjects complete 12.6±1.95 sessions of Ekso 

walking over 25.6±12.1 days.54 

One study looked at exoskeletons as part of a high intensity technology assisted training 

program for persons post CVA. Fourteen patients exercised for 12-21 days, receiving between 

28-82 technology-assisted sessions and improved their average gait speed from 0.40 to 0.47 

m/s.55 

There are also a number of review articles that comment on gait speed in persons with stroke. 

Some reviews showed that exoskeletons improve gait speed at end of intervention56–58, while 

others did not show significant differences at end of intervention59,60 or at follow up.56,57,59 Other 

reviews reported on mixed results of the individual studies included and did not determine a firm 

conclusion as to whether gait speed is significantly affected by use of an exoskeleton.61 When 

different treatment methods were compared, one review concluded that the best at improving 

gait speed was conventional therapy plus body weight support training plus robotic gait 

training62 while another article stated that it was a combination of robotic assisted training and 

virtual reality.63 Another review noted that over ground exoskeletons resulted in a faster gait 

velocity, whereas treadmill-based devices resulted in no difference in relation to controls.58 

Multiple Sclerosis (MS) 

Only a few articles exist on how exoskeletons can impact speed in persons with MS. Two of 

these are randomized controlled trials. The first is a small study of four subjects with relapsing-

remitting MS who were randomized to either complete eight sessions of gait training using Ekso 

or conventional therapy. When tested with the Timed 25 Foot Walk (T25FW), the Ekso group 

(n=18) improved by 15% while the control group improved only by 8%.64 The other study had all 

36 participants complete weekly 1-hour physical therapy sessions over 3 months, with the Ekso 

group receiving an additional 2 sessions per week of exoskeleton training. Results showed that 

the control group increased the time it took to complete the 10MWT by an average of 1.22 

seconds, which was statistically significant, while the Ekso group increased by an average of 

0.59 seconds, which was not statistically significant.65 This suggests that exoskeleton walking 

could preserve gait function as opposed to the typical decline we expect to see with MS. 

Other studies, while not all controlled, also agreed that treatment with an exoskeleton either 

increased gait speed in persons with MS or prevented the slowing of gait speed typical in this 

diagnosis. A retrospective study examined 20 patients who either received treatment with Ekso 

or traditional gait training. These participants were matched for age, sex, duration of disease, 

and Expanded Disability Status Scale (EDSS). Only in the group receiving Ekso did the gait 
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speed measured by 10MWT significantly improve by 0.85 seconds versus a 0.68 second 

decline in the control group.66 Fourteen individuals with EDSS from 5 to 6.5 (disability affects full 

daily activities, can walk 20-200m without resting, may use walking aid) completed 15 sessions 

of Ekso over three weeks and showed significant increase in gait speed from baseline, 0.7 m/s, 

to completion of Ekso sessions, 0.87 m/s, measured by T25FW.67 Another study used 10 

subjects with more severe disability, EDSS between 6-7.5, which means that at minimum, they 

require a walking aid or they utilize a wheelchair but can self-propel. They walked for 15 

sessions in the Ekso over three weeks and during this time, gait speed measured with the 

T25FW improved from 0.35±0.18 m/s to 0.42±0.23 m/s, which was statistically significant.68 

Interestingly, another study with a longer intervention of 3 times walking in ReWalk per week for 

8 weeks, only had 5 of 13 participants complete the protocol and none improved on speed.69 

One review focused on subjects with MS and reported that robotic treatment had a positive 

effect on gait speed, though these findings were not significantly different than those reported 

from conventional therapy.70 Another review showed significant improvement after robotic 

intervention with regard to walking velocity.61 

Acquired Brain Injury 

Only three articles exist that specifically focus on subjects with ABI and two primarily focus on 

spatiotemporal characteristics of gait but did measure speed via a Zeno walkway. In one study 

comparing two individuals with ABI and one reference healthy control, walking with Ekso for 2-3 

days per week for four weeks as an outpatient resulted in increased walking speed for the ABI 

group outside of the exoskeleton, though it was still slower than the healthy control.71 The other 

article used a similar frequency of treatment at three times per week of Ekso walking over four 

weeks. Seven subjects completed the protocol, and five of those improved their gait speed from 

baseline to completion of the intervention.72 A case study participant who underwent four weeks 

of Ekso training improved his gait speed from 0.68 m/s to 0.74 m/s.73 

Review Articles 

One review article examined older adults with a variety of diagnoses that utilized different 

exoskeletons. Maximum walking speed and self-selected gait speed increased after 

exoskeleton training.74 

Conclusion 

While there are many articles that assess gait speed either in or resulting from an exoskeleton, 

results are not consistent. Most articles report an improvement in gait speed from using an 

exoskeleton, and none noted a worsening of gait speed, with the exception of articles examining 

persons with MS who worsened less so than controls. Inconclusive results may have been due 

to different exoskeleton devices being used and varying dosage of intervention.  
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ABI = acquired brain injury, CVA = stroke, MS = multiple sclerosis, SCI = spinal cord injury  

 

 


