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Introduction

Stroke-induced gait deficits often limit gait training intensity and
repetition—training parameters known to drive experience-
dependent neuroplasticity. We posit that soft robotic exosuits'
that provide paretic plantarflexor and dorsiflexor force assistance
during the appropriate phases of the gait cycle have the potential
to facilitate gait training at higher intensities and for longer
durations than may be achieved without exosuit assistance. Our
prior work shows that exosuit assistance leads to greater
energetic efficiency, improved propulsion symmetry and ground
clearance!, and reduced gait compensations® during steady-state
treadmill walking. People post-stroke also self-select faster
overground walking speeds and walk farther distances with
exosuit assistance®. Taken together, these orthotic benefits have
potential to be applied during gait training to enhance therapeutic
outcomes. However, gait training often does not occur at
comfortable, self-selected walking speeds. Fast training speeds
are often prescribed not only to address speed deficits after
stroke, but to also increase training intensity and, in turn, enhance
experience-dependent neuroplasticity. We hypothesize that
exosuit assistance will provide the propulsive support required to
achieve faster walking speeds and the ground clearance support
needed to reduce or delay gait instabilities at faster speeds, thus
facilitating faster walking for longer durations, and consequently,
a higher training intensity and dose, as measured by exercise test
time and VO, peak achieved before physiological deterioration,
gait instability, or fatigue require that testing be terminated.

Methods

We evaluated the effects of exosuit assistance using two speed-
based maximal effort graded exercise tests* that spanned
participants’ self-selected speed range, up to the maximum
walking speed they could safely tolerate. Participants completed
one with and one without exosuit assistance (no-exosuit). Tests
started at 80% of comfortable overground walking speed for 2
minutes followed by an increase in treadmill speed by 10% of the
starting speed every 2 minutes until test termination. Stopping
criteria included reaching peak volitional fatigue or meeting any
physiological or physical (e.g., gait instability judged to be unsafe
by a licensed physical therapist) criteria®®. Indirect calorimetry
and electrocardiogram data were collected continuously during
the tests. The final 30 seconds of steady-state walking—
identified based on standard deviation® and visual inspection of
indirect calorimetry data—were averaged and normalized to
body mass to compute VO, peak (ml O»/kg/min). Test duration
is presented in minutes. Maximum walking speed refers to the
final treadmill speed (m/s) achieved.

This study is ongoing. Available data for test duration, fastest
walking speed, and VO, peak achieved for all completed subjects
are presented in this preliminary report. Descriptive statistics and
individual data are reported as median + semi-interquartile range.

Results and Discussion

Data from 8 individuals >6 months post-stroke (58+13 yrs. old, 2
females, 2 right paretic) are presented. Participants walked a
median two stages longer (range: -2 to +5 stages) with exosuit
assistance compared to no-exosuit, resulting in a longer test

duration (+17%; 1442.8 vs. 10£1.5 minutes) (Fig. 1A), faster
maximum speed (+7%; 1.01£0.12 vs. 0.95+0.13 m/s) (Fig. 1B),
and higher VO, peak (+9.5%; 16.6+2.5 vs. 14.7£1.3 ml
02/kg/min) (Fig. 1C). At the individual level, six out of eight
participants increased both test duration and fastest walking
speed achieved, one reduced both measures (Fig. 1A & 1B, red),
and one had no change in either measure (Fig. 1A & 1B, black).
In addition, five participants achieved a higher VO, peak (range:
+1.8% to +24%), and three achieved a lower VO, peak (range: -
3.1% to -21%) (Fig. 1C, red). During no-exosuit testing, three
participants were stopped due to gait instability, three due to
physiological deterioration, and two because of volitional
fatigue. For two participants, the reason for stopping the test was
altered by exosuit assistance: one continued to a later stage
without physiological deterioration and was later stopped due to
gait instability, and one stopped at an earlier stage due to gait
instability. A third participant presented with physiological
deterioration during the same stage as the no-exosuit condition.
For all other participants, tests were stopped for the same reasons
across conditions, with exosuit assistance delaying the onset of
stopping criteria.
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Figure 1: Median test duration (A), maximum speed (B), and VOzpeak
(C) between conditions.

Significance

These preliminary results suggest that soft robotic exosuits may
enable individuals with post-stroke hemiparesis to walk for
longer durations and at faster training speeds, and thus facilitate
clinical gait training at the intensities and durations necessary to
drive experience-dependent neuroplasticity and maximize
locomotor recovery.
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