Accepted Manuscript

JOURNAL OF

HLECTROMYOGRAPHY
Muscle synergies reveal impaired trunk muscle coordination strategies in indi- K|NE§|(N)D|.OGY

viduals with thoracic spinal cord injury

Matija Milosevic, Hikaru Yokoyama, Murielle Grangeon, Kei Masani, Milos
R. Popovic, Kimitaka Nakazawa, Dany H. Gagnon

PII: S1050-6411(16)30205-X

DOL: http://dx.doi.org/10.1016/j.jelekin.2017.06.007
Reference: JJEK 2091

To appear in: Journal of Electromyography and Kinesiology
Received Date: 23 September 2016

Revised Date: 29 April 2017

Accepted Date: 30 June 2017

Please cite this article as: M. Milosevic, H. Yokoyama, M. Grangeon, K. Masani, M.R. Popovic, K. Nakazawa,
D.H. Gagnon, Muscle synergies reveal impaired trunk muscle coordination strategies in individuals with thoracic
spinal cord injury, Journal of Electromyography and Kinesiology (2017), doi: http://dx.doi.org/10.1016/j.jelekin.
2017.06.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jelekin.2017.06.007
http://dx.doi.org/http://dx.doi.org/10.1016/j.jelekin.2017.06.007
http://dx.doi.org/http://dx.doi.org/10.1016/j.jelekin.2017.06.007

Manuscript Revision 1 (R1) for ‘JEK_2016 84" — April, 2017

Muscle synergies reveal impaired trunk muscle coordination
strategies in individuals with thoracic spinal cord injury

Matija Milosevic', Hikaru Yokoyama®, Murielle Grangeon®*, Kei Masani*®, Milos R. Popovic*®,
Kimitaka Nakazawa®, Dany H. Gagnon®®

! Department of Life Sciences, Graduate School of Arts and Sciences, University of Tokyo,
3-8-1 Komaba, Meguro-ku, Tokyo, 153-8902, Japan.

2 School of Rehabilitation, Université de Montréal, 7077 Avenue du Parc, Montréal, Quebec,
H3C 3J7, Canada.

¥ Pathokinesiology Laboratory, Centre for Interdisciplinary Research in Rehabilitation of the
Institut de réadaptation Gingras-Lindsay-de-Montréal, 6300 Avenue du Darlington, Montréal,
Quebec, H3S 2J4, Canada.

% Institute of Biomaterials and Biomedical Engineering, University of Toronto, 164 College
Street, Toronto, Ontario, M5S 3G9, Canada.

> Rehabilitation Engineering Laboratory, Lyndhurst Centre, Toronto Rehabilitation Institute -
University Health Network, 520 Sutherland Drive, Toronto, Ontario, M4G 3V9, Canada.

Abstract

Spinal cord injury (SCI) can result in paralysis of trunk muscles, which can affect sitting balance.
The objective of this study was to analyze trunk muscle coordination of individuals with thoracic
SCI and compare it to able-body individuals. A total of 27 individuals were recruited and
subdivided into: (a) high thoracic SCI; (b) low thoracic SCI; and (c) able-body groups.
Participants were seated and asked to lean their trunk in eight directions while trunk muscle
activity was recorded. Muscle coordination was assessed using the non-negative matrix
factorization (NMF) method to extract muscle modules, which are the synergistic trunk muscle
activations, and their directional activation patterns. Our results showed that individuals with SCI
used less muscle modules, more co-contractions, and less directional tuning, compared to able-
bodied people. These results suggest impaired and simplified muscle coordination due to the loss
of supraspinal input after SCI. Observed variability in muscle coordination within SCI groups

also suggests that other mechanisms such as spasticity and muscle stretch reflexes or individual
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