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require overhead harnessing in many cases, 2 or more therapists to
promote proper stepping dosage, correct kinematics, maintain
posture and balance, and to manually assist trunk, hips, and legs
during stepping. It is costly in both personnel and equipment.3-5 In
recent years, lower limb robotic exoskeletons have emerged as a
potential overground locomotor training tool for individuals with
neurologic conditions. They provide the intensity and dose
matching standard of care, but also provide, loading and structured
kinematics which multiple clinicians offer. Although they
facilitate favorable health outcomes for users, they may reduce
clinician effort during therapy.4,6-9

Various organizations and investigators synthesize scientific
evidence and provide recommendations, which influence clini-
cians’ perceptions about locomotor or gait training.10-14 Their
perceptions are also influenced by their practice setting,
geographic location, training, and knowledge. The use of robotic
exoskeletons allows overground locomotor training for individuals
with SCI with varying degrees of impairments at an early stage of
rehabilitation when traditional methods of locomotor training are
difficult. Furthermore, these devices allow individuals with SCI to
practice walking in the community, enhancing continuity of care.4

Although there is early evidence to support the health benefits
of robotic locomotor exoskeleton use,7,15-19 there is limited
research on clinicians’ perspectives regarding applications for
exoskeleton use in locomotor training. This study aims to describe
clinicians’ preferences, clinical practices, training strategies, and
clinical decisions on how robotic exoskeleton devices are used
with veterans and civilians with SCI.
Clinician perceptions of robotic
exoskeleton use

Advancements in clinical practice depend on a cyclic process
where evidence is integrated into practice and where clinical
experience informs the evidence.20 For this reason, clinician per-
spectives related to benefits and limitations of rehabilitation
technologies are important. Heinemann et al21 examined thera-
pists’ experience using robotic exoskeletons for overground
walking in focus groups. Therapists described their experiences,
evaluations, and training strategies with robotic exoskeletons.
Participants reported using exoskeletons primarily in outpatient
and wellness settings, though 1 center used exoskeletons during
inpatient rehabilitation. A typical outpatient episode consisted of
20-30 sessions and involved at least 2 staff members. Treatment
goals included standing, stepping, and gait training. Benefits
attributed to use of exoskeletons included physiological (reduced
pain, improved bowel function), psychological, and social
changes. Therapists noted the risk of falls, skin irritation, and
high patient expectations. Hospitals used varied strategies for
integrating robotic exoskeletons into therapy services.

Although the Heinemann study provides preliminary evidence
to guide the integration of exoskeletons into rehabilitation ser-
vices, a more detailed analysis of therapists’ experience is needed
to guide practice and to inform patient expectations. This study
addresses 5 research questions: (1) How do clinicians evaluate
appropriateness, patient characteristics, and realistic expectations
regarding robotic locomotor exoskeleton therapy in rehabilitation
and community settings? (2) What training strategies do clinicians
use with patients and caregivers? (3) What benefits do clinicians
perceive from using exoskeletons? (4) What preferences do
clinicians have regarding which robotic exoskeleton they use? (5)
What limitations to robotic locomotor exoskeletons do clinicians
identify, and what hardware and software developments do
clinicians recommend?
Methods

Institutional review boards at collaborating organizations provided
ethical approval. All participants provided informed consent and
received an honorarium. The U.S. Army Medical Research and
Development Command Office of Research Protections, Human
Research Protection Office also approved the protocol.

Sample

Using a phenomenological approach, this study used quantitative
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Table 1 Clinicians’ demographic and robotic exoskeleton experience

Demographic Characteristics Site A Site B Site C Site D All Sites

n 10 9 8 2 29

Mean age (y) 34 37 36 32 35

Age (y) (range) 26-44 32-47 30-45 30-34 26-47

SCI clinical experience (y) (mean) 5.8 9 8.6 6.5 7.6

SCI clinical experience (y) (range) 1-12 4-13 2-22 4-9 1-22

Exoskeleton experience (y) (mean) 3.7 3.9 4.1 3.5 3.0

Exoskeleton experience (y) (range) 1-11 2-6 2-7 2-5 1-11

Sex (%)

Women 70 67 88 100 76

Race/ethnicity (%)

White 90 100 88 100 93

Black 0 0 0 0 0

Asian/Indian 0 0 0 0 0

>1 0 0 13 0 3

Other 10 0 0 0 3

Declined to answer 0 0 0 0 0

Hispanic/Latinx (%)

Yes 10 11 13 50 14

Exoskeleton experience type (%)

Research 50 0 25 0 24

Clinical 0 66 50 100 38

Research and clinical 50 44 25 0 38

Robotic exoskeletons for locomotor training 205
classifying, and interpreting data into codes and themes, and then
representing and visualizing data by 3 research team members. We
used an inductive analytical approach to produce the codebook
based on open coding of the first focus group interview.25 The
research team reviewed the first coded transcript to assess
interpretations, reconcile discrepancies among the 3 coders,
discuss initial findings, and make modifications. Different teams
of 3 researchers coded the remaining transcripts. Two primary
coders coded independently and then reconciled differences. The
third coder read the transcript independently and reconciled the 2
primary coders’ themes. When kappa coefficients did not meet or
exceed 0.80, the team of 3 met to review codes and modify them
to reach consensus and ensure interrater reliability. Finally, the
entire team met to review and harmonize codes across sites.
Thematic saturation was met after the 4 focus group transcripts
were analyzed.

We enhanced methodological rigor by using a standardized,
semistructured moderator guide and having 1 moderator conduct
all focus groups. We ensured investigator triangulation by having
3 investigators independently code transcripts before recon-
ciling themes.

Results

Demographic characteristics of focus group
participants

Table 1 reports demographic characteristics of focus group par-
ticipants. On average, clinicians were in their 30s, predominantly
women and white. Experience with SCI patients averaged 7.5
years, whereas experience with exoskeletons averaged 3 years.
Participants had clinical and/or research experience.

Table 2 provides details of clinicians’ robotic exoskeleton
training. One-third to one-half of the clinicians had attained
www.archives-pmr.org
certification with at least 1 exoskeleton manufacturer. Most
worked in outpatient settings and had robotic locomotor training
experience with fewer than 20 patients.

Clinicians who reported more experience using robotic exo-
skeletons had greater comfort using the devices with a broader
range of individuals than did clinicians with less experience.

Focus group themes and perceptions regarding
robotic exoskeletons

Results are organized by questions that reflect the structure of the
focus group guide and the analysis of focus group members’
statements. Table 3 is organized to illustrate themes from induc-
tive coding of transcripts along with representative quotes. The
first column in table 3 lists the high-level themes, the second
column lists the mid-level themes, and the third column lists
subthemes. Shown in parentheses are the number of unique
occurrence of themes when there were no subthemes, or unique
occurrences of mid-level and subthemes. Figure 1 provides a
graphical view of theme, mid-level theme, and subtheme
frequencies, with font size reflecting relative frequency.

Question 1: clinical evaluation

Appropriateness of patient goals
Clinicians were concerned about appropriateness of exoskeleton
use for certain patients. Appropriateness was based on inclusion-
exclusion criteria specified by the device manufacturers, patient
goals for using the device, time since injury, and type or level
of injury.

“Well, I think that’s so individual and you may have recom-
mendations and they may totally disregard them because they just
have this visualization of them utilizing an exoskeleton, but to the
point of, you know, using it within the kitchen, if that’s your only
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Table 2 Clinicians’ training, experience, and certifications

n 29

Years worked (mean � SD) 7.8�4.0

Type of RT exoskeleton experience (%)

Rehabilitation therapy 37

Research 27

Both 37

Currently work with RT exoskeleton (%)

Yes 83

Years worked with RT exoskeleton (mean � SD) 3.3�2.7

Number of patients worked with using RT

exoskeleton (mean � SD)

Inpatient 7.0�11.0

Outpatient 17.0�14.0

Unknown 0

What type of RT exoskeleton devices do you use?

(%)

Ekso Bionics 60

ReWalk Robotics 47

Parker Hannifin Indego 70

Other 23

Unknown 0

Decline 0

RT exoskeleton certifications (%)

Ekso Bionics 50

ReWalk Robotics 40

Parker Hannifin Indego 60

Other 13

Decline 3

Ekso Bionics certification level (%)

Level 1 initial training 30

Level 2 advanced training 33

Other 0

Decline 0

ReWalk Robotics certification level (%)

Basic training 37

Advanced training 23

Refresher (informal) 3

Other 0

Decline 0

Parker Hannifin Indego certification level (%)

Indego specialist 53

Indego trainerdclinic 30

Indego trainerdpersonal 27

Other 7

Decline 0

Have any of your patients purchased an RT

exoskeleton? (%)

Yes 33

No 53

Unknown 10

Decline 3

How many patients have purchased an RT

exoskeleton? (%)

1 13

2 15

5 5

Decline 3

(continued on next column)
goal, wouldn’t a standing wheelchair potentially be a better
alternative for you? Or maybe not, you know, but that may be a
lower tech, lower cost alternative for that one activity if that’s your
sole goal. I think it really depends.”

Patient selection criteria
Clinicians identified characteristics of patients who would be
successful using an exoskeleton, including motivation, general
health, learning style, confidence, and body awareness.

“You need someone who has the interest and who has
appropriate goals and we feel confident that the device can
potentially deliver on those goals. The person has to be motivated
to do what it is that we think they should do in the device to get
the benefits.”

In addition, clinicians identified patient characteristics that
might hinder exoskeleton use, such as limited arm strength, un-
suitable body type, or argumentative or noncompliant behaviors.

“If the person is argumentative just in a regular therapy
session, you are not going to put those guys in a robot, because
they need to be able to really listen, to understand the thresholds,
and what to do, and how to meet the tunnels, and just – all of the
technical stuff.”

Realistic expectations of exoskeletons
Clinicians discussed the need for patients to have realistic
expectations regarding the capabilities of robotic exoskeletons.
Patients may see others in the device and expect similar outcomes
or they may find the exoskeleton does not provide the function that
they expected.

“We’re explaining that to them very honestly and saying un-
fortunately we don’t expect this to allow you to be able to walk,
but it can have a lot of other benefits, including you may notice
that you’re able to control your trunk better. You may notice that
you’re able to transfer a little bit better because you can maybe
bring yourself forward better and do more with your trunk. You
can reach from sitting. Maybe help with ADLs. So we are trying to
put forward those positives, like what they can benefit out of the
device use. But try to like let them know that this is unfortunately
not what you thinks about to happen. Because a lot of times they
ask, “Is this going to help me walk?” And unfortunately, you have
to kind of make sure that they understand that that’s not the goal
for them.”

“I think one of the maybe barriers or things that we’ve had to
consider just in general is because it’s kind of such a high profile
device, when patients see somebody else in it, you know, their
automatic kind of response is, well, I want to get in it and I want to
try, too. And coming from that post-acute standpoint where we
kind of know what it actually takes to get one, what the actual
requirements are to purchase one and how people are actually
really using it, the folks that have purchased one, we, you know,
have to kind of manage expectations a little bit.”

http://www.archives-pmr.org
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Table 3 (continued )

High-Level Theme

(Frequency)

Mid-Level Theme

(Frequency) Subtheme (Frequency) Representative Quotes

And so I think the – being able to walk

overground with individuals who might not

necessarily be able to do that without a

significant amount of assistance I think is

extremely valuable.

Physical (24) I think of all the other health benefits, too, that

again it’s not well documented at this point,

but that’s one thing that being upright and

walking gives you bowel/bladder, spasticity,

as people mentioned, a lot of different health

benefits that you can’t get another way I think

is something to consider, especially with, you

know, taking it home, like, that might be the

biggest benefit to taking it home in the long

term is just from a health and wellness

perspective versus a functional perspective, at

least where it is at this point.

Patient experience Realistic

expectations (62)

Whether they have true understanding about the

capabilities ofdthe real capabilities of

exoskeletons, what they can and what they

cannot do, that is where a lot of the

conversations really have to happen, not going

and seeing these cool marketing spots online

and not hearing these really emotional,

impressive stories from patients who have

utilized them online but getting to the nitty-

gritty of, well, this is where you are and these

are your goals and this is the reality for you.

And he said, well, my workers’ comp offered to

buy me an exoskeleton or a standing

outdoor wheelchair, and he’s like, I like to go

hunting. I picked the standing outdoor

wheelchair. He’s like, I’m not – you

know, as cool as this thing is, he’s like, this

doesn’t give me what I want as far as my life

and the things that I want to be able to do.

And so that was kind of like an aha, like this

guy’s been in it and does great and loves it,

but he’s like, I don’t want that.

There’s a very fine line between encouraging

someone and telling them why you’re doing it

and having them run off with oh I’m doing this

because I’m going to walk. And it would be

nice if every single person that we saw every

day would have that opportunity, but not
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High-Level Theme

(Frequency)

Mid-Level Theme

(Frequency) Subtheme (Frequency) Representative Quotes
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Table 3 (continued )

High-Level Theme

(Frequency)

Mid-Level Theme

(Frequency) Subtheme (Frequency) Representative Quotes

Therapist experience Benefits (28) If a limiting factor in walking someone is the

clinician’s ability to continue to sustain the

activity and not the ability of the patient to

sustain the activity, then that’s a huge

limiting factor to the total volume that you

can actually get in in a session so I think

that’s a great point because we can get a lot

more steps in with a device that’s going to

help facilitate those steps than if we’re

manually manipulating every step.

So that’s also where inpatient, sometimes it’s

easier to get them into a robotic system than

to have the necessary four people it would

take to truly do a treadmill session.

Limitations (19) But the biggest barrier is probably wounds, if

they already have wounds, and the weight

limit is 220.

But I think one limiting thing with EKSO is that

we usually always have two therapists in case

something bad happens, it’s a little harder to

get out.

Training Caregiver (31) That’s a perfect person, but you also have to have

the perfect support person.

And so far the caregivers that our patient have

chosen, like one of them was a son who, I

don’t know how old he was, adult son that

learned the device to be his second person or a

wife, um, they’ve all been super supportive and

learned the devices right along with the

patient, and come to sessions. So I think

that’s really facilitated their success as well.

I mean, obviously they have to be physically

capable of it.

Patient (40) And, oh, my goodness I had one person from

North Carolina figure out that whole motor

neuron thing, he figured out how to use the

device, Level 2 training, meaning community

mobility, not just in the home within the first

2 days, completely independent. He took it to

a school. He took it to a funeral. We did

everything imaginable. We were on a light rail,

that’s never been done on an exoskeleton. Like

it was easier – like a true community

ambulator in the device.

So it’s like trying to show them what the benefits

are, because we sort of know as therapists how

to guide them, but sometimes they’re not

really sure what they’re going to get out of the

trials. And so it’s sort of enlightening to them
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perspective regarding use of robotic exoskeletons in practice. Hei-
nemann et al21 reported therapist’s perspective on treatment goals,
benefits, and risks of exoskeleton therapy. Mortenson et al26 also
focused on therapists’ experiences using these devices in practice.
Three main themes of their qualitative study were (1) difficulty
learning to use the exoskeleton; (2) challenge of incorporating
exoskeletons into daily life; and (3) lack of magic bullet effect.
Therapists thought that exoskeletons may reduce physical demands
on therapists during rehabilitation, but that there are barriers to
including exoskeletons in practice, such as calibration time, inten-
sive training required to use an exoskeleton, the cost of the device,
and patients’ comfort and safety using the device. They also
emphasized that therapists must manage patients’ expectations
related to the use of exoskeletons. Findings of our study support
these observations and also illuminate the importance of under-
standing patients’ purpose for using an exoskeleton and the setting
in which patients intend to use an exoskeleton. Patients with the
resources to pay for therapy or exercise using an exoskeleton in a
clinical setting bring different expectations than those who want to
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