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Strength 

Some research articles include strength as a secondary outcome measure when examining use 

of exoskeletons. There is almost an even split between papers that recruited participants with 

stroke (10) and spinal cord injury (8). Most articles are a pre-post design where outcomes were 

tested in one group of participants before and after intervention. While some articles, especially 

review articles, included multiple types of exoskeleton devices, the papers that only looked at 

one device evaluated exclusively the Ekso1.1/GT/NR device, referred to as “Ekso” in this paper. 

Strength is measured in different ways in these studies, with the most common outcome 

measures including the Motricity Index (MI), Lower Extremity Motor Score (LEMS), Manual 

Muscle Test (MMT), and Fugl-Meyer. 

Studies Completed in Inpatient Rehabilitation 

One study included patients in an inpatient rehabilitation facility who had recent strokes (CVA) 

or spinal cord injuries (SCI). Twenty-five patients used the Ekso an average of 4.5 sessions 

(range: 2-13) during their average 38.5 day rehabilitation stay. MMT was completed throughout 

upper and lower extremities and several changes between baseline and discharge strength 

were significant for some muscles, primarily in the lower extremities.1 Muscle groups that 

increased significantly in strength bilaterally were hip flexors, knee extensors, ankle dorsiflexors, 

and ankle plantarflexors.1 In this study sample, the average left leg strength was lower than the 

right, and therefore additional muscle groups showed significant changes only on the left side.1 

These included the hip abductors and hip flexors.1 Another study was completed in inpatient 

rehabilitation with participants with SCI. This retrospective study compared 10 subjects who 

received Ekso as part of their normal 15 hours of therapy per week and 20 historical matched 

controls. Changes in Upper Extremity Motor Scores (UEMS) were higher in the intervention 

group although this change was not statistically significant from the controls.2 There was greater 

improvement in the LEMS in the intervention group (14.3±10.1) that was significantly greater 

than the control group (4.6±6.1).2 This difference in LEMS score was still significant once days 

of inpatient stay were controlled for.2 A Canadian study where subjects post-CVA who were 

unable to walk without substantial assistance were randomized to receive either exoskeleton 

based training or standard physical therapy for 75% of their standard physical therapy sessions 

showed that those treated with an exoskeleton improved more significantly on the lower 

extremity Fugl-Meyer score at discharge.3 

Stroke (CVA) 

A few articles using subjects with CVA were randomized controlled trials (RCTs) which 

compared exoskeleton treatment to another treatment. One compared exoskeleton gait training 

to conventional physical therapy. In one such study, strength was assessed using the MI in 75 

subjects with subacute CVA who received 15 sessions of gait training either conventionally or 

with Ekso. Both groups improved in strength, but there was no significant benefit of one 

treatment method over the other.4 The other compared two types of robotics, with all 32 

participants with chronic stroke receiving 8 weeks of conventional therapy followed by gait 

training provided either by ExoAtlet or Lokomat devices. There was no difference between 
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robotic device used in the way that strength improved measured by the 30 second sit-to-stand 

test.5  

Other pre-post studies examined outcomes before and after exoskeleton intervention. Twenty 

patients with subacute stroke underwent 15 sessions of Ekso training over 3 weeks which 

resulted in significant improvement in MI of 18.63±9.35.6 Forty-six participants who were 

between 13 and 155 days post CVA completed an average of 15 sessions using Ekso. MI of all 

muscles measured showed significant improvement for the total population studied.7 This study 

also examined results in specific groups based on ambulation level at baseline and study 

conclusion. Significant strength improvement was seen in those who were ambulant at baseline 

and those that became ambulant during study.7 Those who were non-ambulant at baseline and 

conclusion of the study did not have significant strength improvements.7 A similar study with 23 

subjects who walked thrice per week for 4 weeks in Ekso noted significant improvement in MI 

scores throughout the study.8 Median MI scores for those with subacute CVA improved from 

33.5 to 59 and for those with chronic CVA from 34 to 38.8  

One review article that examined subjects with CVA commented on strength changes from 

using an exoskeleton. Thirty-four RCTs consisting of 1166 patients concluded that the 

intervention groups had improvement in lower limb motor function scores superior to scores of 

the control groups.9  

A unique article which includes many technologies and a highly intensive rehabilitation program 

for persons with stroke demonstrated that this program consisting of 2 to 7 daily interventions 

over a period of 12-21 days significantly improved upper extremity strength measured by the 

Fugl-Meyer from a median 16 to 27.5.10 Lower extremity strength was not assessed.10  

Spinal Cord Injury (SCI) 

There are numerous studies that examined muscle strength recovery resulting from using an 

exoskeleton. Most of these utilized LEMS. In one randomized trial of 7 subjects with incomplete 

SCI, three of the four subjects who received Ekso training improved in LEMS score.11 The three 

control subjects either had no change in LEMS score (2) or saw a decrease in LEMS score 

(1).11 Another randomized trial of subjects with motor incomplete SCI showed that both Ekso 

and control groups improved in upper extremity and trunk strength, but only the Ekso group 

showed a significant increase in lower extremity scores with an average improvement of 3 

points over the 24 week intervention period.12 A pre-post designed study had 52 participants 

with SCI complete up to 24 Ekso sessions over 8 weeks. The range of sessions completed was 

17-24. Only those who were injured recently improved in strength measured by LEMS.13 

There are two review articles that examine exoskeleton usage in persons with SCI and 

comment on strength, although neither article had strength as a primary outcome. One review of 

19 randomized controlled trials (RCT) involving 770 participants found that individuals with 

acute incomplete SCI who utilized an exoskeleton improved more on LEMS.14 For those with 

chronic injuries, there was no significant difference in strength improvements between a group 

of subjects with SCI who received exoskeleton treatment versus controls.14 The second review 

article synthesized 11 RCTs including 456 subjects. This meta-analysis showed that exoskeleton 

training was more effective in improving LEMS compared to conventional gait training.15 
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Multiple Sclerosis (MS) 

There are a few articles looking at strength changes resulting from using an exoskeleton in 

persons with MS. One examined 14 subjects with Expanded Disability Status Scale (EDSS) 

from 5-6.5 (can walk at least 20 meters but is not fully ambulatory) who underwent 15 sessions 

of Ekso training over three weeks. Knee extensor torque improved significantly over the three 

weeks of exoskeleton training from 53.81% to 70.77%, but this did not maintain through follow 

up.16 Peak knee flexor torque did not change significantly.16 The work normalized to body weight 

as well as acceleration time, which is the time to attain isokinetic speed, also improved 

significantly for extensors.16 The same number of sessions provided twice weekly was provided 

to a single subject who was non-ambulatory (EDSS 8). At the hip, the right side improved from 

no movement to having a palpable contraction.17 The right knee extensor also improved, 

progressing from full range of motion against gravity to being able to resist some resistance.17 A 

retrospective study showed no difference in lower extremity Motricity Index for those treated 

with Ekso or traditional therapy.18 

Review Articles 

One review article investigated strength changes resulting from an exoskeleton as part of their 

analysis. Thirty-six articles utilizing participants aged 65 and above who walked in a variety of 

robotic technologies were evaluated. It noted that these devices can be used to enhance 

strength but also to augment current strength, separating use of these robotics into use for 

rehabilitation and use for augmentation.19 

Conclusion 

Strength, while not a primary outcome measure of any study, has been studied in the context of 

exoskeleton usage. Most studies agree that exoskeletons can be used to improve strength, 

especially of the lower extremities. Limitations of this conclusion include the variable 

intervention duration of these studies as well as, in comparison groups, the lack of a definition 

for conventional therapy.  
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Ekso CVA 

ABI = acquired brain injury, CVA = stroke, MS = multiple sclerosis, SCI = spinal cord injury  

 


