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Actively Controlled Exoskeletons Show
lmproved FUHCtion and NeuropIaStiCity DO 10.1177/21925682251343529
Compared to Passive Control: A Systematic o0
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Study Design: Systematic Review.

Objectives: To determine whether actively controlled exoskeletons or p
rehabilitating patients with SCls.

Methods: A literature search between January 2011 to June 2023 on Pubmed Central, Pubmed, Web of Science and Embase
was carried out. Exoskeletons were classified as actively controlled if they detect bioelectrical signals (HAL). All other
exoskeletons were classified as passively controlled (ReWalk, Ekso, H-MEX, Atlante, Indego, Rex Bionics, SuitX Phoenix,
Lokomat and HANK). Functional outcomes used were 6 minute walk test (6MWT) distance and |0 metre walk test (|0MWT)
speed. Further subgroup analysis was carried out for acute and chronic SCI patients. All outcomes were examined without the
aid of the exoskeleton device. Secondary outcomes including continence, pain and quality of life were also examined.
Results: 555 articles were identified in the initial search and 27 were included in the review resulting in a total of 591 patients
and |0 different exoskeleton models. HAL was the only exoskeleton to show improvements in both mobility and all secondary
health outcomes. HANK and Ekso also showed improvements in mobility. Rewalk showed improvements in all secondary
health outcomes with Ekso only showing improvements in QoL. No other exoskeletons showed significant improvements.
Conclusion: In conclusion, the actively controlled exoskeleton HAL showed improvement in all outcomes of interest
suggesting that neuroplasticity could be induced with HAL rehabilitation allowing the weakened bioelectrical signals to
transcend the SCI to show genuine improvements.

ively controlled exoskeletons are better at
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Cerebral Correlates of Robot-Assisted Upper
Limb Motion Driven by Motor Intention in Healthy
Individuals: An fNIRS Study

Margaux Noémie Lafitte™, Christina Sylvia Andrea, Hideki Kadone Eiichi Hoshino, Masashi Yamazaki,

Yasuyo Minagawa, and Kenji Suzuki®

, Senior Member IEEE

Abstract—The past few years have seen an
tial growth ol the robot-assisted rehabllnation field and
new tech gical devel Il the Integraﬂon

Our results provide arguments in favor of
the Inlegratlon of the user’s intention through physiological
signals for rehabilitation, in favor of the investigation of

of the user's lmonllon h h d

information. The inclusion of motor Inlemlon is thought

to be promlslng for motor rehabilitation and to facilitate
ially by stimulating the cortical cir-

cultry more than, or at least differently from, non-voluntary
passive motion. Yet, contrasting results are reported in
the literature. We aimed here to investigate the impor-
tance of the integration of motor intention on cortical
activity using functional near-infrared spectroscopy (fNIRS)
by comparing the active use of an assistive exoskeleton
targeting the shoulder with passive use and unassisted
motion. We recorded the activity of the bilateral frontal
and parietal cortices of 20 healthy individuals during an
arm raising task. Active robot assistance showed similar
activity patterns to unassisted motion with the exception of
a greater of the region. Correlates of
intention could be confirmed by an activation of the sup-
plementary motor area in active-assisted and unasslsted
but not passive condition. Activation of the al
primary sensorimotor regions did not differ between pas-
sive and active conditions but activity of the ipsilateral
hemisphere and secondary regions was reduced during

(%) FHRDOEZED—ANTH ZHAREM - ARAFER G, BHOHARBREBHSTH D, BHIE—EORFNFERRLD D £,

dary and ipsilateral regions, and in favor of the use

of fNIRS to investigate differences in cortical correlates of
passive and active motion.

Index Terms— Cortical activity, functional near-infrared

spectroscopy (fNIRS), robot-assisted rehabilitation, shoul-
der motion, voluntary intention.

|. INTRODUCTION

N THE past few years, the field of robot-assisted reha-

bilitation has seen exponential growth owing to technical
improvements and the publication of promising results.
It presents several advantages compared to typical rehabili-
tation approaches: it reduces the burden on therapists, offers
high repeatability, repetition, and intensity, and it is thought to
be more compelling for patients [1], [2]. [3]. A subclass of the
field is active assistance, which incorporates the intention of
the patient, allowing voluntary training. If different control
methods and ways to integrate the user's intention have
been proposed (among which force sensors, position sensors,
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