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Purpose/Hypothesis : Rigid exoskeletons are the state of the art in wearable roboticst. These
remarkable machines have enabled individuals who are unable to walk, to walk again. However,
for those that retain the ability to walk following neurological injury, such as the majority
poststroke, rigid systems may not be necessary to restore more normal walking behavior?. Our
group thus developed soft wearable robots (exosuits) made from garment-like, functional textiles.
As previously described?®, forces generated by actuators are transmitted to the wearer’s paretic
ankle during walking via the interaction of cable-based transmissions and the exosuit’s functional
textiles. In preliminary, treadmill-based studies, we demonstrated that exosuits actively assist the
paretic limb during walking in a manner able to improve ground clearance, increase propulsion
symmetry, and, ultimately, reduce the high energy cost of walking after stroke*. Nonetheless, the
utility of exosuits in overground contexts has yet to be demonstrated. The present study evaluates
the effects of a portable exosuit prototype on the overground walking function of persons
poststroke.

Number of Subjects : Four subjects >6 mo poststroke.

Materials/Methods : Participants completed 2 days of testing. On day 1, participants’ baseline
walking was evaluated. The 10-meter walk test (10mWT) measured short-distance maximum
walking speed and the 6-minute walk test (6MWT) measured long-distance walking function.
Following baseline testing, participants donned the exosuit and its actuator and were provided up
to 12 minutes of exposure to walking with the exosuit delivering assistive forces (i.e., active). To
enable evaluation overground, an untethered, waist-mounted actuator pack was used.
Importantly, formal training on how to walk with the exosuit was not provided. On day 2, which
took place between 1 and 2 weeks later, participants completed the 10mWT and 6MWT with the
exosuit active. Changes in walking performance between the baseline and active testing
conditions were measured as mediantSIQR and compared to the known clinically meaningful
differences of 0.14 m/s and 34.4 m for the 10mWT and 6MWT, respectively®. Changes in walking
speed per minute of the 6MWT were also evaluated.

Results : When walking with the exosuit active, participants walked 0.16+0.05 m/s faster during
the 10mWT and 41+17 m farther during the 6MWT (Ps < 0.05)—changes larger than the
established clinically important differences. The 41 m average gain in walking distance observed
over the duration of the 6MWT was driven by an average gain of 0.12+0.01 m/s per minute of the
test.

Conclusions : Exosuits offer a new opportunity for overground gait assistance for individuals
who may not benefit from existing assistive devices.

Clinical Relevance : The exosuit technology has the potential to enable physical therapists to
target the specific biomechanical deficits contributing to walking-related disability after stroke both
in the clinic and directly in free-living settings.



FUNDING: This work was supported by the American Heart Association (15POST25090068), the
Defense Advanced Research Projects Agency (DARPA) Warrior Web Program (W911NF-14-C-
0051), the Harvard University Star Family Challenge, the Wyss Institute for Biologically Inspired
Engineering at Harvard University, and the Harvard John A. Paulson School of Engineering and
Applied Sciences.

REFERENCES:

1. Louie DR, Eng JJ, Lam T. Gait speed using powered robotic exoskeletons after spinal cord
injury: a systematic review and correlational study. Journal of neuroengineering and rehabilitation.
2015;12:82.

2. Veale AJ, Xie SQ. Towards compliant and wearable robotic orthoses: A review of current and
emerging actuator technologies. Medical engineering & physics. 2016.

3. Bae J, De Rossi SMM, O’Donnell K, Hendron K, Awad LN, Teles Dos Santos TR, De Araujo
VL, Ding Y, Holt KG, Ellis TD, Walsh CJ. A Soft Exosuit for Patients with Stroke: Feasibility Study
with a Mobile Off-Board Actuation Unit. In: IEEE International Conference on Rehabilitation
Robotics (ICORR). 2014:131-138.

4. Awad L, Bae J, O’Donnell K, Hendron K, Allen S, De Rossi S, Holt K, Ellis T, Walsh C. Soft
Wearable Robots Can Reduce the Energy Cost of Poststroke Walking: A Proof-of-Concept Study.
In: APTA Combined Sections Meeting. Anaheim, CA; 2016.

5. Louie DR, Eng JJ, Feigin V, Krishnamurthi R, Parmar P, Norrving B, Mensah G, Bennett D,
Mukherjee D, Patil C, Kwakkel G, Kollen B, Bohannon R, Andrews A, Smith M, et al. Powered
robotic exoskeletons in post-stroke rehabilitation of gait: a scoping review. Journal of
NeuroEngineering and Rehabilitation. 2016;13:53.



