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Abstract A three center randomized controlled crossover clinical trial of
exoskeletal-assisted walking (EAW) compared to usual activity (UA) in people with
chronic spinal cord injury (SCI) was performed. As secondary outcome measures,
the effect of this intervention on bowel and bladder function was assessed using the
10Q Bowel function Survey, the Bristol Stool Form Scale (BFS) and the bowel and
bladder components of the Spinal Cord InjuryQuality of Life (SCI-QOL) instrument.
Fifty subjects were completed the study, with bowel and bladder data available for
49. The amount of time needed for the bowel program on average was reduced in
24% of the participants after EAW. There was a trend toward normalization of stool
form noted. There were no significant effects in patient reported outcomes for bowel
or bladder function on the SCI-QOL components, although time since injury may
have played a role.
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1 Introduction

Spinal cord injury (SCI) is well known to adversely affect bowel [1–3] and bladder
function [4, 5]. Constipation related to slowed transit time and a sedentary lifestyle
is a major issue as is incomplete bladder emptying related to positioning in non-
ambulatory individuals. There are some suggestions that frequent upright posture
[6] and locomotor training [7] could help bowel function in SCI, but the data is
inconclusive [8]. Exoskeletal-assistedwalkingmaybe another intervention that could
potentially improve bowel and bladder function in this population [9]. We therefore
proposed a randomized clinical trial of the effects of 36 sessions of exoskeletal-
assisted walking on bowel and bladder function in individuals with chronic non-
ambulatory SCI.

2 Materials and Methods

We designed and implemented a three-center randomized crossover controlled clin-
ical trial of exoskeletal-assisted walking (EAW) in non-ambulatory individuals with
chronic SCI (>6 months post injury). As secondary outcome measures, we inves-
tigated whether this intervention would improve bowel and bladder function as
compared to usual activity (UA).

Individuals were screened using a complete history and physical examination
incorporating the following: the International Standards for Neurological Classifica-
tion of SCI (ISNCSCI) examination to determine level and completeness of injury,
range of motion at the hips, knees and ankles bilaterally, Ashworth spasticity exami-
nation in the lower extremities, standing orthostatic tolerance test, and bone mineral
density (BMD) scanning of bilateral knees (proximal tibia and distal femur) and hips
(femoral neck and total hip) by Dual Energy X-ray Absorptiometry (DXA).

Eligible participants were randomized within site to one of two groups for 12
weeks (three months): Group 1 received EAW first, three times per week for 12
weeks then crossover (UA) for a second 12 weeks; Group 2 received UA first for 12
weeks then crossover to EAW for 12 weeks of training.

Two powered exoskeleton devices were used in this study, namely the
ReWalk 6.0® (ReWalk Robotics, Marlborough, MA) [10] and the Ekso GT® (Ekso
Bionics, Richmond, CA) [11]. These powered exoskeletons were chosen because
they were the only devices commercially available and FDA approved for use within
rehabilitation centers at the time of study development.

Within the first two sessions, standing balance skills were practiced and achieved
prior to progression to walking skills. Walking skills were then initiated utilizing
a weight shifting pattern. Continuous walking resulted from serial performance of
weight shifting. Participants were advanced in their degree of activity and number of
steps based on individual progress as determined by the instructing trainer. Missed
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sessions were added to the end of the 12 weeks to achieve a 36-session total
intervention.

The 10 Question Bowel Function Survey (10Q) and the Bristol Stool Form Scale
(BFS) was administered before and after both interventions during the two arms of
the study. The 10Q provided patient reported outcomes with regard to bowel program
satisfaction including information about the time it took to perform a bowel program
as well as the amount of assistance needed. The BFS provided information about
stool firmness. The BFS rates stool consistency from 1 (hard to pass) to 7 (watery
liquid), where 4 is the desired medium consistency [9]. The Bowel Management and
the BladderManagement Difficulties item bank forms from the SCI-QOL instrument
were performed three times: at baseline, at crossover, and after the second arm for
both the EAW and UA arm interventions. The Bowel SCI-QOL instrument consisted
of 26 questions (possible score range 25–130) and the Bladder SCI-QOL of 15
questions (possible score range 15–75). Lower scores indicated greater satisfaction
with management.

3 Results

A total of 50 subjects completed the exoskeletal-assisted walking protocol including
crossover. Of these, 49 individuals completed the bowel surveys and the BFS.

The 10Q Function survey results specifically related to external assistance needed
and bowel evacuation times are presented in Table 1. In looking at the whole group
(regardless of randomization order), a portion of patients reported a reduction by
12% in the need for external help and a reduction by 24% in evacuation time during
each session and across a full week after the EAW three-month intervention.

Table 1 Selected patient reported outcomes from the 10Q Function Survey. External help included
enemas, irrigations, suppositories, oral laxatives or stool softeners, and manual digital stimulation

Category Frequency
reported

Pre EAW (%) Post EAW (%) Percent of
participants
improved (%)

External help needed
for each bowel
evacuation in the past
week

Never to a few
times

57 63 12

Most to every
time

41 35

Average bowel
evacuation time
needed per bowel day
during the past week

5 to 60 min 80 92 24

>1–3 h 18 6

Average bowel
evacuation time
needed in the past
week

1–6 h 80 92 24

>6–8 h 16 6
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The BFS data suggested a slight qualitative improvement (i.e. trend to a medium
consistency of 4) after EAW not seen in the UA group, although by chance the UA
group tended to do better at baseline (Fig. 1).

Overall, for thewhole group, therewere no significant effects found for changes in
patient-reported outcomes for the Bowel Management Difficulties SCI-QOL survey
after EAW when compared to usual activity. This was also true of the Bladder
Management Difficulties SCI-QOL survey.

We performed a post hoc sub-analyses based on time since injury, since it was
noticed that the newer injured participants (< two years since injury) were often
still learning to maximize their bowel management. Stratification by the duration
of injury (DOI) sub-categories for outcomes of bowel function showed that those
persons injured for more than two years demonstrated an improvement trend in the
Bowel Management SCI-QOL survey after EAW (51.0± 9.5 pre versus 48.8± 10.2
post EAW, p = 0.1439). In contrast, the newer injured cohort (DOI <2 y) did not
show improvement (48.3 ± 7.6 pre to 48.0 ± 8.3 post).
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Fig. 1 Bristol Stool Form Scale Results. Frequency distribution of pre and post EAW and pre and
Post UA. Top row represents pre and bottom row post data
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4 Discussion

EAW training had a positive effect on about one quarter of the participants for the
patient-reported outcomes for bowel function and management. There were also
trends towards normalization of stool form in the EAW group not seen in the UA
group. The Bowel and Bladder SCI-QOL batteries were unable however to detect
a significant improvement in patient’s perception of their evacuation management
with the EAW intervention. Our time since injury sub-analysis suggested that those
with newer SCI may still be adjusting and becoming competent with their bowel
program, thus negating any potential positive effect from the EAW intervention.

5 Conclusion

A 36-session exoskeletal assisted walking program implemented over three months
in non-ambulatory persons with spinal cord injury provided some, albeit limited
improvement in severalmeasures of bowel functionwhencompared to ausual activity
control group. Most notable improvement (i.e. reduction) was seen in average bowel
evacuation time and in a trend to normalization of bowel formconsistency. The degree
of subjective improvement as determined by quality of life survey instruments may
be in part related to the time since injury.
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