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Body Composition 

There are a number of articles that assess body composition changes in participants who use 

an exoskeleton. All articles looked at a population with spinal cord injury (SCI).  These 

publications are mostly case series and pre-post studies, but there are also three randomized 

controlled trials (RCTs) or crossover designed studies in addition to four known reviews. 

Different aspects of body composition and body perception are examined, with DXA scan, 

appendage circumferences, and body fat mass being examples of assessment types. Most 

studies utilized the Ekso1.1/GT/NR device, referred to as “Ekso” in this paper. 

Spinal Cord Injury (SCI) 

A few randomized trials exist that examine body composition or perception. One study 

randomized 16 subjects to receive 24 weeks of interventions offered three times per week with 

either the Ekso or activity based training. Bone mineral density was maintained for the Ekso 

group but significantly reduced in the activity based group in the hip and femoral neck by 0.03 

and 0.06 g/cm2.1 Both groups improved arm fat-free soft tissue mass, but did not experience 

these changes in the legs.1 Another study utilized 161 veterans who either only used their 

wheelchair or wheelchair use plus at-will use of an exoskeleton device over the period of 4 

months. In the exoskeleton group, 17.9% of participants reached >1kg of lost total body fat 

mass whereas 19.3% met this loss in the group that only used their wheelchair.2 This was not 

significantly different.2 Muscle volume and intramuscular adipose tissue were measured during 

a cross-over trial of 6 persons with acute SCI. They either received early or late start of the 

intervention, which was defined as using Ekso with functional electrical stimulation (FES) at 

least 3 days per week, in addition to standard inpatient therapy. On average, muscle volumes 

for all 16 muscle groups assessed increased significantly during the intervention period as 

compared to the control period, with an average difference of 12.2%.3 There was also a trend 

towards a lower percent of fat infiltration during intervention compared to control.3 A final 

randomized trial split 42 subjects evenly into groups receiving treatment with Ekso or 

conventional physical therapy and examined their body uneasiness test. Those in the Ekso 

group showed major improvements in global severity index subscore and positive symptom 

distress index subscale items with a moderate effect size when compared to controls.4  

One potential complication of SCI is decreasing bone density and therefore increased risk of 

fractures. Some studies have examined patients before and after an exoskeleton program 

looking for any changes in bone density utilizing a dexa scan. In one study that had participants 

walking in Ekso three times a week for 6 weeks, a statistically significant improvement of 14.5% 

in the bone mineral density of the tibia was reported.5 While small in sample, the one participant 

of five who began this study with a diagnosis of osteoporosis improved his status to osteopenia 

at the conclusion of the intervention.5 Another study had 10 participants complete a 16 week 

program of walking in Ekso between 1 and 3 times per week. Meaningful increases in bone 

mineral density  were observed at the femur and tibia.6 Bone strength index of the femur, which 

is the resistivity to compression, increased by 9.6% while stress-strain index of the femur, which 

is the resistivity to bending, increased by 11%.6 

Dexa scans were also used to measure fat mass in certain studies. Some studies utilized 

circumferential measurements as well. Multiple studies agreed that using an exoskeleton can 
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decrease fat mass.5,7,8 One study of 5 participants who used Ekso 18 times over 6 weeks 

showed significant improvement in leg and appendicular lean body mass, total, leg, and 

appendicular fat mass, and cross sectional area of the calf muscle mass after the intervention.5 

Trunk fat mass and arm lean body mass did not show significant changes.5 Subcutaneous 

adipose tissue and intermuscular adipose tissue also remained similar pre and post 

intervention.5 Another study of eight men with chronic SCI completed 12 weeks of Ekso walking 

2-3 time per week. Significant body composition improvements over the span of the intervention 

were seen including seated waist circumference, seated abdominal circumference, supine 

abdominal circumference, total body percent fat mass, leg percent fat mass, and trunk percent 

fat mass.7 Lean mass in all body regions and supine waist circumference, however, did not 

change significantly.7 A third study of 8 adults with chronic SCI ambulated in ReWalk three times 

per week for a total of 40 sessions, which resulted in significant loss of total body fat mass 

averaging 1.8±1.2 kg.8 Of the participants, 75% lost visceral adipose tissue averaging 0.141 kg.8 

One study combined epidural spinal cord stimulation with 24 sessions of Ekso walking for an 

adult with a C7 complete SCI who showed a reduction in regional and total body fat mass.9  

Total body fat mass decreased from 25.14 kg to 23.4 kg, with the arms, legs, and trunk all 

showing some reductions contributing to the total decrease.9  

Some studies, however, show insignificant results regarding body composition. A study of one 

participant who had weekly Ekso sessions and underwent repeated dexa scans showed a slight 

reduction of 1.7 kg fat mass after 3 months of training, however this is within the accepted 

measurement error of repeated scans.10 This study also approximated potential weight loss 

based on energy expenditure, and estimated that persons with SCI using an exoskeleton 

weekly could lose between 0.13 to 0.22 kg per month, which at most, amounts to about 5.8 

pounds annually.10 Calf circumference showed no changes in 5 participants who walked in 

ExoAtlet over 4 weeks, indicating no further muscle atrophy but also no muscle mass gain.11 

Review Articles 

Four review articles examining a multitude of devices looked at body composition in their 

analysis. One specifically aimed to examine the effects that an exoskeleton has on body 

composition, while the other three comment on this in addition to many other outcomes. The 

review that focuses on body composition found that use of a robotic exoskeleton reduced fat 

mass in adults with SCI.12  This review included 10 studies with a total of 105 participants. It 

showed mixed results in terms of body weight, with two studies reporting a loss of body weight 

and two further studies finding an increase.12 Fat free mass also had mixed results that mostly 

were increases, but occurred in different parts of the body.12 

Of the other three reviews, minimal conclusions were found. One examined 39 articles and 

concluded mixed outcomes regarding changes in bone mineral density resulting from robotic 

assisted gait.13 Another review focusing on all types of rehabilitation reported that there were 

little improvements on osteoporosis regardless of how the intervention was provided, 

highlighting that 4 studies supported the acute phase mitigation of bone density reduction and 

the improvement of bone mass in the chronic phase by verticalization and walking supported by 

a robotic device.14 Another review states that while we hypothesize that weightbearing may 

reduce the progressive loss of bone mineral density, there is not currently enough evidence to 

fully support this.15 
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Conclusion 

Body composition encompasses numerous different measurements including bone density, fat 

mass, circumferential measurements, and weight. Because there is not a wide breadth of 

articles on this topic combined with many different ways to measure composition, there is not a 

firm conclusion to make on this topic. It appears that walking in a robotic exoskeleton could 

improve aspects of body composition, though the results are mixed. Another important limitation 

is the duration of these studies. It is possible that a higher dosage is needed to see significant 

changes in body composition, but that has not been studied.  
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ABI = acquired brain injury, CVA = stroke, MS = multiple sclerosis, SCI = spinal cord injury  


