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Abstract: Context/objective: Information on the safety and feasibility of lower extremity powered exoskeletons for
persons with acute/sub-acute spinal cord injury (SCI) is limited. Understanding the safety and feasibility of
employing powered exoskeletons in acute/sub-acute (<6 months post injury) at a SCI acute inpatient
rehabilitation (SCI-AIR) facility could guide clinical practice and provide a basis for larger clinical trials on
efficacy and effectiveness.
Design: Single group observational study.
Setting: SCI-AIR.
Participants: Participants (n = 12; age: 28–71 years; 58% AIS D; 58% male) with neurological levels of injuries
ranging from C2 to L3.
Interventions: Up to 90 min of exoskeleton-assisted locomotor training was provided up to three times per week
during SCI-AIR.
Outcome measures: Safety of device use during inpatient locomotor training was quantified as the number of
adverse events (AE) per device exposure hour. Feasibility of device use was defined in terms of protocol
compliance, intensity, and proficiency.
Results: Concerning safety, symptomatic hypotension was the most common AE reported at 111-events/
exoskeleton-hours. Protocol compliance had a mean (SD) of 54% (30%). For intensity, 77% of participants
incorporated variable assistance into at least 1 walking session; 70% of participants' sessions were
completed with a higher RPE than the physical therapist. In proficiency, 58% achieved at least minimal
assistance when walking with the device.
Conclusion: Exoskeleton training in SCI-AIR can be safe and feasible for newly injured individuals with SCI who
have clinically defined ambulatory goals. Nonetheless, sufficient controls to minimize risks for AEs, such as
hypotensive events, are required.
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Introduction
Interventions utilizing assisted walking are employed to
facilitate recovery of ambulation and reduce secondary
complications following spinal cord injury (SCI). The
use of either manual/robot-assisted body-weight sup-
ported treadmill training (BWSTT) or conventional
over-ground walking have demonstrated effectiveness at
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improving walking ability for persons with incomplete
SCI or other similar neurological deficits (e.g. stroke).1–4

These interventions have been shown to increase muscle
mass,5,6 improve cardiovascular functioning,7 decrease
muscular tone or spasticity,8 decrease pain,9 help preserve
bone density,6,10 and bowel function.11

Recently, powered exoskeletons have been introduced
as an alternative to BWSTT for assisted locomotor
training.12–16 The U.S. Food and Drug Administration
(FDA) 17 has currently approved three class II medical
devices in the United States (Eksoa, Indegob, and
ReWalkc).12–14 Benefits of these devices have mainly
been studied in small, single group design studies in out-
patients with chronic SCI.18–26 Interventions with exos-
keleton-assisted walking (EAW) have: (1) demonstrated
that persons with SCI can become proficient with the
device (learnability),21–23,25,26 (2) confirmed ambulation
patterns similar to able-bodied individuals,20 (3) estab-
lished improvements in quality of life,25 (4) illustrated
that EAWmay be equivalent to moderate intensity exer-
cise,18,19 and (5) resulted in minor adverse events (AEs)
– most commonly as skin integrity issues.21,22,24,25

Although Platz et al. performed their study in an inpa-
tient rehabilitation setting, all subjects were individuals
with chronic SCI (mean injury duration, 11.4 years).25

Consequently, the literature still lacks evidence on the
safety and feasibility of EAW for recently injured SCI
(acute/sub-acute; <6 months post injury) in a SCI
acute inpatient rehabilitation (SCI-AIR) facility.18–26

The primary aim of this study was to examine the
safety of EAW in a SCI-AIR facility. The study’s sec-
ondary aim was to examine the feasibility of incorporat-
ing exoskeleton walking within daily therapy sessions.

Methods
Study Design and Setting
This was a single group observational study to investi-
gate the safety and feasibility of powered EAW in a
SCI-AIR facility. All study procedures were conducted

in a SCI-AIR facility within Mount Sinai Hospital in
New York, NY. The study was approved by the
Clinical Institutional Review Board at the Icahn
School of Medicine at Mount Sinai (IRB# 15-2253).

Participants
Eligible participants were adults admitted to SCI-AIR
facility following acute/sub-acute SCI who had ambu-
lation goals (Table 1). Candidates for ambulation
goals included individuals with American Spinal
Injury Association (ASIA) Impairment Scale (AIS) C
or D and individuals with A or B who had any preserved
lower extremity motor strength (e.g. lumbar and sacral
level injuries with LEMS < 3) (Table 1). All participants
provided signed informed consent and underwent
medical screening by a physiatrist who was board certi-
fied in SCI medicine and an evaluation for compatibility
and fit with the device by a physical therapist (PT).
Enrolled subjects who passed these assessments were
scheduled for walking sessions.

Device
The powered lower extremity exoskeleton used in this
study was the Ekso GT.a This device has motors at
both the hip and knee joints which move the lower extre-
mities. Detailed descriptions of this device and its work-
ings have been reported elsewhere.14,18 The optional
SmartAssist12 (SA) feature allowed the PT to alter the
walking program during sessions to accommodate for
changes in the amount of motor assistance needed.
There are two modes within SA, adaptive and fixed.
Adaptive mode dynamically adjusts to the user’s needs
and compensates with hip and knee motors as the user
takes steps. Fixed mode allows the PT to set a particular
threshold (i.e. percentage of exoskeleton motor assist-
ance versus participant assistance throughout the
walking motion) to augment the user’s efforts. This
mode can be more challenging to the user depending
on the threshold set by the PT. If the user does not

Table 1 Inclusion/exclusion criteria.

Inclusion criteria Exclusion criteria

1. Admission into the spinal cord injury rehabilitation facility 1. Poor upright tolerance for less than 30 min (i.e. orthostatic
hypotension)

2. 18 years or older 2. Uncontrolled cardiovascular conditions
3. Physician-confirmed diagnosis of SCI with lower extremity
weakness/paralysis

3. Colostomy that could impact proper device fitting

4. Clinically indicated ambulation goals 4. Pregnant
5. Sufficient strength and function in the upper extremities to
manage walking aids

5. Fracture risk – based on clinician assessment

6. Able to fit within the exoskeleton device 6. Skin integrity issues in areas that would contact the device or get
worse with device usage
7. Anything that would prevent safe standing and walking in the device
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provide enough force to propel the limb, the device will
hesitate briefly before completing the step, and indicate
to the PT that the user is not meeting the threshold.
Subsequently, the PT can either encourage the user to
“push harder” or modify the setting to fit the user’s
needs. In either SA mode, the device has a set time
limit after which the device will complete the step
regardless whether the threshold is met (i.e. time limit
or assistance level).

Exoskeleton Walking Sessions
A detailed description of screening, fit, and training for
persons with SCI has been reported elsewhere.27 The
walking intervention was provided from enrollment to
discharge from the SCI-AIR facility with the primary
objective of incorporating EAW sessions as part of the
participant’s total therapy of 15 hours per week.
Sessions were scheduled for 90 min at three times per
week. Prior to the first walking session, participants
were measured for device fit and evaluated for contrain-
dications, which are outlined in the inclusion/exclusion
criteria (Table 2). Participants were progressed from
static standing balance with use of a walker, to standing
weight shifting activities, assisted stepping, pivot turns,
assisted walking for short distances, and finally to
reduced assistance with SA. The PT would begin apply-
ing SA in ‘adaptive’ mode and then progress toward
‘fixed’ mode as the participant shows improvements in
their ability to match the programmed walking par-
ameters with less motor assistance. Participants pro-
gressed towards a goal of tolerating more than 30 min
of up-time, the total time study participants spent stand-
ing or walking in the device, allowing for short rests as

needed. The session schedule was adapted to fit partici-
pant availability and readiness; missed sessions were not
rescheduled but the reasons were noted.

6-Minute Walking Test
The 6-Minute Walk Test (6MWT) measures the total
distance traveled in a 6-minute period and has been
reported to be a reliable measure of walking endurance
for persons with SCI.28 The 6MWT is often used with
EAW as a metric for progress in a wide variety of
lower extremity exoskeleton-related studies.18,19,24,27,29

The 6MWT was administered at least once a week, if
the participants were able to easily make consecutive
steps and progress toward longer periods of ambulation.

Outcomes
The primary and secondary outcomes were, respectively,
safety and feasibility of incorporating exoskeleton
walking into SCI-AIR.
Safety was defined using the FDA’s list of known

adverse events (AEs) for EAW, and for unforeseen
AEs.17 The potential for AEs is predicated on both the
type of, and exposure to, a given risk factor. Thus,
event rates were calculated as the count for each AE
divided by person-hours spent in the exoskeleton (i.e.
EAW-hours), which accounts for varied exposure time
among participants.
Feasibility was expressed in terms of compliance,

intensity, and proficiency. Compliance was defined as
the number of EAW sessions completed as a percentage
of scheduled EAW sessions which were incorporated
into the standard amount of daily therapy. This was
calculated by dividing the number of EAW sessions

Table 2 Participant characteristics.

Participant Age* Sex BMI (kg/m2) AIS NLI Days between admission and 1st session No. of sessions

1 45–54 Male 29.3 D C4 33 2
2 55–64 Male 26.9 C T9 37 4
3 25–34 Female 25.6 B L2 17 4
4 65–74 Male 21.9 C C3 32 1
5 45–54 Male 24.2 D T9 5 4
6 25–34 Male 20.9 C T4 9 5
7 35–44 Male 31.1 D C5 28 6
8 45–54 Female 33.6 D C4 23 4
9 35–44 Male 27.4 A L3 9 5
10 55–64 Female 30.7 D C4 15 4
11 65–74 Female 21.5 D C2 35 4
12 65–74 Female 30.6 D T4 15 1
Median (min,
max)

51.5
(28,71)

– 27.2 (20.9,
33.6)

– – 20 (5, 37) 4 (1,6)

Mean 50.9 – 27.0 – – 21.5 3.7
(SD) (15.6) (4.2) (11.3) (1.6)

BMI = body mass index; m =meters; kg = kilograms; AIS = American Spinal Injury Association (ASIA) Impairment Scale;
NLI = neurological level of injury.
* Age is at time of enrollment reported in 10-year age classes due to small sample size.
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completed by the number of expected EAW sessions
(assuming 3 EAW session per week for the duration of
the inpatient rehabilitation stay). Intensity was defined
using 4 distinct domains: (1) the distance traveled
walking with the device during a 6MWT,30 (2) the per-
ceived exertion ratings from both the participants and
PTs using the Borg Rating of Perceived Exertion
(RPE) Scale at mid-session,25,26,31 (3) the lowest percen-
tage of SA achieved for all EAW sessions, and (4) the
proportion of EAW sessions which used SA at any
point. Gait speed was also determined using the
longest distance traveled in the device during the
6MWT – which has been demonstrated to a valid prog-
nostic and contain predictive value in overall health.32

Proficiency was defined by the proportion of partici-
pants in the study that achieved the lowest assistance
level during EAW, as rated by the PTs using a rating
scale adapted for EAW from the FIM Instrument (sit-
to-stand, walking, stand-to-sit).17 Other outcomes
included donning and doffing time.

Statistical methods
All data were collected and entered into a REDCap
database,33,d with analyses performed using SPSS
version 20e and Microsoft Excel version 14.0f software.
Descriptive statistics were reported for participant
demographics. Distributions were examined for normal-
ity, results for all continuous variables are presented as
mean (SD), and the median (min, max) are also
reported for variables with non-normal distributions.
Compliance and intensity outcomes were reported as
proportions and rates as previously defined. To generate
radar graphs of the intensity outcomes, only those who
completed the protocol, regardless of session number
were included in this analysis; those who were with-
drawn were not analyzed. All 4 domains for intensity
were scaled between 0 and 1 within their respective cat-
egories purely for visual comparison purposes; 0 was the
lowest value among the cohort and 1 being the highest
value.

Results
Participants
Of the 12 participants enrolled in the study, none screen-
failed and 3 were withdrawn, two due to anxiety (both
preexisting with diagnosis) and one for an unspecified
reason (Fig. 1). The sample had more males (58%)
and most participants were motor incomplete except
for two individuals with lower level injuries and com-
plete injuries (Table 2). There were an equal number
of cervical and thoracic-lumbar level lesions. The
mean (SD) number of sessions for the sample was 3.7

(1.6). The mean (SD) for number of days between inpa-
tient admission and first EAW session was 21.5 (11.3).

Safety outcomes
There were no serious AEs observed, and event rates for
the minor AEs were low overall. The most frequently
recorded individual AE was systolic hypotension (< 90
mmHg), observed at a rate of 111 events/1000 EAW-
hours. Skin integrity issues and mechanical/electrical
issues were both observed at 111 events/1000 EAW-
hours. The least common minor AE recorded was use
error at 37 events/1000 EAW-hours (Table 3). The
number of There seemed to be a pattern with the
increased number of AEs between Sessions 1 through
2, yet this tapered off after session 4; overall trend was
a negative and parabolic (Fig. 2).

Feasibility outcomes
Participants with cervical SCI saw the largest gap in
time to the first session from the dates of injury and
from inpatient admission. Mean (SD) compliance was
54% (30%); median (min, max) compliance was 61%
(6%, 100%) (Table 4). For the total of 43 sessions
across all participants, the mean (SD) up time and
walk time was 38.0 (11.4) and 22.5 (9.6) min, respect-
ively. Most of the participants were able to increase
EAW intensity, with 77% of participants using SA in
their walking sessions, where median (min, max) pro-
portion for each participant’s usage of SA and lowest
percentage of assistance given by the device for each
participant was 78% (0, 100%) and 77% (50%, 85%),
respectively. The median (min, max) distance on the
6MWT was of 45 (25, 68) meters. Overall, intensity
domains did not demonstrate any patterns for increasing
session number, but did illustrate participant variability
in response to the device (Fig. 3). Gait speed had a mean

Figure 1 Study flow diagram. Of the 12 participants enrolled
and passed device screening, 9 completed the protocol and 3
withdrew, primarily due to extreme anxiety (preexisting). All
participants were analyzed.
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(SD) of 0.12 (0.04). Regarding proficiency, seven partici-
pants (58%), achieved at least minimal assistance for
walking with the device (Table 5), and six of those
seven (85%) achieved this by Session 2. Overall,
average RPE ratings for both the participants and PTs
increased from pre-session measure. By the end of the
session 70% of the participants rated RPE higher than
the PT (average participant vs. PT RPE; 14.8 vs. 14.1);
mean (SD) PT RPE across participants for pre-, mid-,
and post-session were 9.2 (2.3), 13.5 (2.0), and 14.1
(2.4), respectively. Donning and doffing time (in
minutes) had a mean (SD) of 7.3 (1.9) and 4.4 (1.2),
respectively.

Discussion
Presently, our findings align with previous studies
which reported on safety and feasibility following
SCI-AIR.34–37

Overall, use of EAW in SCI-AIR under the study pro-
tocol appears to be safe. Blood pressure changes, namely
orthostatic hypotension, were the most frequent AE.
Skin issues related to the interface between the user
and the device followed, then, mechanical/electrical
issues, and finally, use error. There was an interesting
relationship between AE and session number (Fig. 2).
In the first session, participants primarily focused on
standing and weight shifting in the device, taking
fewer steps versus later sessions. The second session
had participants focus on higher step counts (increasing
walking proficiency) – this increased movement may
have increased the AE risk. Later sessions (e.g. session
4) may have had lower AE counts because the

Table 3 Adverse events.

Adverse event (AE) type Count
Event rate per

1000 h.*

Fall 0 0
Instability (no fall) 0 0
Skin integrity issues 3 111
Bruising 0 0
Skin abrasion 2 74
Pressure injuries 0 0
Soft tissue injury 0 0
Tissue/skin reaction from

device-skin contact
1 37

Soft tissue injury 0 0
Blood pressure issues 5 185
Systolic hypertension

(140 ≥mmHg)
2 74

Systolic hypotension (<90 mmHg) 3 111
Mechanical/electrical issues 3 111
Premature battery failure 1 37
Electrical shock 0 0
Burns 0 0
Device malfunction resulting in

unanticipated operation
1 37

Device breakdown 1 37
Use error 1 37
Participant error 0 0
Researcher error 1 37
Companion error 0 0

Additional pain from exoskeleton-
assisted walking

0 0

Other 0 0

*Event rates are standardized per 1000 h of exposure to
standing, walking, and sitting in the powered exoskeleton, for an
average of 38.05 min exposure per session for all 43 sessions
completed by 12 participants (27.27 h).

Exposure-Hours = (Avg. mins exposure × total no. sessions)
60 min/h

Event Rate = Event Count
Exposure-Hours

× 1000 h.

Figure 2 Adverse event count by session. This illustrates the adverse event count by EAW Session along with a trendline which
demonstrates that as the Session number increases there AEs are less frequent overall.
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participants gained proficiency with the device –

decreasing the AE risk.
Hypotensive episodes were observed in approximately

50% of the participants by at least mid-session after par-
ticipants were standing or walking for an extended
period. However, no clear patterns were evident in the
hypotensive AEs. Orthostatic hypotension, which
accounted for 80% of all blood pressure AEs, is a
common issue in acute SCI recovery with a variety of
physiological mechanisms.38–40 A recent systematic
review of the literature demonstrated that orthostatic
hypotension was a seemingly rare event (18% of the
sample; 4/22 subjects) where only one study reported
orthostatic hypotension as an AE,41 however this
study used a different lower extremity exoskeleton and
in a stroke population.36 Consequently, the risk of
orthostatic hypotension may have been under-rep-
resented in previous studies.36 Regardless, hypotension
should be managed before initiating EAW, and blood
pressure should be monitored throughout sessions – a
perspective that seems to be shared by others.34,35

This study demonstrates that the use of EAW for loco-
motor training in SCI-AIR may be feasible if logistical
and clinical needs are met. Utilizing these devices as a
tool for locomotor training may be helpful, particularly
if these devices are to be used as an adjunct therapy for
functional recovery (i.e. improve walking indepen-
dence).42 However, the short duration of SCI-AIR

limits the number of EAW sessions. A short SCI-AIR
stay is important to consider given that, according to
the most recent SCI Model System’s Report, the
median length of stay for SCI-AIR has been reduced
from 42 days in 2000 to 31 days in 2004.43

Consequently, shortened SCI-AIR duration can poten-
tially prevent the user from engaging in a therapy
which provides a high volume of steps (following the
principles of motor learning).31,44 Another important
point to consider is that this device, at maximum, only
allowed participants to walk at 0.19 m/s and would be
marginally considered household walkers.32 It is
unclear how use of these devices may improve func-
tional ambulation post-discharge assuming individuals
have access.
Employing these devices would involve clinician buy-

in, requiring exoskeleton-certified PT’s to feel comforta-
ble incorporating EAW into their practice. In many ways
EAW provides gait training analogous to BWSTT and
manual over-ground training, however an important
difference with EAW is that BWSTT may allow for
gait training in individuals who might not otherwise
receive it (e.g. marginal upper extremity strength).
This is particularly important; however, this was not
seen with the present cohort which could objectively
fall into a category that possesses greater functional
capacity (i.e. AIS C/D). On the contrary, EAW may
provide advantages over BWSTT due to using a

Table 4 Feasibility: compliance and intensity.

Participant Compliance*
6MWT Longest
distance, m

6MWT Longest
distance gait speed, m/s†

Lowest %SA
achieved‡

Sessions
using SA§

1 67% – – 85% 50%
2 67% 25 0.07 80% 100%
3 33% 29 0.08 61% 100%
4 6% – – – 0%
5 67% 29 0.08 80% 50%
6 56% 45 0.13 77% 80%
7 100% 56 0.16 50% 100%
8 44% 50 0.14 70% 100%
9 83% 68 0.19 80% 100%
10 67% 48 0.13 68% 75%
11 44% 27 0.08 – 0%
12 17% – – – 0%
Median 61% 45 0.13 77% 78%
(min, max) (6%, 100%) (25, 68) (0.07, 0.19) (50%, 85%) (0%, 100%)
Mean 54% 42 0.12 72% 63%
(SD) (30%) (15.1) (0.04) (11%) (42%)

6MWT, 6-Minute Walk Test; m, meter; s, second; SA, SmartAssist.
* Calculated as: [(No. of EAW session completed)÷ (No. of expected sessions)] × 100%
†Calculated as: [(Longest distance for 6MWT)÷ (360 s)]
‡The lowest percentage of SmartAssist (SA) achieved, where SA is a function of total motor contribution toward walking. The device used
was capable of unilateral control, however this was not differentiated, and the percentage reported is solely the lowest level of assistance
required.
§Calculated as: [(No. of EAW session using SA)÷ (No. of EAW sessions)] × 100%
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biomechanical reciprocating pattern which allows for
hip extension and full loading of the lower limbs thus
facilitating neural plasticity.31 This relationship takes
for granted that the EAW user does not require assist-
ance to walk in the device, as less mastery has less
ground reaction force – translating to less forces acting
on the lower limbs.20 Albeit, integrating this type of
locomotor training to standard care is both costly (e.g.
device cost and training costs) and time-consuming
(e.g. device setup between users).37 Ultimately, time in
EAW is time not spent in other proven effective

therapies, thus examination of efficacy for EAW as a
component of SCI-AIR should be a priority moving
forward.
Circumstantial factors can affect session number, dur-

ation, compliance, and intensity of EAW sessions.
Circumstantial factors include device malfunction,
availability of certified personnel, and scheduling con-
flicts. The most consequential mechanical/electrical
issue during the course of the study was a result from
device breakdown. The breakdown occurred during an
EAW session and prohibited the participant from

Figure 3 Radar chart of intensity domains. This figure demonstrates the 4 domains of Intensity outlined in this study: (1) 6-Minute
Walk Test, (2) the RPE atmid-session, (3) Highest amount of SA-motor assistance, and (4) Proportion of sessionswhich utilized SA. A
larger area inside the polygon corresponds to a greater performance for Intensity. All domains were scaled to between 0 and 1which
correspond to the minimum and maximum scores in each respective domain across participants. Those who completed the
protocol, regardless of session number were included in this analysis; those who were withdrawn were not analyzed.

Table 5 Proficiency of exoskeleton-assisted walking skills.

Walking level of assistance – minimal assistance, n*

Session

Cumulative percent†1 2 3 4 5 6

Walking 2 4 1 0 0 0 58

*No. of participants who achieved the skill at the specified level by the session.
†Cumulative percent of participants who achieved the skill at the specified level of the total (n= 12) who began the intervention.
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taking sequential steps – ultimately determined to be a
result of a foot sensor malfunction which was later
replaced by the research team with guidance from the
manufacturer. The risk to the participant was minimal
due to safety measures that are built into the device
along with the extensive training which is required to
operate the exoskeleton with a participant.12

Scheduled EAW sessions were canceled for two partici-
pants who were active in the protocol at the time of the
device breakdown, which took 5 days to correct.
Another limiting factor was having had only two of
the 6 PTs in the SCI-AIR facility certified to use the
device. Consequently, EAW participants may have
missed sessions due to scheduling conflicts resulting
from paid time off for the PTs (vacation or sick days)
or management decisions (e.g. patient census at capacity
where certified PTs might not be able to see an unas-
signed patient for EAW). Although compliance could
improve with more certified PTs, the time and expense
to certifying PTs remains a significant barrier.
The manufacturer’s intention was to provide a device

which makes the therapists more efficient. However,
that could only be clinically feasible if the device is easy
to learn which would translate to less effort by the thera-
pist. This study demonstrated that most participants
(77%) were able to use the device with at least moderate
assistance – meaning, participants were highly engaged
in the stepping process. In general, the study device is
anecdotally thought to be easier to learn than other
devices17,22,31 – this theoretically allows the PT to focus
on achieving therapy goals. From a feasibility standpoint,
utilizing a device which is exhausting for the PTs and is
difficult to learn would not be beneficial for any SCI-
AIR facility; even if there are possible improvements to
discharge lower extremity motor scores.45

Limitations
The results of this study are not generalizable to the
larger population of persons with SCI, primarily due
to the small sample size and single group design.
Eligibility criteria and screening protocol are subject
to selection bias and confounding by indication. There
is potential for bias toward positive results for partici-
pants and clinician-rated outcomes as a result of the
convenience sample without randomization and blind-
ing during the intervention. Furthermore, this study, in
no way, tested the efficacy of EAW in SCI-AIR.
This study attempted to incorporate EAW within

clinical locomotor training time – as opposed to provid-
ing additional therapy. Thus, performing the study
within clinical hours heavily relied on clinical rec-
ommendation for recruitment rather than implement a

rigorous pre-screening process – possibly biasing enroll-
ment. Moreover, patients assigned to the exoskeleton-
certified PTs were more likely to get the device versus
those who were not assigned those PTs. Consequently,
study eligibility could be artificially low (7% of all inpa-
tients were enrolled) which impacts EAW feasibility;
studies which have a more defined screening process
are required. If the study had implemented EAW train-
ing outside clinical hours, this would have changed both
the sample and research question.
Another consequence of relying on clinical judgment

for study inclusion was the introduction of selection for
determining which individuals were most appropriate
for the device. For example, if a therapist deemed that
a patient would likely outperform the device (e.g.
central cord syndrome) then the potential participant
was not deemed appropriate and should be given to
individuals who are more severely impaired. However,
this opinion changed over time and throughout the
study therapists began to utilize this device in different
ways which could improve postural stability, trunk
balance, head control, and muscle strengthening in dif-
fering injury levels and completeness.12 In short, as the
PTs continued to gain mastery of the device and how
it could be incorporated into their practice, therapists
were more willing to try EAW with more complex clini-
cal cases (e.g. C2 SCI) while still maintaining safety. Not
having a strict and defined inclusion criterion indeed
affected the study’s interval validity, however, the par-
ticipant’s therapy goals superseded some aspects of the
study. Lastly, gait speeds calculated from 6MWT prob-
ably underestimate compared to 10MWT, but imple-
menting the latter would probably not have produced
a different result in regard to ambulation status (home
versus limited community) and would add burden.

Clinical considerations
For SCI-AIR centers that have, or plan to implement
EAW programs, the following general considerations
may serve as a foundation for implementation:
1. Clinicians should always monitor for exoskeleton-

specific AEs as defined by the FDA (e.g. hypotension
and skin integrity issues21,22,24,25) and for any other
unknown AEs. Specifically, active monitoring of symp-
tomatic hypotension is strongly recommended primar-
ily for patient safety. Monitoring may not prevent
symptoms; however, it may guide clinical decisions
which could be used to potentially addresshypotension
preemptively (e.g. support stockings, binders, Alpha-1-
Agonists, etc.).38–40

2. Scheduled EAW sessions should accommodate at least
30 min of up-time, which can maximize standing time,
walk time, and step count. Increased upright time
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during EAW has recently been shown to improve lower
extremity motor scores in acute SCI.31,45

3. The SA function should be used progressively (‘adap-
tive’ then ‘fixed’ – see Methods section) to increase the
RPE component of EAW intensity.12 Skill level and
proficiency with the device should be especially con-
sidered if SA is to be utilized.

Conclusions
The results from this preliminary study suggest that
EAW can be both safe and feasible for SCI-AIR who
have ambulation goals, when used as a supplemental
locomotor training activity (outside the 3-hour therapy
requirement) with appropriate monitoring. We provide
recommendations to promote safe and feasible EAW
for SCI inpatients; however, this study did not assess
efficacy, so we are unable to comment on the clinical
value of EAW in SCI-AIR. Efficacy aside, service deliv-
ery requirements, such as inpatient length of stay and
clinician training, may also constrain implementation.
Alternatively, providing EAW in SCI-AIR could serve
as an early introduction to a mobility strategy that
may be available after discharge.
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