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Acute adaptations to walking using a wearable hip»@skeleton
Immediate Adaptations to Post-Stroke Walking Perfomance Using a Hip
Wearable Robotic Exoskeleton

Abstract

Objective: To examine the immediate effects of a hip-assistigarable robotic exoskeleton on
clinical walking performance, walking energeticajtginematics, and corticomotor excitability

in individuals with stroke.

Design: Randomized cross-over trial.

Setting: Research laboratory of a rehabilitation hospital.

Participants: Twelve individuals (4F/8M, mean age 57.8+7.2) wititonic hemiparetic stroke.

Interventions: Honda’'s Stride Management Assist (SMA) exoskelgtdnich provides torque-

based flexion and extension assistance at theohitsjduring walking.

Main Outcome Measures:The primary outcome measure was change in settssl walking
speed with the device off vs. with the device cecdhdary outcome measures included changes
in clinical endurance, energy expenditure, kineosatnd corticomotor excitability of lower

limb muscles.

Results: In a single session using the device, participaritsbited adaptations over most

outcome measures. Self-selected walking speed eaildtpeadmill speed increased, while



Acute adaptations to walking using a wearable hip»@skeleton 2

oxygen consumption rate decreased during overgranddreadmill endurance tests. More
symmetric walking patterns were observed duringdneill walking. Changes in corticomotor
excitability were highly variable among participgntvith a non-significant increase in

excitability for the paretic rectus femoris.

Conclusions: The SMA hip exoskeleton causes immediate posidaptations in walking

performance in individuals with stroke when theidevs in use.

Key words: intervention; outcomes research; wearable robdtigascranial magnetic

stimulation



Acute adaptations to walking using a wearable hip»@skeleton

Abbreviations

6MWT Six-Minute Walk Test

ACC Angular coefficient of correspondence
BWSTT Body-weight supported treadmill training
EMG Electromyography

FV Fast velocity

FWHM Full Width at Half-Maximum

MEP Motor-evoked potential

MCID Minimal clinically important difference
SMA Stride Management Assist

SSV Self-selected velocity

RF Rectus femoris

TA Tibialis anterior

™ Treadmill

TMS Transcranial Magnetic Stimulation
VO2 Oxygen consumption rat
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Introduction

Deficits in sensorimotor control and subsequerdlalgy in ambulation are common
manifestations of stroke. Individuals with strokegperience reduced range of motion,
insufficient forward and backward propulsion, irfgiént weight shift between the non-paretic
and paretic legs, muscle atrophy, weakness, arglisipa resulting in compensatory
mechanisms and asymmetrical walking patterns [xBhormal hip and pelvis movements
compensate for ineffective knee progression antidiearance. These altered compensatory
technigues result in poor walking mechanics, higbrgy expenditure, and reduced gait speed
[4-6], which contribute to limited community moltytiand social interaction [7-8]. As such,
improving walking function is often cited as a pam rehabilitation goal for this population [9-

14].

Current therapeutic practices emphasize increatémmcount to improve post-stroke
ambulation. Body-weight supported treadmill tragn(BWSTT) and robot-assisted gait have
shown positive effects on walking ability and fupnat[15-19]. However, in a rehabilitation
setting these methods are typically limited to julowg stepping practice on a treadmill or
constrained environment, and do not provide thderge and specificity of walking practice
over-ground. Unconstrained robotic exoskeletongeweising tools to facilitate gait
rehabilitation, as well as supporting community iligband activities of daily living beyond the
clinical environment. At present, a substantial amaf wearable robotics research targets
powered lower limb exoskeletons for severe impaitsier joint-specific devices, such as the
foot and ankle actuation systems [19-22]. Soft timsdas also become an emerging area of

research [23], where the devices have little toigid material. Preliminary results indicate that
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one such device has the potential to reduce meatatmdt during walking [24]. However, there
are very few studies that have looked at the imphatlight-weight hip wearable robotic
exoskeleton on improving walking performance ingtreke population suffering from mild-

moderate gait deficits.

The Stride Management Assist (SMA) robotic deviesweveloped by Honda R&D
Corporation to enhance walking performance ancease the community mobility and social
interaction in elderly adults and patients witht gésorders [25-27]. The SMA provides torque-
driven assistance to voluntary movement at thgdiips, augmenting hip flexion and extension
independently for each side. In the elderly popaoiatthree-month SMA use significantly
improved walking speed and reduced glucose metahah lower limb muscles [27]. Similarly,
previous studies in young adults showed that thé\ 8Mreased the walking ratio (step
length/cadence) [25] and reduced the metabolicalostilking over a single session [28]. In
individuals with stroke, 6-8 weeks of gait trainiwgh the SMA improved clinical outcomes,
stepping activity, and corticomotor excitability thie rectus femoris [29], as well as gait
kinematics [30], similar to or better than integsiatched functional gait training without the
exoskeleton. At present, the time-course of thegeavements is unclear, as are the relative
contributions of the device and dosage. It remtrise seen how the SMA affects clinical
outcomes in a single session for a neurologicatiyaired population. The impact of a single
training session is of interest to therapists dimdcgans so they can quickly determine whether
an intervention is appropriate for an individualigat. This would help them design training
dosages (or decide to pursue other interventians)aximize and maintain clinical outcomes for

each patient.
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The purpose of this preliminary study was to exantire immediate effects of walking with the
SMA on functional walking ability in individuals gb-stroke. We tested the hypothesis that a
single session of walking with the SMA would elieiimediate adaptations in gait, including
walking speed, energetics, kinematics, and cortaonexcitability of lower limb muscles. We
measured gait outcomes while the SMA was both @aend inactive, to account for potential
secondary effects of wearing the exoskeleton on(gaj. added mass, physical structure, and

placebo effects).

Methods

Participants

Twelve individuals with chronic unilateral strokexe recruited (4F/8M, mean age 57.8+7.2).
Demographic information for all participants iddid in Table 1. All participants were able to
walk independently on level ground, and were alldieuse assistive devices or bracing as
needed during training and testing. The study wwasaved by the IRB at the Northwestern

University, and all participants provided writteonsent.

Inclusion criteria for the study were: 1) histofyome unilateral, supratentorial, ischemic or
hemorrhage stroke, with lesion location confirmgddiographic findings, 2) gait speed less
than 0.8 m/s (limited community ambulators), as sneed through a 10-Meter Walk Test, and
3) medically stable with medical clearance to pgtite (absence of concurrent illness,
including unhealed decubiti, infection, cardiopulmoy disease, osteoporosis, active
heterotrophic ossification, peripheral nerve damaghe lower limbs, and a history of traumatic

head injury). Exclusion criteria for the study wetgbody weight of more than 250 Ibs, which is
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the limit of most counter-weight safety systemg] ahpregnancy, due to potential forces at
trunk from BWS or pelvic assistance. Exclusionesid for measuring corticomotor excitability
using Transcranial Magnetic Stimulation (TMS) wegyacemaker, metal implants in the head
region, history of epilepsy or seizures, skull fumes or skull deficits, concussion within the last
6 months, unexplained recurring headaches, meditwathat lower seizure threshold, and

pregnancy.

SMA Device

The Stride Management Assist (SMA) is a roboticicedeveloped by Honda R&D

Corporation (Japan), which assists hip flexion extegnsion for each leg independently. The
SMA is worn around the waist like a belt, with 218hless DC motors at the hip joints that
generate assistive torque, transmitted to thevegBames at the mid-thigh. The device is
operated using custom software on a tablet, wHiolwa the user or a physical therapist to
change assist settings while the user is wear@®MA. The device weighs 2.8 kg, with a
rechargeable lithium ion battery. The operatioretimmapproximately 2 hours on a single charge

for continuous walking at 4.5 km/hour.

The SMA control architecture uses a mutual rhytiehresne to influence the user’s walking
patterns. Angle sensors embedded in the SMA acgid&dect the user’s hip joint angles
throughout the gait cycle. These angles are inpthaé SMA controller, which calculates hip
joint angle symmetry. The device then generatastasstorques at specific instances during the
gait cycle to regulate these walking patterns. O$er initiates walking and controls their

walking speed. After initial contact, the extensmgue initiates and reaches its peak just before
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mid-stance. The SMA then switches to flexion ashising terminal stance. The flexor torque
reaches its peak around initial swing. Finally, 8MA switches to extension assist during
terminal swing, and the cycle repeats. Peak tovagiiees for flexion and extension ultimately
depend on user input. While the SMA is capableuppotting a maximum of 6 Nm of assist
torque, peak torque values are contingent uponhiggoint dynamics determined from the
angle sensors. The SMA automatically manipulatesmalking motion to increase walk ratio
(step length/cadence) providing torque assistandeglhip flexion and extension movements
when walking is initiated. For example, if the SMatects hip joint angle asymmetry, then the
SMA assist pattern follows a more flexion dominamtve for the leg with shorter stride length,
in an attempt to better support the user. Depenaingser hip joint angles, the peak flexor
torque may be less than 6 Nm. The SMA is desigagutdvide assistance only in the sagittal

plane; it does not restrict movement in other diosrs.

Randomization and training protocol

A randomized cross-over design (Fig. 1) was implaeet in this study. Participants were
stratified to either a device-on (ON) or device{@fFF) condition. Outcome measures were
collected under this condition in a single sessidter one week, the participant crossed-over to
the other condition and the same measures werected in a single session. Because all
participants completed both conditions, they aetetheir own controls. All participants were
acclimated to the device with a single 30-45-mirttaening session with a licensed physical
therapist. In this session, therapists introdubeddevice and participants practiced walking with
the device in a 12-m long hallway, with rests asdsel. Participants first walked with the device

donned but turned off, then the therapist turneddévice on and provided contact guarding until
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Acute adaptations to walking using a wearable hip»@skeleton 9

the participant felt comfortable walking indepentiennder supervision. Once the therapist was
satisfied that the participant could walk safetyeépendently, and comfortably with the device
under supervision, the participant was randomljgassl to the ON or OFF condition without
being told to which group they were assigned. Asteone week was required between

conditions to allow for wash-out.

—-- [Fig. 1] -

Testing and evaluation protocol

The primary outcome measure was change in sel¢tselevalking speed between the ON and
OFF conditions. The secondary outcome measureschiargyes in fast walking speed,
endurance, energetic efficiency, kinematics, anmtlammotor excitability of paretic lower limb

muscles between the two conditions. The measukpraicedures are described below.

» Self-selected walking velocity (SSV) and fasteslkimg velocity (FV): Participants
walked in a straight line on an instrumented walk\{@aitMat 1I®, Equitest Inc,
Chalfont) using their self-selected pace and fastee pace. Three trials were averaged

at each speed.

* Six-minute walk test (6MWT): Participants were msted to cover as much distance as
possible during six minutes. They walked up andmavstraight hallway, and distance

was measured.
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139 » Graded treadmill test: Participants walked on @triitmented treadmill with harness but
140 no body weight support. Testing started at 0.5 kamth was increased in 0.5 km/h

141 increments every 3 minutes until peak treadmilkesp@as achieved (identified as ability
142 to sustain speed fagrlmin without stopping the treadmill).

143

144 » Energetic efficiency: Oxygen consumption rate (V@2ye measured during the six-
145 minute walk test and graded treadmill test fronoeable metabolic system (K4b2,

146 CosMed Srl., Rome, Italy). Baseline measures whtaimed during five minutes of

147 sitting immediately prior to walking.

148

149 » Kinematic measures during SSV treadmill walkingmeo extremity kinematic data were
150 collected using a motion analysis system (Motioralsis Corp, Santa Rosa, CA). The
151 system includes six strategically positioned charg@pled device video cameras

152 (VC491,; Oxford Metrics), a minicomputer (PDP 11/E8gital EQuipment, Maynard,
153 MA), and software (Visual 3D, C-motion; GermantowfD) for the collection and

154 analysis of the data. Twenty-one spherical reflectnarkers, one inch (25.4 mm) in
155 diameter, were placed over predetermined anatoraicdmarks on the trunk and the
156 upper and lower extremities using the modified €laud Clinic Marker Set (Motion

157 Analysis Corporation, Santa Rosa, CA). The SMA atinér reflective surfaces were
158 covered with non-reflective tape. Participants edllon a treadmill at the speed

159 determined from the over-ground SSV measure. Adssrattached to the suspension
160 system was used for fall prevention, with no boayght support. Position coordinates

161 for the markers on both sides of the body wererdEmbsimultaneously at 100 Hz with
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use of the phase-locked cameras. This allowedtHree-dimensional reconstruction

of the motion of all of the major joints of the wr@nd lower extremities.

Angular coefficient of correspondence (ACC) [31:3@p/knee kinematics were
assessed bilaterally to determine the consistehsggttal plane hip/knee trajectories,
calculated by vector coding. The difference betwegrh successive motion frame for
hip angle values and knee angle values was transtbmto a vector, with both direction
and magnitude, using the methods described in 31§ vector was computed in 1%
increments of the normalized gait cycle. The AC@risaverage of all vector lengths,
representing the degree of consistency betweeartdknee angles across multiple gait
cycles. An ACC of 1.0 signifies perfect consistensfierein the relative motion between
the hip and knee are in complete agreement oveadltycles. An ACC of 0.0 signifies
no consistency between hip and knee angles. Pesitianges in ACC indicate improved

coordination of a limb.

Full Width at Half-Maximum (FWHM) [33]: the periodpam of stepping frequency was
created from the data obtained using an electigoméometer at the hip joint. Maximum
power was determined at the appropriate frequetmysistent with cadence estimates).
The width of the peak at half-maximum power wastbalculated in Hz. Low values of
FWHM indicate rhythmic and periodic stepping, wlardigh values suggest erratic
stepping, such as stumbling or foot dragging [B#gative changes in FWHM indicate

improved periodicity in stepping patterns.
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» Corticomotor excitability (CME): motor-evoked potats (MEPS) estimated excitability
of the paretic rectus femoris (RF — hip flexor &nee extensor) and tibialis anterior (TA
— ankle dorsiflexor) during SSV treadmill walkindEPs were induced using
transcranial magnetic stimulation (TMS), A doubdme coil (Magstim 200, Wales, UK)
delivered TMS at a minimum frequency of 0.25 Hzakzed on the muscle hotspot in
accordance with [35]. A hotspot is the locationnootor cortex producing the maximum
MEP response for the contralateral muscle at tivedo stimulator intensity. For RF,
MEPs were evoked at 120% active motor threshdgtermined during points in the gait
cycle that corresponded to the muscle’s peak dadivaFor TA, motor excitability was
probed during late swing to maintain consistenay\wrevious studies [36-37]. During
walking, electromyography (EMG) containing 10 ME¥s muscle was recorded during
the ON and OFF conditions. The averaged MEP aregpascentage of background
activity was calculated for each response. For @acticipant, we then calculated a
percentage normalized to the change in the MEPiaurdplfor each muscle with the

device ON compared to when the device was OFF.

TMS Protocol

A previously established TMS protocol was emplogedbtain measures of CME during
walking [36-37]. A pulley system supported the TktSl cable over the participant's head. Coil
position was primarily maintained by Velcro® tagesured between the inside of the coil and
the top of a linen cap. Slight adjustments to iémosition were made until MEPs0.4 mV
were elicited from TA with minimal TMS intensity. éhin strap was then attached to the coil,

and foam pads were inserted between the head anaténal aspects of the coil to increase
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stability of the placement. This allowed subjectsvalk naturally and move their head freely
between trials without disturbing the coil locati@vil position was checked frequently during

data collection, and no changes were detectedhfpparticipant.

Following data collection, pre-trigger root meamag EMG amplitude (mV r.m.s.) was
calculated for the 40 ms of data just prior togtimulus, and MEP amplitude (mV peak-to-

peak) was calculated using custom code in MatladtliM/orks, Natick, MA).

To match for similar levels of background activéigross time periods, responses were discarded
if they were associated with high or low amplityme-trigger EMG to bring the range and mean
pre-trigger EMG amplitudes for each subject andaleut® within 2%. After this processing,

typically 10 responses remained for each condition.

Statistical Analysis

Paired sample t-tests were performed for all rawsuees to compare the ON and OFF
conditions, since all participants were their ovantcols and the test of normalcy showed a
normal distribution of the data. For CME, one-saartpiests were performed to compare the
percentage change in CME to 0. The significancel leras set at p<0.05. The 95% confidence
intervals are reported for the difference betwedhadd OFF conditions. All statistics were

performed in SPSS Version 20 (IBM Co., NY).

Sample Size Estimation
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Sample size was chosen using a superiority tebtesiiss-over design [38]. The superiority
margin was taken as the suggested Minimal Clirydatiportant Difference (MCID) for the
primary outcome, walking speed. MCID for self-sédelcwalking speed for a stroke population
was taken as 0.06 m/s [39]. To achieve 80% powtr avsignificance level of 0.05 and an

estimated population variance of 0.01 m/s, the $asipe is 9 participants.

Results

Changes in the outcome measures between the ONBRa@onditions are given in Table 2 for
each participant. The primary outcome measuresg#dicted walking speed, is shown in Figure
2 for the baseline (not wearing the device), arth wie device OFF and ON. Paired t-tests
reveal no significant difference in SSV betweenreias and the OFF condition (p=0.13). Self-
selected walking speed increased by 8.6% (SEMw#t8)the SMA in the ON condition (Fig.

3A; p=0.012; 95% CI =[0.008, 0.097] m/s). Thereswa difference in fast velocity (p=0.96;

95% Cl = [-0.061,0.058] m/s).

- [Fig. 2] -

Peak treadmill speed tolerated also increased gltine graded treadmill test (Fig. 3B; p<0.001;
95% CI =[0.08, 0.14] m/s). Average distance walkiluring the 6MWT increased, though this
difference was non-significant (p=0.061; 95% CI£8, 66.5] m). Maximum and average VO2
costs decreased in the graded treadmill test (240956% CI = [-0.14, 0.03] mL/kg/km) and

6MWT (p=0.019; 95% CI = [-67.6, -2.3] mL/kg/km),g@ectively (Fig. 3C).
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Intralimb kinematic variability, measured using eage ACC, increased on the paretic and non-
paretic sides with the SMA ON (Fig. 3D; p’s<0.005% CI = [0.030, 0.096] paretic, [0.093,
0.12] non-paretic). Stepping periodicity, measwsithg FWHM, also decreased in both the
affected and unaffected sides of the stroke pp#ids (Fig. 3E; p’'s<0.017; 95% CI = [-0.017, -

9.0x10"] paretic, [-0.019, -4.3xIf] non-paretic).

- [Fig. 3] -

Changes in CME are presented from the paretic RFfé&nmuscles in Fig. 3F. We were able to
elicit MEPs in the RF muscle in 11 of the 12 papants. Average excitability of the paretic RF
increased by 20.8% (SEM 11.2), though this wassignHicant (p=0.095; 95% CI =[-3.9, 41.9]
%). Of the 11 participants, nine showed an incréasee MEP amplitude with the device ON
compared to when the SMA was OFF. This incread¢&P amplitude ranged from 2% to 90%,
indicating a high variability in CME in responsethe exoskeleton assistance. We were able to
evoke an MEP from the TA in 10 of the 12 particifzaverage excitability of the paretic TA
decreased by 14.8% (SEM 10.9), though this wassigmificant (p=0.18; 95% CI = [-34.5, 7.5]
%). Of the 10 participants, seven showed a decliedbe MEP amplitude with the device ON
compared to when the SMA was OFF. Two participahtaved small increases, and one showed

a large increase in MEP amplitude with the devité O

Discussion

Over a single session of use with the SMA hip dewee found significant improvements in

measures of walking performance in chronic strakgepts. Self-selected walking speed and
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spatiotemporal gait symmetry increased with SMA @@ results also indicate that assistance
from the SMA enabled patients to maintain a highée of speed while consuming less oxygen.
These findings confirm that a hip-assistive exostael elicits an immediate impact or adaptation
on walking and functional capabilities in individsavith chronic stroke and mild-moderate gait

impairments.

The cross-over study design, in which measures ta&en with the device OFF and ON, was
selected to minimize the potential of a placebeafbf wearing a gait-assistive device designed
by large commercial manufacturer such as Honda.SIa in its ON mode increased self-
selected walking speed in these participants witl-moderate gait impairment. Our previous
work has shown that long-term SMA training speaeiliig increases stride length while
decreasing double support time and swing time [@8anges in walking speed were not

observed in the fast velocity condition.

During the graded treadmill test, participants waoke to reach higher maximum walking speeds
on the treadmill with the device in ON mode. Impments in exercise capacity were
substantiated by measures of energy efficiencyrevtiee oxygen consumption rates were
reduced in both the graded treadmill and six-minvaék tests. This has been shown previously
in younger adults walking with the SMA over a sagkssion [28]. Traditionally, increased
metabolic demands during gait training has beeachas a limiting factor in the administration

of physical therapy and rehabilitation [40-42]. 3 hmakes the SMA a promising
exercise/therapeutic tool, since reducing the n@i@demand during strenuous gait training

may enable greater walking-related gains post-str8kmilarly, during the six-minute walk test,
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most participants were able to walk farther distawdh lower metabolic cost. This suggests that
the future SMA may be useful as a walking-assigteesonal mobility device, as it may
encourage participants to walk more at home ankercommunity without the fear of fatigue

and meeting the demands of navigating the commemiyronment.

Evaluations of kinematic behavior indicated impmnmeats in spatiotemporal symmetry. This
agrees with our previous findings of increased sytnyrafter long-term training with the SMA
[30]. In the current study, these improvements vadrgervable during single-session use of the
SMA, suggesting the effects of the repetitive mogetprovided by the SMA has short-term
kinematic benefits. Increases in ACC during the SMA®N mode versus OFF mode reveal
increased consistency between hip and knee anglbeth the paretic and non-paretic sides.
Higher ACC is strongly correlated to improved walkifunction [32, 43]. Walking with the

SMA in ON mode also reduced FWHM on both the paratid non-paretic sides, indicating
more rhythmic and consistent stepping with the Stdyue assistance. This might be useful in
training efficiency, as well as helping to prevéits, which may be related to spatiotemporal

asymmetry and inconsistent stepping patterns [44].

Amplitude of motor evoked potentials increased noanasistently for the rectus femoris muscle
on the paretic side, which indicates that the SMAN mode increases corticomotor excitability
of the damaged side of the brain. The consistgnfi&xion motor and sensory assistance from
the SMA resulted in potentially activating the dayed side of the cortex to increase its signal
transmission. We have seen that long-term trainiitig the SMA increases excitability of the

paretic rectus femoris during voluntary contractid®]. Conversely, neither this single session
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nor long-term training affects corticomotor excite of the tibialis anterior. An alternative
exoskeleton design with assistance as the ankienmay be required to elicit a more pronounced

response for this muscle group.

Comparison to MCID

The MCID for a stroke population is suggested t® 106 m/s for walking speed (small
meaningful change) [39] and 34.4 m for 6GMWT [45\iekage changes in self-selected walking
speed (0.05 m/s) and 6MWT distance (32.3 m) faltsbf MCID for a single session of SMA
use. At the individual level, three participanteeaded MCID for walking speed, and six
participants exceeded MCID for 6MWT. Future worklwompare single session adaptations
with long-term training to further uncover the ingpaf SMA dosage on clinically-relevant

outcomes and the predictors of response to thisrga

Study Limitations

A major limitation of the current study is its sinshmple size with similar levels of gait
impairment. It remains to be seen how the devitexctsf walking function in a more impaired
population, or in the subacute phase of stroke.ithadlly, baseline measures, in which
participants did not wear the exoskeleton, weretacn for all outcomes. We only measured
self-selected walking speed at baseline, undeaskamption that the SMA in OFF mode was
equivalent SMA being off the body due to its ligieight (2.8 kg). It is also possible that the
training-induced changes in our MEP data were aamded by physiologic factors such as

lesion location, muscle activity, alertness, oitdshnical factors such as intensity of stimulation
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and location of coil, which would diminish our atylto detect changes in corticomotor

excitability.

Conclusions

This study reveals that a single session of SMAdlisés immediate adaptations in clinical
walking performance, walking energetics, and gaéRatics. Improvements in walking
performance are seen both on the treadmill and-gneemd walking function, along with
improvements in stepping consistency and periodi€ititure work will further examine the
time-course of adaptation and wash-out to the Skvass single and multiple training sessions,
as well as the usability of the SMA in the home aathmunity environment as an everyday
personal mobility device. The immediate adaptatseen with the SMA allows clinicians to test
the device with their patients during a single mesand deem whether it is appropriate for them

during therapy.
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Figure Legends

Figure 1: Experimental design.Participants were their own controls in this ramdoed cross-

over trial. Outcome measures were taken with thd Slkelvice turned OFF and ON.

Figure 2: Self-selected walking spee®&SV at baseline (without the SMA), with the SMA

turned OFF, and with the SMA ON. Error bars repneSEM.

Figure 3: Change in outcome measures between OFF and ON cotialns. Percentage change
in (A) walking speed in the SSV and FV conditiof®) peak treadmill (TM) speed and distance
walked during 6MWT, (C) maximum and average oxygensumption rate during the graded
TM test and 6MWT, respectively, (D) ACC of the gazend non-paretic leg, (E) FWHM of the
paretic and non-paretic leg, and (F) corticomotanitability (CME) of the RF and TA. Error
bars represent SEM. Asterisks (*) indicate sigafficdifference between the ON and OFF

conditions (paired t-tests).



Tables

Table 1: Participant demographics at baseline

Sex Age Stroke Side Assigtive . Initial gait

ID P | vers latency Stroke type affected Device Bracing speed

(years) (R/L) (m/s)
S1 F 63 13 Unknown R Straight Cane AFO 0.36
2 M 65 14 Hemorrhagic R Quad Cane None 0.70
3 M 64 20 Hemorrhagic L Straight Cane AFO 0.36
A M 48 10 Hemorrhagic L Straight Cane None 0.70
S5 M 70 22 Hemorrhagic L None AFO 0.70
S6 F 54 11 Ischemic L Straight Cane AFO 0.75
S7 F 57 28 Ischemic R Straight Cane AFO 0.79
8 M 61 21 Hemorrhagic R Straight Cane None 0.32
9 M 58 8 Hemorrhagic R None None 0.70
S10 M 55 11 Ischemic R None None 0.75
S11 F 54 12 Ischemic R None None 0.37
S12 M 45 5 Unknown R None AFO 0.67




Table 2: Changesin outcomes between SMA conditions (ON-OFF)

D (?nS/\S/) (;\//S) 6MWT Gradedte;tdur ance ACC FWHM
Distance | VO2avg | Peakvel | VO2 max Non- Paretic Non- | paretic
(m) (mL/kg/lkm) | (m/s) | (mL/kg/km) | paretic paretic

s1 005 | -008 | 367 -10.46 0.1 0.04 0.148 | 0073 | -0.043 | -0.035
) 0.26 0 39.9 -11.75 0.1 -0.01 0113 | 0.024 | -0.013 | -0.013
3 003 | 003 | -253 -122.76 0 -0.07 0.102 | 0.147 | -0.010 | -0.005
s4 | 004 | -003 | 343 -134.97 0.1 -0.20 0104 | 0.124 | -0.003 | 0.000
S5 010 | -020 | 63.0 28.19 0.1 -0.05 0.090 | 0130 | -0.003 | -0.003
5 0.04 | 0.02 76.0 -49.55 0.2 -0.11 0104 | 0080 | -0.023 | -0.025
S7 002 | 007 | -37.0 -15.29 0.1 0.01 0150 | 0.043 | -0.005 | -0.008
sg | 001 | 018 | -308 -51.06 0.2 -0.43 0.094 | 0032 | 0020 | 0015
9 0.07 | 0.03 14.0 -38.57 0.1 -0.01 0.078 | -0.023 | -0.010 | -0.010
sio | 001 | -010 | 111 -5.59 0.1 -0.02 0.103 | 0.010 | -0.010 | -0.008
s11 | 001 | 005 | 157.3 -39.16 0.1 -0.03 0.097 | 0.037 | -0.013 | -0.010
s12 | 001 | 0.03 49.0 31.92 0.1 0.01 0.097 | 0.079 | -0.005 | -0.005
Mean | 005 | 0.00 | 323 34.92 0.11 -0.08 0.104 | 0.064 | -0.010 | -0.009
(SEM) | (0.02) | (003) | (155) (14.84) (0.02) (0.04) (0.006) | (0.015) | (0.004) | (0.003)
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