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ABSTRACT: In our everyday life we easily and harmonically perform many different movements, and one of
the oldest issues in the study of human motor control is how the central nervous system (CNS) is able to
organize and coordinate the redundant number of muscles and kinematic degrees of freedom. Muscle
synergies — defined as modules of muscle co-activation whose coordinated activity is modulated by
amplitude scaling and time shifting mechanisms- have been proposed as the building blocks according to
which the CNS manages the redundancy and simplifies movement execution. The neuro-mechanics of
rhythmical tasks like pedaling and walking have been successfully described through the spatio-temporal
organization of a reduced number of muscles synergies. Moreover, the analysis of the alterations in the
modular motor control of these tasks in pathological conditions has opened important perspectives in the
field of neuro-rehabilitation. In this talk, the basic aspects regarding the analysis of muscle coordination
through the use of muscle synergies will be reviewed. A specific focus will be placed on the analysis of
pedaling, by describing the relationship between neural and mechanical aspects, and by discussing the
potential role of pedaling-based protocols and muscle synergy analysis in the field of neuro-rehabilitation.
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A.M. Castronovo - Universita RomaTre and University of Gottingen

CURRICULUM: Margherita Castronovo received her PhD in Biomedical Engineering at the University of
Bologna, in 2014, and the Master degree in Electrical Engineering from the University of Roma TRE in 2010.
From February 2014, she is enrolled as a post-doctoral research fellow in the Department of
Neurorehabilitation Engineering of the Universitaetsmedizin Goettingen (UMG), Germany. In the past she
was a visiting scholar at the Instituto de Biomecanica de Valencia (Valencia, Spain) and at the
Neuroelectrical Imaging and Brain Computer Interface Laboratory at Fondazione Santa Lucia (Rome, Italy).



Her main research interests focus on motor control physiology and in particular on the transmission of
synaptic input from the brain to spinal motorneurons and its effects on voluntary movements as well as the
interpretation of electromyographic signals and motor unit behaviors in different conditions. Furthermore
she also studies the effects of neuromuscular fatigue on muscle activity in dynamic and isometric
conditions.

ABSTRACT: Neuromuscular fatigue is classically defined as an exercise-induced reduction in the maximal
force capacity of the muscle. In the last three decades the problem of the evaluation of neuromuscular
fatigue has been addressed by the surface electromyographic (SEMG) signal processing applied during both
isometric and dynamic tasks. The myoelectric signals recorded from the surface of the muscle belly or
within the muscle with invasive sensors, in fact, reflect several physiological mechanisms occurring at
different levels of the Central Nervous System, from motor cortex to spinal cord to muscle fibers. The
evaluation of these phenomena and of the changes induced by the manifestation of neuromuscular fatigue,
however, is not that simple and thus, several indicators have been extracted from sSEMG signals. Thus, each
of these indicator, with its pros and cons, it is a valuable tool for a complete characterization of the
phenomenon of neuromuscular fatigue.
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ABSTRACT: The occurrence of muscular coordination during prolonged exercise can be better understood by
guantitative assessment of muscular activity. The analysis of the muscles functional behavior, and the study
of the relation with the force exerted during pedaling, allow the evaluation of the performance during motor
exercises. The purpose of this study was to predict muscle force patterns during cycling and to compare the
predictions with surface ElectroMyoGraphy (SEMG) activity. The force patterns of the single muscles have
been estimated by using a modeling approach. To this aim, kinematic and dynamic data, acquired during
cycling tests by using an instrumented pedal, were the input for an inverse dynamic analysis. Together with
biomechanical data, SEMG signals from rectus femoris, biceps femoris, tibialis anterior and soleus of the
dominant leg were acquired. Proper processing techniques, based on adaptive and real-time algorithms for
the evaluation myoelectric activity during dynamic protocols, were used to estimate time (signal envelope)
and frequency (mean spectral frequency) information from SEMG signals. The muscular activity has been
estimated along the whole test session and the results have been compared showing a good correlation
between electrical and mechanical data.

Concerning the possibility of applying this methods on the field, the real time implementation have to deal
with the computational cost of the algorithms used to predict muscle force patterns. Actually two
independent inverse problems must be solved for the force estimation: evaluation of the kinematic model and
evaluation of the forces distribution along the limb. The classical optimization algorithm based on a cost
function minimization was compared to an Artificial Neural Network based one, thus reducing the
computational time of prediction. The new approach proposed herein allows a direct and fast computation
for the inverse dynamics of a cyclist, opening the possibility of integrating such algorithm in a real time
environment such as an embedded microcontroller based application.



