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Users with spinal cord injury experience of
robotic Locomotor exoskeletons: a
qualitative study of the benefits, limitations,
and recommendations
Dominique Kinnett-Hopkins1* , Chaithanya K. Mummidisetty2 , Linda Ehrlich-Jones1 , Deborah Crown2,
Rachel A. Bond2, Marc H. Applebaum1, Arun Jayaraman1

, Catherine Furbish3

, Gail Forrest4 , 5 , E d e ll e F i e l d - F o t e 3 , 6

a n d A l l e n W . H e i n e m a n n 1A b s t r a c t B a c k g r o u n d : P e r s o n sw i t h s p i n a l c o r d i n j u r y ( S C I ) m a y e x p e r i e n c e b o t h p s y c h o l o g i c a l a n d p h y s i o l o g i c a l b e n e f i t s f r o m r o b o t i c l o c o m o t o r e x o s k e l e t o n u s e , a n d k n o w l e d g e a b l e u s e r s m a y h a v ev a l u a b l e p e r s p e c t i v e s t o i n f o r m f u t u r e d e v e l o p m e n t . T h e o b j e c t i v e o f t h i s s t u d y i st o g a i n i n s i g h t i n t o t h e e x p e r i e n c e s , p e r s p e c t i v e s , c o n c e r n s , a n d

http://crossmark.crossref.org/dialog/?doi=10.1186/s12984-020-00752-9&domain=pdf
https://orcid.org/0000-0003-1793-3977
https://orcid.org/0000-0001-7695-6381
https://orcid.org/0000-0003-4771-6906
https://orcid.org/0000-0002-9302-6693
https://orcid.org/0000-0001-5331-8416
https://orcid.org/0000-0002-7219-4487
https://orcid.org/0000-0003-2782-7326
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:dkh@northwestern.edu
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Conclusions: The varied opinions and insights of robotic locomotor exoskeletons users with SCI add to our
knowledge of device benefits and limitations.
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Background
Spinal cord injury (SCI) results in life-altering conse-
quences in terms of morbidity, mortality, functional
status, employment, and quality of life [1]. SCI preva-
lence is approximately 291,000 individuals in the
United States, with nearly 17,730 new SCI cases each
year [2]. SCI often results in reduced or complete loss
of walking function and creates challenges with activ-
ities of daily living (ADL) [3, 4]. Persons with SCI
may also experience secondary conditions, such as
impairment of respiratory, cardiovascular, bladder,
and bowel function, spasticity, pressure ulcers, osteo-
porosis and bone fractures, and chronic pain [5–8].
These functional limitations and secondary conditions
often result in reduced community participation and
quality of life [



Procedures
Forty-eight adults completed a preliminary survey using
REDCap [22] to report demographic information and to
describe their experience with robotic exoskeletons. We
attempted to recruit all survey participants for focus
groups based on their availability and ability to travel to
the local site. Research team members developed a focus
group topic guide based on their research expertise and
clinical experience (see Appendix). The moderator has
40 years of experience in designing and conducting
qualitative research projects, and led focus groups while
a court reporter took verbatim notes and provided a
transcript. Focus groups were also audio-recorded. Per-



Participants indicated that they saw other individuals with
SCI in the robotic exoskeleton and that encouraged them
to try it themselves. Additionally, participants described
interest in participating in research with the goal of
walking.

“I saw him doing it and I was like, oh, wait. I want
to do that!”

“… just any way to help the advancement of help-
ing individuals with spinal cord walk, I’m down.
If I can be a part of that research, I want to be a
part of it …”.

Because of limited access, FDA requirements, and the
purchase cost, participants said that the most experience
they had with robotic exoskeleton was in a research
setting.

“The robot they use for outpatient is also used for
research and then there’s a long list of people in
outpatient that want to use it. Basically it’s like you
can try it in outpatient, and then if you like it and you
want to continue more than you can sign up for
research.”

Participants commented on the learning curve in-
volved in learning to operate the robotic exoskeleton, in-
dicating that it was difficult during the first few attempts
but eventually was much easier to operate.

“The first few sessions are really awkward -- just
kind of learning the nuance of how that particular
device moves and balance is a big thing, certainly for
me based on the level of my injury and my core

Table 1 Sample Characteristics (N = 28)

Age mean = 42
range 21–71

Time since injury (years) mean = 9
range 2–28

Sex

Female 32%

Race

White 61%

Black 21%

Asian/Indian 7%

More than one 4%

Other 7%

Decline 0%

Hispanic/Latinx

Yes 18%

Education Level

9th–11th 4%

High School/GED 30%

Associates 7%

Bachelors 37%

Post-Baccalaureate 15%

Other 7%

Decline 0%

Occupational status

Employed 26%

Student 15%

Unemployed 11%

Retired 30%

Other 18%

Decline 0%

Cause of injury

Falls 18%

Vehicular Crash 29%

Violence 21%

Sport 21%

Pedestrian 4%

Other 7%

Injury Level

Cervical 25%

Thoracic 64%

Lumbar 11%

Injury Severity

Complete 36%

Incomplete 57%

Unknown 7%

Type of device used*

Table 1 Sample Characteristics (N = 28) (Continued)

Age mean = 42
range 21–71

Ekso 43%

Indego 43%

ReWalk 36%

Other 0%

Unknown 11%

Experience Type

Rehabilitation Therapy 32.1%

Research 85.7%

At Home 3.6%

Outside of Your Home 7.1%
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device, risk of falls, slow gait speed, spasticity limiting
device use, difficulty transferring in and out of an auto-
mobile, and limited feasibility in a work environment.
The cost to purchase an exoskeleton was also a concern.

“Other than it’s too hot, too expensive. Can’t afford
it.”

“It costs as much as an investment property.”

Participants discussed the contrast between their de-
sired outcomes of using the device compared to the real-
ity of using the device. Using a robotic exoskeleton
requires both hands to balance and stand upright, limit-
ing the participant from simultaneous activities that re-
quire use of both hands.

“Even if you could fit into a car with it, are you going
to go to the grocery store and take an hour to go
down aisle one to grab a jug of milk and come
back?”

“It requires you use both hands. So, you can’t do
too many other things but walking or stand, that’s
it.”

Although participants did not find practical value
in the device in their everyday world, they thought
that the robotic exoskeleton was of great utility in
therapy.

“I love the thing as far as therapy, I’m there 100
percent, but my everyday life I couldn’t use it.”

Theme 4: user suggestions
The fourth topic area, “User Suggestions,” describes the
ways participants hoped that robotic exoskeletons could
be improved to address their concerns.

Participants suggested various items or functions to





Appendix
Table 2 Focus Group Guide
1. Tell me about your experience using a robotic exoskeleton, devices that help people with spinal cord injury walk.
a. Why did you/do you choose to use a robotic exoskeleton?
b. Who did you talk to?
c. What kind of support did you have?
d. What went into your decision-making experience?

2. Show video clips of several robotic exoskeletons. Add information regarding donning and doffing, weight of exoskeleton, batteries, of each of the types of
exoskeletons. (Still shot of each device in the community). (Check You Tube videos)
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