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Editorial on the Research Topic
Wearable sensing of movement quality after neurological disorders

Stroke, a leading cause of disability results in motor impairment and loss of certain
functions. Recovery of movement quality takes place through a combination of spontaneous
and learning-dependent processes. Eventually, motor patterns either return to more normal
pre-stroke patterns (restitution) or manifest as new patterns different from those pre-stroke
(compensation) (Bernhardt et al., 2017; Kwakkel et al., 2019; Vliet et al., 2020). Objective
measurement of movement quality can help us understand recovery post stroke, and tailor
patient specific therapies during rehabilitation.

Wearables have been used extensively to measure movement biomechanics after
neurological disorders (Dobkin and Martinez, 2018). Physical and novel machine
learning models applied to data collected from wearables have allowed us to extract low
and high-level parameters such as activity and pose of the human body. Miniature sensors
can be used by the clinicians to setup more measurements post stroke, and also help track
motor recovery at the patient’s living space.

This Research Topic gathered studies that developed or validated wearable sensors for
advancing movement rehabilitation post stroke. Six high quality articles highlight the state-
of-the-art in the contribution of wearables at different stages of stroke rehabilitation.

The work of Werner et al. explored how wearables can be used to administer widely
accepted clinical scales for movement quality assessment. The group validated the usability
of inertial measurement units (IMUs) in measuring Action Research Arm Test (ARAT)
using machine learning approaches. This approach enables rapid and minimally supervised
application of ARAT scores in the clinic. However, the authors of this study suggest that we
need to move from discrete and subjective clinical scores and use objective measures when
using wearables. The editorial team agrees that this is a challenge, given that it is currently
unclear what kinematic or kinetic metrics reflect movement quality post stroke (Saes et al.,
2022). Addressing gait quality, Huber et al. found that assessing a parameter “Walk Ratio”
using a GPS watch showed excellent test-retest agreement, reliability and concurrent validity
in healthy adults and chronic stroke survivors walking at least 1 m/s. This is an important
finding as it strengthens the argument for using wearables in assessing movement quality in a
real-life scenario. These two studies provide avenues for commercializing wearables with
targeted applications of addressing movement quality post stroke.
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Analysing movement quantity and quality in a wearable and real-
life setting requires good activity classification algorithms. Subash
et al. showed that machine learning approaches are better than
classical thresholding approaches for classifying functional
movements of the upper limb. Pohl et al. validated this in an
ecologic context by following the participants at their homes and
using a semi-naturalistic protocol. The classifier developed by this
group is available for public use. Furthermore, Pohl et al. also worked
on identifying gait and posture using the ecologically valid context.
These well-defined studies show the strength of wearables and
machine learning algorithms in activity classification which adds to
the extensive literature of activity classification.

Finally, Song et al. explored how wearables can improve therapy
post stroke. The group designed and tested a gamification approach
using multimodal sensing to train reaching and grasping tasks relevant
to rehabilitation. They also demonstrated how the approach can
stimulate motivation of the participants post stroke. The study offers
potential commercialization opportunities that addresses therapy post
stroke at a remote clinic or at the participant’s home.

The multi-country Research Topic has a strong research presence
stemming from Switzerland, in addition to China, India, Belgium, and
Australia. The studies in this Research Topic contribute towards the
standardization effort that is highlighted by the Stroke Recovery and
Rehabilitation Roundtable (Kwakkel et al., 2019).

Five of the six articles in this Research Topic used IMUs
demonstrating its ubiquitous nature and their versatility. All studies
demonstrated a higher Technology Readiness Level (NASA, 2012) and
shows that the stroke rehabilitation research field is moving rapidly
towards commercially available systems. We recommend governments
to harness this growth to improve and standardize stroke rehabilitation.
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