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The road ahead for rehabilitation robotics

During President Barack Obama’s acceptance speech on the evening of
his 2008 Presidential election victory, he spoke about Ann Nixon Cooper, a
106-year-old woman who had voted in her first election. He spoke of all the
great things she had seen in her long life, then stated, “If my daughters
should be so lucky to live as long as Ann Nixon Cooper, what change will
they see, what progress will we have made?” The same sentiment can be
asked about rehabilitation robotic devices. As we move into the second
decade of the 21st century, we should pause and ask a very important ques-
tion: What is the future of rehabilitation robotic devices? Will these devices
become commonplace in every hospital and rehabilitation clinic or will they
become things of the past like so many other promising technologies? Will
we, as a rehabilitation community, break down the barriers between thera-
pists and engineers and work together or will there be continued division?
As two scientists and engineers who have worked in the area of rehabilita-
tion robotics for over a decade, we are encouraged by the future of the field
but concerned that there is not enough dialog regarding how we should
move forward. We are hopeful that this special issue of the Journal of Reha-
bilitation Research and Development dedicated to rehabilitation robotics
will stimulate discussion and thought on these important questions.

Understanding the future of rehabilitation robotics is quite complex,
because we must first answer a number of related questions. For example,
(1) What is the goal of the robot? (2) What are the barriers to the clinical
acceptance of robotic devices in rehabilitation? (3) What should future
robotic devices look like; should they be more portable and perhaps stay
with the patient as they transition from inpatient care to home? While these
questions are difficult to answer, they are critical in shaping the future of the
field. Too often we find that engineers come up with ideas for new devices,
yet they have not worked with clinicians enough to adequately understand
key goals for their systems, how the systems should interact with the patient,
and ultimately, how the systems will be accepted in a rehabilitation clinic.
While these questions are broad and require more than a short editorial to
answer, we wanted to touch on them to begin a dialogue.

We often get so caught up in the technology that we overlook the obvi-
ous. For instance, what is the goal of the robot and what advantages does the
robot offer the patient and/or therapist? We argue that robots should be
developed to assist with therapeutic activities that are difficult or impossible
for the therapist to administer alone. For example, attempting overground
gait and balance training in a patient with both heavy weight and low func-
tion is difficult and unsafe for the average therapist. Devices such as ZeroG
(Hidler et al. [1]) can alleviate a portion of the patient’s body weight to com-
pensate for weakness in lower limbs and can safeguard him or her against
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falling. The goals of such devices are to assist the
therapist so that they may safely train patients in
standing, walking, and performing balance activi-
ties early after injuries. These tasks are difficult for
therapists; however, with robotic technologies, they
are possible. Unlike treating gait and balance, in
which safety is a principal concern, upper-limb
therapies present other unique challenges. For
example, delivering intensive hand therapy is often
difficult in patients following stroke and traumatic
brain injury since these patients may have tone and
spasticity that results in a fist-like posture. Devices
such as HEXORR [2] and HandSOME [3] can
assist patients as they practice opening and closing
their hands, a task that is quite difficult for a single
therapist to assist with. Overall, we believe the goal
of rehabilitation robotic devices should be to assist
therapists in performing the types of activities and
exercises they believe give their patients the best
chance of a functional recovery.

The examples given earlier demonstrate that
robotic devices can fill the gaps in rehabilitation
where it is difficult and/or unsafe for a therapist to
attempt to deliver a particular type of therapy. This
should be a key goal of all rehabilitation robotic tech-
nologies, yet is often overlooked because engineers
do not talk with clinicians during the most important
stage of the technology development cycle: the plan-
ning stage. Attendees of the International Conference
on Rehabilitation Robotics (ICORR) can quickly see
the problem. First, very few clinicians attend the
meeting, yet these are the end-users of rehabilitation
robots. Meetings such as ICORR, the International
Conference on Robotics and Automation, and other
technical symposia should be promoted in the clini-
cal community so that clinicians attend and provide
critical feedback to the engineers. Second, some
newer devices are incredibly complicated, both from
an engineering and a usability point of view. In the
United States, a typical rehabilitation treatment ses-
sion is 1 hour long, and therapists are often required
to treat multiple patients during that time. If a device
requires 2 hours to set up, the likelihood it will ever
be adopted in the clinical community is very small. It
seems to us that “simple-to-use” devices are more
likely to be adopted by the clinical community than

those that have long set-up times or require multiple
therapists and/or aides to use. If patients could begin
therapy sessions quickly, this would translate into
more time for repetitions and activities and thus,
greater functional outcomes. Unfortunately, easy-to-
use does not necessarily translate into low cost. In
fact, sometimes being able to deliver easy-to-use,
highly flexible systems results in substantial costs.
Ultimately, for devices to gain widespread accep-
tance in small rehabilitation clinics, the costs of these
systems must come down.

The rehabilitation community as a whole needs to
think about how to deliver cost-effective therapy in the
future and what that therapy should look like. That is,
in the current rehabilitation model, patients who expe-
rience a neurological injury (i.e., stroke, traumatic
brain injury) will spend about 1 month as an inpatient
in an acute rehabilitation hospital and then spend a few
more months doing physical therapy on an outpatient
basis. At that point, healthcare providers often stop
paying for continued treatment and in their mind, the
neurological injury “episode” is considered complete.
But isn’t this a naive way of looking at the problem?
Why do we approach rehabilitation in these people as
temporary and not as a lifelong endeavor? Most peo-
ple go to the gym all their lives to maintain a certain
level of fitness and well-being. Why shouldn’t we see
therapy, particularly after major neurological injuries,
as something that these patients should do for the rest
of their lives? For those fortunate enough to experi-
ence significant gains in function, perhaps the therapy
will transition more toward exercise. Rehabilitation
should not be thought of as an activity people do for a
short amount of time after they experience a major
neurological injury but instead as a permanent activity
they will continue for their entire life. Even extending
the rehabilitation cycle to 1 year postinjury would
be an important first step.

Assuming that this philosophy of extended reha-
bilitation, or perhaps lifelong rehabilitation, is one
day adopted, the U.S. healthcare system could never
afford the costs associated with it using the current
model of care. Perhaps this is a void that robotic
devices could fill. What if we could develop cost-
effective robots that could be used both in acute reha-
bilitation hospitals and at home by patients so that
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they could continue their therapy? Telemedicine and
telerehabilitation are gaining momentum, so it is not
inconceivable that we could build remote monitoring
and easy-to-use features into rehabilitation devices so
that therapists could work with patients at home [4—
5]. This would allow patients to continue their ther-
apy beyond the typical number of sessions most
healthcare systems currently allow and even moti-
vate patients who know that their activities can be
monitored remotely by their doctor and therapist.
The road ahead for rehabilitation robotic devices
is uncertain but promising. The field has come a long
way over the last decade but we must now pause,
reflect, and carefully consider the direction we should
go. In this single-topic issue dedicated to rehabilita-
tion robotics, we have assembled an outstanding col-
lection of articles that introduce, review, and study
various upper- and lower-limb robotic technologies.
Tefertiller et al. provide a much-welcome clinical per-
spective with a comprehensive review of the evidence
to date for the efficacy of robotic devices for lower-
limb therapy [6]. The latest in overground gait train-
ing systems is represented in this issue with an article
on ZeroG [1]. Three articles tackle the critical issue of
determining the most appropriate control algorithms
and human-machine interfaces. Brokaw et al. describe
a novel joint-based algorithm for training functional
activities with the ARMin robot [7], and Acosta et al.
show that while video games can provide a motiva-
tional interface, they will be most effective if
designed to target specific impairments [8]. While
adaptive control algorithms are under development
based on actual task performance, Koenig et al. dem-
onstrate the feasibility of real-time estimation of
psychological state (i.e., motivation, stress level,
attention), which can be used to optimally grade task
difficulty [9]. Robotic therapies that can be delivered
acutely may have the largest effect on function, but
studies in this population are relatively rare so we are
very pleased to include two articles on this topic.
Masiero et al. review their work with the NeReBot for
acute arm therapy after stroke [10], while Burgar et al.
highlight the importance of providing higher therapy
intensities (hours of therapy per day) in an acute
stroke study using the MIME robot [11]. Three arti-
cles address the potential effect of robots as objective
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measurement tools. Scott and Dukelow present a
rationale for how robots may improve rehabilitation
practice by providing an objective means of quantify-
ing motor, sensory, and cognitive impairments [12].
Peng et al. present their manual spasticity evaluator
[13], and Roy et al. show that impedance-controlled
robots such as the Anklebot can be used to assess sin-
gle-session motor learning and retention [14]. In line
with this editorial’s emphasis on lifelong rehabilita-
tion, two articles present robots with potential as take-
home devices. Shorter et al. discuss their portable
active ankle-foot orthosis, an untethered wearable
device for rehabilitation of gait disorders [15], while
Perry et al. address issues of usability and cost reduc-
tion with a variable pantograph mechanism that can
be quickly reconfigured for different tasks or joints in
the upper limb [16]. Finally, the potential use of
robotic therapy in maintaining function in degenera-
tive disorders has been largely unexplored. Wier et al.
present a notable exception with their work in the
multiple sclerosis population using the Lokomat [17].
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