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Abstract

Itis well known that kinesthetic illusions can be induced by stimulation of several sensory sys-
tems (proprioception, touch, vision. . .). In this study we investigated the cerebral network
underlying a kinesthetic illusion induced by visual stimulation by using functional magnetic
resonance imaging (fMRI) in humans. Participants were instructed to keep their hand still
while watching the video of their own moving hand (Self Hand) or that of someone else's mov-
ing hand (Other Hand). In the Self Hand condition they experienced an illusory sensation that
their hand was moving whereas the Other Hand condition did not induce any kinesthetic illu-
sion. The contrast between the Self Hand and Other Hand conditions showed significant acti-
vation in the left dorsal and ventral premotor cortices, in the left Superior and Inferior Parietal
lobules, at the right Occipito-Temporal junction as well as in bilateral Insula and Putamen.
Most strikingly, there was no activation in the primary motor and somatosensory cortices,
whilst previous studies have reported significant activation in these regions for vibration-
induced kinesthetic illusions. To our knowledge, this is the first study that indicates that
humans can experience kinesthetic perception without activation in the primary motor and
somatosensory areas. We conclude that under some conditions watching a video of one's
own moving hand could lead to activation of a network that is usually involved in processing
copies of efference, thus leading to the illusory perception that the real hand is indeed moving.

Introduction

Kinesthetic sensations usually result from movements, whether voluntarily executed or pas-
sively imposed. It is therefore difficult to discriminate which components pertain to the motor
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Barring a few studies, there are not enough established treatments to improve upper
limb motor function in patients with severe impairments due to chronic stroke. This
study aimed to clarify the effect of the kinesthetic perceptional illusion induced by
visual stimulation (KINVIS) on upper limb motor function and the relationship between
motor function and resting-state brain networks. Eleven patients with severe paralysis
of upper limb motor function in the chronic phase (seven men and four women;
age: 54.7 + 10.8 years; 44.0 + 29.0 months post-stroke) participated in the study.
Patients underwent an intervention consisting of therapy using KINVIS and conventional
therapeutic exercise (TherEX) for 10 days. Our originally developed KiNvis™ system
was applied to induce KINVIS while watching the movement of the artificial hand.
Clinical outcomes were examined to evaluate motor functions and resting-state brain
functional connectivity (rsFC) by analyzing blood-oxygen-level-dependent (BOLD) signals
measured using functional magnetic resonance imaging (fMRI). The outcomes of motor
function (Fugle-Meyer Assessment, FMA) and spasticity (Modified Ashworth Scale, MAS)
significantly improved after the intervention. The improvement in MAS scores for the
fingers and the wrist flexors reached a minimum of clinically important differences. Before
the intervention, strong and significant negative correlations between the motor functions

Abbreviations: KINVIS, Kinesthetic perceptional illusion by visual stimulation; TherEX, Therapeutic exercise; rsFC,
Resting-state brain functional connectivity; fMRI, Functional magnetic resonance imaging; CIMT, Constraint-induced
movement therapy; M1, Primary motor; S1, Somatosensory; BOLD, Blood-oxygen-level-dependent; ROIs, Regions of
interest; TFO, Time from onset; U/L, Upper Limb; SIAS, Stroke impairment assessment set; NMES, Neuromuscular
electrical stimulation; EDC, Extensor digitorum communis; FMA, Fugl-Meyer assessment; MAS, Modified ashworth scale;
ARAT, Action research arm test; BBT, Box and Block Test; MAL, Motor activity log; AOU, Amount of use; QOM,
Quality of movement; MNI, Montreal Neurological Institute; SMG, Supramarginal gyrus; FDR, False discovery-rate; IPL,
Inferior parietal lobule; IPS, Intra parietal sulcus; LOC, Lateral occipital cortex; PMd, Dorsal premotor cortex; SMA,
Supplementary motor area; SFG, Superior frontal gyrus; SPL, Superior parietal lobule.
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