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Use of bionic overground exoskeletons to assist with neurological rehabilitation is becoming increasingly prevalent and has
important implications for physiotherapists and their patients. Yet, there is a paucity of research about the impact of integrating
this technology on physiotherapists’ work. The purpose of this study was to explore how the training and implementation of
using the Ekso robotic exoskeleton with patients affects physiotherapists’ work. An exploratory qualitative study of three
physiotherapists working at a neurological rehabilitation centre in Eastern Canada was conducted using one-on-one
semistructured interviews in July 2017. Audio recordings were transcribed verbatim, and data was coded and analyzed using
thematic analysis. Six themes emerged from the data: developing organizational capacity; ethical use of technology; benefits of
the equipment; challenges of the equipment; cognitive workload; and the technological environment. The results suggest that
the adoption and integration of bionic exoskeletons into rehabilitation practice is not as simple as training physiotherapists and
giving them the device. More research is needed to understand the increased cognitive demands of working with patients using
technologically advanced exoskeletons within a dynamic, technology-rich healthcare environment, while managing patient
expectations and ethical use.

1. Introduction

Impaired mobility is a major concern in rehabilitation and
can be caused by arthritis, stroke, neural injury from trau-
matic brain injuries or Parkinson’s disease, and spinal cord
injuries (SCIs) [1, 2]. SCIs are prevalent globally, are often
devastating to individuals and their families, and are expen-
sive to treat and rehabilitate [3]. Worldwide, 24 million indi-
viduals were living with SCIs in 2016 [4]. Stroke-related
paralysis is the most common adult physical impairment,
requiring intensive rehabilitation to recover functionality
[5]. Mobility impairment can cause secondary degenerative
changes in muscles and neural processes [6] and can lead to
physical complications such as muscle atrophy and pain [7]
as well as psychological and emotional issues such as depres-

sion [8]. Loss of mobility can also have catastrophic impacts
on patients’ work lives, relationships, and community partic-
ipation [5]. Solutions to improve patients’ quality of life, ease
the strain on the healthcare system and caregivers, and pro-
mote functional independence and vocational/community
reintegration are therefore of critical importance. Such needs
will only increase [9], as the global burden of disease shifts
from communicable disease to persons living with sequelae
of chronic disease and physical trauma [10].

Improving lower extremity function and, if possible,
recovering the ability to walk are important priorities for
individuals who have lost locomotor function and are typi-
cally a focus of rehabilitation therapies [6, 7]. Assistive
devices such as walkers, reciprocating gait orthosis, and
wheelchairs augment individuals’ mobility and can aid in
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rehabilitation of muscle and neural processing, but they do
not necessarily allow individuals to access the whole range
of daily activities or sufficiently train individuals to regain
lost motor skills [11]. Limitations in locomotion mean that
basic ambulation such as balanced standing or taking a few
steps can cause fatigue, even with the physical support of a
physiotherapist or walking aid [2]. Additionally, traditional
rehabilitation methods often necessitate body weight support
for the patient, which is physically exhausting for physiother-
apists [12, 13] and may cause job-related pain or injury [14].

In recent years, robotic exoskeletons have emerged as a
gait rehabilitation option that can alleviate some of the phys-
ical demands of lower extremity rehabilitation. There are
currently several different rehabilitation exoskeletons avail-
able from different companies [15]. While not identical, their
general design consists of an external motorized structure
fitted over and around weak or paralyzed lower extremities
to help with standing, walking, and other activities of daily
living [6]. Exoskeletons are controlled by either the physio-
therapist or the wearer using a control panel or trigger or
prompted by the wearer with their leg or upper body move-
ments, such as leaning forward.

Exoskeleton-aided locomotion has several advantages
over traditional gait training and rehabilitation, including
lower exhaustion rates for patients and physiotherapists
[12], improved gait motion [16], and expanded terrain and
location options for training [6]. Most, but not all, exoskele-
tons fully support the body weight of the wearer, allowing
patients to walk fully upright using proper body mechanics,
which potentially strengthens muscles and neural motor
skills that would not otherwise be engaged [11, 17]. Com-
pared with conventional gait training, robotic exoskeletons
(like Ekso) have been shown to greatly increase the amount
of work that can be done by low- or nonfunctioning lower
limbs, representing a revolution in rehabilitation [18].

The Ekso is used by several rehabilitation clinics around
the world and has been evaluated in studies that looked at
biomechanics and patient safety [8, 11]. Research has dem-
onstrated many physical benefits for patients using the Ekso
device including better balance, decreased spasticity, stronger
core muscles, improved mental health, better bowel control,
and improved gait [15, 19–23]. Kolakowsky-Hayner et al.
[7] showed that the Ekso device was safe to use with patients
with SCIs and did not cause pain, fractures, swelling, or skin
degradation. Høyer et al. [23] found that 8–9 gait training
sessions using Ekso resulted in significant increases in walk-
ing time and number of steps and improved strength and
postural control for patients with hemiplegia poststroke
(see also [24]). Patients also reported high satisfaction with
Ekso sessions [11]. Kozlowski et al. [25] found that the learn-
ing trajectory varied based on patient characteristics and
most required some assistance to use the device. The authors
also noted anecdotally that some patients reported more
regular bowel movements, improved balance and posture
while sitting, better sleep, and decreased pain and spasticity
and that all patients wanted to keep walking in the Ekso
regularly. Brenner [20] found that the psychosocial impacts
of using the Ekso to rehabilitate veterans in Denver, Colo-
rado, included improved mood, reduced stress levels, and

increased self-satisfaction. Ekso use has also been shown to
improve physical performance outside of therapy sessions,
including increased time spent walking, greater control over
posture, weight shift, and mobility and reduced use of non-
therapy aids like walking canes [23]. Overall, initial findings
suggest that there are important physiological and psychoso-
cial implications of using the Ekso for gait training and
rehabilitation that need further exploration.

As described, the majority of studies on robotic exo-
skeletons in physiotherapy to date have focused on biome-
chanics, safety, and clinical outcomes. Few studies have
examined the perspectives of patients, and even fewer have
investigated physiotherapists’ perspectives on exoskeletons,
despite the central and essential role of physiotherapists in
rehabilitating patients with gait impairment. No published
studies, to our knowledge, have explicitly looked at rehabili-
tation with exoskeletons from an operational standpoint.
The impact of robotic exoskeleton training and use on the
worklife and practice of physiotherapists has been largely
unexplored. In our review of the literature, we found one
study [7] that reported the total average Ekso set-up time
for practitioners including device preparation, participant
transfers, donning, and doffing (18.13 minutes). However,
the study did not explore the experience or implications for
physiotherapists’ practice using the Ekso. The current study
examined how physiotherapists at a rehabilitation centre in
Eastern Canada view their work with overground ambulatory
training using the Ekso GT exoskeleton as well as their per-
ceptions of the impact its use has had on their patients.

2. Methods

2.1. Study Design. Due to the novelty of this research and the
small number of physiotherapists using the Ekso, an explor-
atory qualitative research design using a constructivist
thematic analysis methodology [26] was employed, which
allowed us to gain a rich understanding of the participants’
experiences, using their own words and perspectives.

2.2. Setting. The study took place at a neurological rehabilita-
tion centre in Eastern Canada. This facility has inpatient and
outpatient clinical and research programs for adults and chil-
dren with neurological conditions.

2.3. Participants. Three full-time physiotherapists who
worked with adult patients (age 18 and above) in the inpa-
tient and outpatient units of the centre were invited and
agreed to participate in the research study. All participants
had undergone Level 1 and Level 2 training with the Ekso
in the Spring and Summer of 2017 and used it with patients
as part of their practice-based research. These were the only
physiotherapists using the Ekso at this facility which limited
the number of possible participants for the study.

2.4. Description of the Technology. In this study, participants
were using the Ekso GT, a robotic exoskeleton made by Ekso
Bionics and approved for use with individuals with SCIs and
hemiplegia due to stroke [27]. The Ekso device is a battery-
powered suit made of carbon fiber and uses a hydraulic
power system [11, 28]. It attaches to the individual at their
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torso by a backpack, at the thigh, calf, and foot of each leg,
and has motors at the hips and knees to enable the user to
stand and step overground with weight-bearing and gait
[11, 28]. Sensors are embedded into the braces that fit around
the user’s body, which respond to muscular output from the
user [11]. It is the fastest exoskeleton currently available with
a top speed of 0.89m/s [11]. The Ekso operates in a number
of modes depending on the level of assistance required for the
patient and also trains transition movements such as sitting
to standing and standing to sitting [12].

2.5. Data Collection and Analysis. Research ethics approval
for the study was obtained from the regional health authority
of the neurological rehabilitation centre and the researchers’
university. The three clinician-research physiotherapists who
had been trained and worked with the Ekso at the facility
were personally invited by the lead researcher to participate
in a one-on-one interview at a mutually agreeable time.
Before starting each interview, participants were given a letter
of information about the study and provided written consent
to participate. All interviews were recorded with a digital
audio recorder and transcribed verbatim. Transcripts were
then analyzed for significant themes.

Two researchers independently assigned codes to the
texts of transcripts and then met to discuss overlap and
differences and to organize codes into overarching themes.
Analysis initially focused on understanding the data,
followed by assigning codes and developing overarching
themes. Inductively constructed codes were used to catego-
rize statements that shared similar ideas including topics of
discussion in response to questions and areas of agreement
and disagreement among participants. During discussion,
codes that did not fit into any larger themes (i.e., were not
related to any other codes) were either assigned to their
own theme or discarded depending on whether the
researchers identified them as integral to the experiences of
physiotherapists. Where the researchers disagreed, codes
were discussed until consensus was reached. The researchers
then independently went through the texts again and verified
the themes to determine how well the participants’ words fit
the themes. The researchers met again to discuss the themes
and to draw out evidence for each theme (e.g., quotes, latent
meanings, and confirmation from the literature). If themes
confirmed evidence from the literature, the researchers
framed their discussion of the themes in terms used by
researchers who had previously identified the phenomena.

3. Results

Six themes emerged from the data: developing organizational
capacity; ethical use of technology; benefits of the equipment;
challenges of the equipment; cognitive workload; and the
technological environment.

3.1. Developing Organizational Capacity. The process of
developing greater organizational capacity by working with
the Ekso emerged as an important theme. All three respon-
dents spoke of how the Ekso has enhanced their practice,
increasing what can be done within the context of neuroreh-

abilitation therapy. These gains include specialized expertise
in a cutting-edge rehabilitation technique and piece of
technology, greater physical capacity of the therapists to
work with clients (fewer physiotherapists needed, particu-
larly with inpatients, and greater ability to physically support
patients), and an increase in what patients can accomplish in
their sessions.

The results also suggested that the Ekso strengthens reha-
bilitation physiotherapy practice in several ways. First, the
requirement for a team of two or more physiotherapists
and physiotherapist assistants builds a sense of teamwork.
For instance, one participant noted that

[During] the initial session, we always are still
sticking to the three of us working through it
together just to kind of have another perspective
… somebody else to talk things over with.

This provides the opportunity to collaboratively develop
protocols and discuss the appropriateness of the Ekso for
each patient and also continuously builds expertise in the
use of the device. The same participant also emphasized that
practice and repetition were important to developing and
maintaining their expertise:

That’s one good thing about… not having a lot of
us trained, I am pulled in a lot to do it which is
repetition, what I need to maintain my skills.

Second, the Ekso increased the physical work capacity of
patients and physiotherapists alike. All three respondents
noted that the Ekso allows patients to walk further than with
conventional overground training because both the physio-
therapist and the patient do not become exhausted as quickly.
For example, one participant noted that

Repetition and mass practice are the biggest
things we can do so if you have somebody who’s
low-functioning and is just starting to get on their
feet, as a PT it’s a lot of work to do that gait train-
ing with them. We fatigue, they fatigue, and then
you might get ten steps in a session, so what we’re
really enjoying with the Ekso is with that same
client I can put them in [the Ekso] and I can do
400 steps, so that’s huge, for motor planning
and for repetition.

The same participant also noted that the Ekso is safe for
patients, allowing them to take breaks while in the device
without having to stop the entire gait training session.

Overall, the significant investment of time and resources
required to use the Ekso was recognized and perceived to be
worthwhile considering the return on investment for their
patients, themselves, and their organization.

3.2. Ethical Use of Technology. Another theme that emerged
from the interview data was the importance of ethical use
of the Ekso technology. Participants reported that the Ekso
has stimulated conversations centred on developing an
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ethical practice and managing the expectations of patients
who would be using it. The physiotherapists conceptual-
ized using the Ekso in their practice is a privilege, and
they felt a strong sense of accountability regarding its
use. This sense of privilege stems not only from the cost
of the equipment but also from the major advance the
Ekso represents for patient outcomes, the awareness that
it is not available at most clinics and to most patients,
and the opportunities that the physiotherapists have to
be engaged in cutting-edge clinical research. The partici-
pants all indicated that developing ethically sound prac-
tices around the Ekso is built into their use of the
technology and their practice as physiotherapists. Account-
ability includes giving students the opportunity to work
with the Ekso, managing the patient-Ekso relationship to
ensure appropriate use and expectations, and working
out general guidelines for what constitutes appropriate
patient goals for using the technology.

The Ekso was purchased for both research and eventual
integration in rehabilitation practice, so the participants felt
that they need to be cognizant of multiple goals and consid-
erations when they recommend the Ekso to a patient. The
participants each talked about managing patient expecta-
tions. One participant remarked that

people hear that we have it and they see it and…
obviously people want to try it ‘cause it’s technol-
ogy and it’s cool.

However, the participants felt that the use of the Ekso
needed to be justified. Justifications for use were based on cri-
teria developed collaboratively by the physiotherapists draw-
ing on their expertise and experience and were continuously
being updated and revisited in group discussions. These con-
versations appear to be an important source of peer support
for using the Ekso as they provide guidelines, flexibility,
and collegial feedback.

Our results suggest that the time it takes to develop
this sense of ethics and code of accountability is substan-
tial and involves significant collaboration with colleagues
in an ongoing process. The sense of privilege seems to
stem from the large degree of benefit that the respondents
feel they and their patients receive from Ekso. Two
respondents felt “fortunate” to have access to the Ekso,
and one felt that their patients were very aware that the
technology is not widely available and were “thankful.”
This sense of gratitude to have access to the Ekso seems
to be part of a larger feeling of accountability common
to all three participants and a desire to give the best care
possible to their patients.

3.3. Benefits of the Equipment. Respondents were all very
clear that they felt the benefits of the Ekso were numerous
and worth the investment of time and resources. Patients
experienced the greatest benefits, which were severalfold.
For example, patients could take many more steps with the
Ekso than without, allowing much more opportunity to work
on balance, gait, and core strengthening than would other-
wise be possible. One participant felt that the Ekso gave

patients the opportunity to concentrate on stepping instead
of balance:

The Ekso gives them more balance so they’re not
focusing so much on their balance. They can
focus more on the gait aid … instead of having
to put so much focus into where their feet are that
they can’t even think about moving the walker
ahead or moving the cane.

Patients also are able to remain upright longer before
tiring and to rest in the Ekso suit safely. In addition to
improving the quality and quantity of physical therapy,
it was reported that some patients experienced physical
gains in their activities of daily living as a result of using
the Ekso.

The physiotherapists highlighted that there were psycho-
logical and emotional benefits for nonambulatory patients
because Ekso allows them to walk upright; this causes
patients to look forward to their sessions. One participant
spoke of a patient whose emotional wellbeing was improved
by using the Ekso:

As soon as you would put him up in the Ekso his
face would just light up. He would just be so
happy.

The participant also noted that

[Patients are often] very proud at the end to see
that they were able to do that 400 steps or what-
ever we did in that session; it really plays a big key
role in their emotions.

To a lesser extent, participants cited benefits to them-
selves. These included the ability to support patients using
fewer people and the slower fatigue rate resulting from hav-
ing to use less physical strength to support patients during
gait training. This was especially true when working with
inpatient clients. Another benefit was recognizing the possi-
bility of doing research using the Ekso. All three partici-
pants acknowledged that the Ekso is more beneficial for
some patients than for others; it is particularly useful in
cases where patients have recent injuries, whereas patients
who have lived with immobility for longer periods are less
likely to respond well. However, one participant felt that,
even in the case of a patient who would never likely walk
again, the Ekso strengthened core muscles not possible to
work using a wheelchair, and the patient’s wheelchair ten-
nis game improved significantly as a result.

3.4. Challenges of the Equipment. Respondents overwhelm-
ingly cited the investment of time required to learn to use
the device as the largest challenge of using the Ekso. One par-
ticipant emphasized that the Ekso is “therapist-intensive, in
terms of the training and the knowledge you have to have.”
The training and certification to use the Ekso is more in-
depth than other kinds of technology, and learning to use it
continues after the training is over. While one respondent

4 Rehabilitation Research and Practice



viewed the Ekso as “just another tool,” there is no doubt that
managing the many dimensions of using the technology (skill
acquisition and maintenance, management of patient expec-
tations, physical demands, and assessment of patient needs)
contributes to the cognitive workload of the physiotherapists
using it.

Moreover, the Ekso requires a large block of time for a
single session (60min) and a larger block for the initial
assessment (90–120min), so time constraints on patients’
schedules sometimes cause difficulties. The highly technical
aspect of the Ekso means that physiotherapists must ded-
icate a large amount of time to properly fit and adjust
the device to the patient during assessments and in each
session, in addition to the large amount of time required
to be properly trained in the use of the Ekso. One partic-
ipant noted that

Initially we were all maybe a bit overwhelmed by
the amount of information and how different it
was from anything that we have used in the past.

The participant went on to note that

The biggest time consumption is during the
assessment phase.

Another challenge is that it can cause anxiety in some
patients because it is a different mode of movement than they
are used to and requires the patient to give up some motor
control. Additionally, a poorly fitted Ekso can cause discom-
fort, as can a larger degree of patient spasticity—as, for
instance, can be triggered when a patient is feeling anxious
about the equipment. This means that physiotherapists need
to acquire the skills to properly fit the device to each patient
and to constantly monitor to make sure the patient can han-
dle being in the device during each session. Also, the Ekso
does not fit everyone, so only certain patients can use the
technology. This means that physiotherapists need to man-
age patient expectations around whether the Ekso is
appropriate.

One important issue that emerged in the interviews is
that the Ekso, and other technologies like it, cannot
completely take the place of conventional therapies like
stretching. Therapists must choose which strategy to pursue
given the limited time they have with each patient. Because
of this, they need to be clear about their rationale for using
the Ekso as opposed to other therapies. All of the participants
worked several patients using the Ekso but with many
patients who did not use the Ekso, either because they did
not fit the criteria or because other therapies were considered
more appropriate. Our results suggest that developing cri-
teria and protocols through discussion is the main way the
participants deal with this issue.

3.5. Cognitive Workload. The participants each made refer-
ence to managing a complicated set of physical, ethical, and
logistical factors in using the Ekso with patients. Although
participants did not explicitly articulate any concept such as
workload or burden, all three did describe an intimidating

set of considerations in using it with patients. These include
the requirement for Ekso-specific technical know-how, a
concern with maintaining patient safety, the necessity of
working within time constraints, a set of criteria for the
appropriateness of the technology in a given situation, an
ability to accurately measure the numerous measurements
required for proper fit, a need to check and recheck that all
is operating as it should, and an understanding of patient
needs, all in addition to traditional PT knowledge, skill, and
mental workload. They described the training sessions and
the subsequent therapy sessions as an unspecified workload
of “a lot,” “a lot of information,” “tiring,” or “challenging,”
indicating that a great deal of multifaceted mental work was
put into functioning as an Ekso expert and physiotherapist.
As mentioned earlier, one participant also felt that learning
to use the Ekso was “overwhelming,” and all three partici-
pants felt that maintaining the skills required for using the
Ekso needs to be constantly maintained or they would have
to reread the manuals. The requirement for skill maintenance
and the physiotherapists’ feeling that they are always learning
about the Ekso suggests that operating the Ekso with a client
requires a high and sustained level of cognitive workload.

3.6. Technological Environment. The physiotherapists
reported that they work within a technologically dense work
environment into which the Ekso has been introduced. Ekso
is somewhat like the other technologies in that it is a tool to
be used in physiotherapy, but unlike other tools, it is more
learning- and time-intensive. This technologically dense
work environment is an important part of understanding
the cognitive workload of physiotherapists. The Ekso was
perceived as more or less intensive by physiotherapists
depending on their technological skill, comfort level, and
constellation of knowledge. One participant, comparing the
skill levels of physiotherapists in using the Ekso, noted that
some physiotherapists are more comfortable with controlling
robotics, possibly due to their age and/or interests, such as
playing video games. The fact that only some therapists have
the opportunity to use and develop skills around technology
appears to create two tiers of physiotherapy, and patients
may seek out physiotherapy with technological options if it
is available to them. This requires that physiotherapists man-
age patient expectations of the Ekso, which may not be
appropriate for all patients.

4. Discussion

The results of our thematic analysis point to physiotherapists
needing space and time to develop an ethical practice and
clear protocols around using the Ekso. All three participants
referred to discussions and collaboration that constitute a
deliberate reflexive practice. Since using the Ekso is cogni-
tively intensive and requires both formal training and
practice-based learning, protocols can help lower the amount
of mental workload required to use the device. The partici-
pants all referred to an ongoing effort to work out ethical
considerations, sound but flexible criteria for using the Ekso,
and strategies for managing patient expectations as part of an
overall feeling of accountability. Our findings suggest that use
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of the Ekso requires significant time for physiotherapists to
reflect on their practice and build discursive knowledge
through collaboration and discussion. This requirement for
organizational support (e.g., time for discussions) is consis-
tent with the findings of Glegg et al. [29] who found that
physiotherapists’ adoption of technology is dependent to
some extent on the willingness of their organization to sup-
port them with additional resources including time for pro-
gram development and troubleshooting.

The participants’ experiences confirmed many of the
findings of other researchers about the benefits of the Ekso
in gait training. In agreement with Androwis and Nolan
[19] and others [6, 15], the participants noted improvements
in gait, core strength, bowel control, balance, and mental
health, and like Kolakowsky-Hayner [7], they found that
the Ekso is safe. They also observed that the Ekso allows sig-
nificantly more work to be done during a session, in agree-
ment with much of the literature on robotic exoskeletons.
The participants also cited benefits beyond biomechanical
factors that have not been explored in the literature. The Ekso
provides the participants with the opportunity to build team-
work and collaborative practices, to strengthen ethical prac-
tice, to introduce students to new technologies, and to
provide extra motivation to patients with the “cool” factor
[30]. The Ekso therefore appears to build capacity in organi-
zations in ways that are harder to define yet nonetheless con-
tribute to the strength of the practice.

The findings highlighted the importance of considering
the technological environment and physiotherapists’ cogni-
tive workloads when integrating the Ekso into an existing
practice. Since exoskeletons are relatively new, many studies
have focused on lab settings, smaller sample sizes, and lim-
ited outcome measures. Meta-analyses of these studies show
that, though the technology is promising, insufficient data
exists about the contexts in which exoskeletons achieve the
best results [11]. The role physiotherapists play in the inte-
gration of technology and new practices is crucial, so provid-
ing physiotherapists with adequate training, time, and
resources is likely a key factor in successful integration. Stud-
ies of physiotherapists’ workload have shown that this sector
is vulnerable to work-related pain and injury, burnout, and
workplace stress [14, 31, 32]. Physiotherapists usually oper-
ate within a technologically dense environment, so introduc-
ing new technology may not present the same difficulties for
frontline workers as has been documented in other health-
care situations [33]. However, technology is often introduced
into healthcare organizations without evaluating the impact
on the healthcare workforce and patients holistically [33].
As a result, technology can ultimately act as a barrier between
management and health practitioners [34], violate patients’
rights, or increase workplace stress and burnout (Selmanovic
2011). Additionally, physiotherapists are sometimes sub-
jected to top-down management that does not take into con-
sideration best practices and may result in workplace stress
and burnout [32]. Studies of barriers to technology imple-
mentation often do not consider the needs of frontline
workers in changing technological and operational environ-
ments, leading to negative outcomes, such as workers’ dislike
for technology and disloyalty to an organization [33].

These organizational and human factors need to be
considered in integrating the Ekso into an existing prac-
tice. Since the Ekso is cognitively intensive and requires
significant investment during training and subsequently
with patients, poor management of Ekso integration could
result in poor patient outcomes and increased burden on
physiotherapists. Rehabilitation practices are typically
technology-rich work environments, requiring a high-
level baseline of technological literacy and comfort from
physiotherapists. Our findings highlighted the significant
increase in technological know-how required of physio-
therapists using the Ekso.

4.1. Limitations.One limitation of our study is the small sam-
ple size. While the Ekso is being used at an increasing num-
ber of rehabilitation facilities worldwide, it is still a highly
specialized and novel piece of technology that requires a sig-
nificant investment. For this reason, there was only one Ekso
and three physiotherapists trained to use it at our research
site. In our experience, this is consistent with the number of
devices and trained staff at other facilities. However, despite
the small sample size, the findings of our pilot work demon-
strate that physiotherapists’ experiences working with this
technology are important to understand and consider when
contemplating or planning its adoption into clinical rehabil-
itation practice. Future research using a multisite study
design to increase the number of participants is recom-
mended to increase the robustness of the findings and com-
pare experiences across sites and internationally. We also
feel that a cognitive task analysis of physiotherapists using
the Ekso would uncover significantly more about the chal-
lenges and benefits of using the Ekso. Additionally, a study
of the cognitive demands on patients using the Ekso would
give further insights into successful integration into clinical
practice.

5. Conclusion

To our knowledge, this is the first study exploring the use of
the Ekso from the perspective of physiotherapists. Our find-
ings were consistent with past literature on exoskeletons con-
cerning the benefits over conventional gait training such as
the large increase in work that can be accomplished by a
patient within a session, better balance and gait, improved
bowel control, and improved mental health. Novel findings
were that participants also discussed the collaborative aspect
of using the Ekso and the space opened up for developing
ethical practice and protocols, aspects that have not been
explored in the literature on exoskeletons. The importance
of group discussions and protocol development appears to
lie in lowering the cognitive workload, such that PTs are able
to follow protocols that have been collaboratively developed,
seek feedback from colleagues, and revise protocols if they
feel they have justification for doing so. Moreover, the find-
ings suggest that organizational support and consideration
of the technological environment and technology literacy
are key factors to consider when adopting and integrating
an exoskeleton into physiotherapists’ practice.

6 Rehabilitation Research and Practice



Data Availability

We do not currently have REB approval to share the inter-
view transcripts with others outside of the research team.

Conflicts of Interest

We declare no conflict of interest in this research.

Acknowledgments

This research was made possible by a CFI JELF grant (grant
reference #35298) which provided the funding to purchase
the Ekso GT.

References

[1] L. K. King, T. Kendzerska, E. J. Waugh, and G. A. Hawker,
“Impact of osteoarthritis on difficulty walking: a population-
based study,” Arthritis Care & Research, vol. 70, no. 1,
pp. 71–79, 2018.

[2] S. B. O’Sullivan and T. J. Schmitz, Improving Functional
Outcomes in Physical Rehabilitation, F.A. Davis Company,
Philadelphia, PA, 2nd edition, 2016.

[3] H. Lee, B. Lee, W. Kim, M. Gil, J. Han, and C. Han, “Human-
robot cooperative control based on pHRI (Physical Human-
Robot Interaction) of exoskeleton robot for a human upper
extremity,” International Journal of Precision Engineering
and Manufacturing, vol. 13, no. 6, pp. 985–992, 2012.

[4] S. L. James, A. Theadom, R. G. Ellenbogen et al., “Global,
regional, and national burden of traumatic brain injury and
spinal cord injury, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016,” The Lancet Neurology,
vol. 18, no. 1, pp. 56–87, 2019.

[5] P. Langhorne, F. Coupar, and A. Pollock, “Motor recovery
after stroke: a systematic review,” The Lancet Neurology,
vol. 8, no. 8, pp. 741–754, 2009.

[6] L. E. Miller, A. K. Zimmermann, and W. G. Herbert, “Clinical
effectiveness and safety of powered exoskeleton-assisted walk-
ing in patients with spinal cord injury: systematic review with
meta-analysis,”Medical Devices: Evidence and Research, vol. 9,
pp. 455–466, 2016.

[7] S. A. Kolakowsky-Hayner, J. Crew, S. Moran, and A. Shah,
“Safety and feasibility of using the Ekso™ bionic exoskeleton
to aid ambulation after spinal cord injury,” Journal of Spine,
vol. 4, p. 003, 2013.

[8] D. R. Louie, J. J. Eng, and T. Lam, “Gait speed using powered
robotic exoskeletons after spinal cord injury: a systematic
review and correlational study,” Journal of Neuroengineering
and Rehabilitation, vol. 12, no. 1, p. 82, 2015.

[9] S. Rajsic, H. Gothe, H. H. Borba et al., “Economic burden of
stroke: a systematic review on post-stroke care,” The European
Journal of Health Economics, vol. 20, no. 1, pp. 107–134, 2019.

[10] H. H. Kyu, D. Abate, K. H. Abate et al., “Global, regional, and
national disability-adjusted life-years (DALYs) for 359
diseases and injuries and healthy life expectancy (HALE) for
195 countries and territories, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017,” The Lancet,
vol. 392, no. 10159, pp. 1859–1922, 2018.

[11] V. Lajeunesse, C. Vincent, F. Routhier, E. Careau, and
F. Michaud, “Exoskeletons’ design and usefulness evidence
according to a systematic review of lower limb exoskeletons

used for functional mobility by people with spinal cord injury,”
Disability and Rehabilitation: Assistive technology, vol. 11,
no. 7, pp. 535–547, 2016.

[12] G. Chen, C. K. Chan, Z. Guo, and H. Yu, “A review of lower
extremity assistive robotic exoskeletons in rehabilitation
therapy,” Critical Reviews in Biomedical Engineering, vol. 41,
no. 4-5, pp. 343–363, 2013.

[13] S. Federici, F. Meloni, M. Bracalenti, and M. L. De Filippis,
“The effectiveness of powered, active lower limb exoskeletons
in neurorehabilitation: a systematic review,” NeuroRehabilita-
tion, vol. 37, no. 3, pp. 321–340, 2015.

[14] M. A. Campo, S. Weiser, and K. L. Koenig, “Job strain in phys-
ical therapists,” Physical Therapy, vol. 89, no. 9, pp. 946–956,
2009.

[15] L. J. Holanda, P. M. Silva, T. C. Amorim, M. O. Lacerda, C. R.
Simão, and E. Morya, “Robotic assisted gait as a tool for reha-
bilitation of individuals with spinal cord injury: a systematic
review,” Journal of Neuroengineering and Rehabilitation,
vol. 14, no. 1, p. 126, 2017.

[16] K. J. Nolan, K. K. Karunakaran, N. Ehrenberg, and A. G. Kes-
ten, “Robotic exoskeleton gait training for inpatient rehabilita-
tion in a young adult with traumatic brain injury,” in 2018 40th
Annual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC), 17–21 July 2018, Hono-
lulu, HI, pp. 2809–2812, IEEE Engineering in Medicine and
Biology Society, New York, NY, 2018.

[17] R. Bogue, “Exoskeletons and robotic prosthetics: a review of
recent developments,” Industrial Robot, vol. 36, no. 5,
pp. 421–427, 2009.

[18] B. M. Fleerkotte, B. Koopman, J. H. Buurke, E. H. van Assel-
donk, H. van der Kooij, and J. S. Rietman, “The effect of
impedance-controlled robotic gait training on walking ability
and quality in individuals with chronic incomplete spinal cord
injury: an explorative study,” Journal of Neuroengineering and
Rehabilitation, vol. 11, no. 1, p. 26, 2014.

[19] G. J. Androwis and K. J. Nolan, “Evaluation of a robotic exo-
skeleton for gait training in acute stroke: a case study,” Wear-
able Robotics: Challenges and Trends. Biosystems &
Biorobotics: Proceedings of the 2nd International Symposium
on Wearable Robotics, WeRob2016, October 18-21, 2016, Sego-
via, Spain, J. Onzález-Vargas, J. Ibáñez, J. Contreras-Vidal, H.
Kooij, and J. Pons, Eds., , pp. 9–13, Springer International Pub-
lishing, New York, NY, 2017.

[20] L. Brenner, “Exploring the psychosocial impact of Ekso bionics
technology,” Archives of Physical Medicine and Rehabilitation,
vol. 97, no. 10, article e113, 2016.

[21] C. Krzysztof, The influence of EKSO GT exoskeleton-based reha-
bilitation on step length and gait line length in patients with cere-
bral palsyFebruary 2016, https://www.researchgate.net/profile/
Krzysztof_Cygon/publication/299509883_The_influence_of_
EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_
and_gait_line_length_in_patients_with_Cerebral_Palsy/links/
56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-
exoskeleton-based-rehabilitation-on-step-length-and-gait-line-
length-in-patients-with-Cerebral-Palsy.pdf.

[22] A. S. Gorgey, R. Wade, R. Sumrell, L. Villadelgado, R. E. Khalil,
and T. Lavis, “Exoskeleton training may improve level of phys-
ical activity after spinal cord injury: a case series,” Topics in
Spinal Cord Injury Rehabilitation, vol. 23, no. 3, pp. 245–255,
2017.

[23] E. Høyer, G. S. Ingebretsen, S. L. Hansen, T. Glott, and
A. Opheim, “Can Ekso™ be a safe and feasible training device

7Rehabilitation Research and Practice

https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf
https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf
https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf
https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf
https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf
https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf
https://www.researchgate.net/profile/Krzysztof_Cygon/publication/299509883_The_influence_of_EKSO_GT_exoskeleton-based_rehabilitation_on_step_length_and_gait_line_length_in_patients_with_Cerebral_Palsy/links/56fcc2ec08ae1b40b8064b2a/The-influence-of-EKSO-GT-exoskeleton-based-rehabilitation-on-step-length-and-gait-line-length-in-patients-with-Cerebral-Palsy.pdf


for walking training in patients with hemiplegia after stroke?,”
Annals of Physical and Rehabilitation Medicine, vol. 57, article
e27, 2014.

[24] R. S. Calabrò, A. Naro, M. Russo et al., “Shaping neuroplasti-
city by using powered exoskeletons in patients with stroke: a
randomized clinical trial,” Journal of Neuroengineering and
Rehabilitation, vol. 15, no. 1, p. 35, 2018.

[25] A. Kozlowski, T. Bryce, and M. Dijkers, “Time and effort
required by persons with spinal cord injury to learn to
use a powered exoskeleton for assisted walking,” Topics in
Spinal Cord Injury Rehabilitation, vol. 21, no. 2, pp. 110–
121, 2015.

[26] V. Braun and V. Clarke, “Using thematic analysis in psychol-
ogy,” Qualitative Research in Psychology, vol. 3, no. 2,
pp. 77–101, 2006.

[27] United States Department of Health and Human Services:
Food and Drug Administration, Pre-market approval letter,
Silver Springs, MD, 2016.

[28] P. Gad, Y. Gerasimenko, S. Zdunowski et al., “Weight bearing
over-ground stepping in an exoskeleton with non-invasive spi-
nal cord neuromodulation after motor complete paraplegia,”
Frontiers in Neuroscience, vol. 11, p. 333, 2017.

[29] S. M. Glegg, L. Holsti, S. Stanton et al., “Evaluating change in
virtual reality adoption for brain injury rehabilitation follow-
ing knowledge translation,” Disability and Rehabilitation:
Assistive Technology, vol. 12, no. 3, pp. 217–226, 2017.

[30] K. J. Kim, D.-H. Shin, and E. Park, “Can coolness predict tech-
nology adoption? Effects of perceived coolness on user accep-
tance of smartphones with curved screens,” Cyberpsychology,
Behavior and Social Networking, vol. 18, no. 9, pp. 528–533,
2015.

[31] R. Blau, S. Bolus, T. Carolan et al., “The experience of provid-
ing physical therapy in a changing health care environment,”
Physical Therapy, vol. 82, no. 7, pp. 648–657, 2002.

[32] U. Pustułka-Piwnik, Z. J. Ryn, Ł. Krzywoszański, and J. Stożek,
“Burnout syndrome in physical therapists-demographic and
organizational factors,” Medycyna Pracy, vol. 65, no. 4,
pp. 453–462, 2014.

[33] S. Timmons, “Nurses resisting information technology,” Nurs-
ing Inquiry, vol. 10, no. 4, pp. 257–269, 2003.

[34] A. Bhattacherjee and N. Hikmet, “Physicians’ resistance
toward healthcare information technology: a theoretical model
and empirical test,” European Journal of Information Systems,
vol. 16, no. 6, pp. 725–737, 2007.

8 Rehabilitation Research and Practice



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

