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Abstract

One fundamental problem when trying to calculate the force developed by one muscle during a motor task
is the muscle model. Usually, one control signal is juxtaposed to one musclotendon unit. The question is
how is this signal connected to the activation of the motor units (MUs) that compose the muscle and fire
differently. The aim of the paper is to compare a Hill-type muscle model to a model composed of MUs. A
fast elbow flexion performed by only one muscle is considered. The activation necessary for performing the
motion and the corresponding frequencies are calculated for cases of fast and slow muscles using Hill-type
model. Then the muscle is modelled as a mixture of 774 MUs with uniformly distributed twitch parameters.
Using MotCo software the moments of impulsation of all MUs and their mechanical responses are predicted.
The activation characteristics obtained by the two muscle models are compared. It is concluded that there are
two essential parameters for proper muscle modelling: the lead-time and the MUs composition.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

When modelling the control of the human limb motions, the final aim is to estimate the indi-
vidual muscle forces. The scientific problem is how shall the necessary joint moments be satis-
fied by the synchronous contribution of so many muscles. A fundamental issue here is the muscle
model [1]. The muscle force is usually considered a simple design variable when the external joint
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Nomenclature

[0 flexion angle in the elbow

Moyt external moment in the joint

d lever arm of a muscle equivalent

F muscle force

Fax maximal muscle force

/ current length of the muscle normalized to the optimal length

V contraction velocity of the muscle

FL(I) force—length relationship

FL calculated force—length relationship during the motion if the muscle
is slow

FLy¢ calculated force—length relationship during the motion if the muscle
is fast

FV(LTV) force—velocity relationship

Fl calculated force—velocity relationship during the motion if the muscle
is slow

F1; calculated force—velocity relationship during the motion if the muscle

is fast

forces in the passive elements

calculated forces in the passive elements if the muscle is slow
calculated forces in the passive elements if the muscle is fast
muscle activation

calculated activation in case of fast muscle

calculated activation in case of slow muscle

“activation parameter” calculated by MotCo software in case of uni-
formly distributed parameters of the motor units

“activation parameter” calculated by MotCo software in case of uni-
formly distributed parameters of the motor units but shifted forward
with 100 ms

“activation parameter” calculated by MotCo software in case when
all motor units are fast-like

stimulus frequency

muscle effective length

yielding

calculated frequency during the motion in case of fast muscle
calculated frequency during the motion in case of slow muscle
calculated frequency during the motion in case of fast muscle ac-
counting for the yielding and using the muscle effective length
calculated frequency during the motion in case of slow muscle ac-
counting for the yielding and using the muscle effective length
average frequency of the motor units firing calculated by MotCo
software in case of uniformly distributed parameters of the motor units
average frequency of the motor units firing calculated by MotCo soft-
ware in the case when all motor units are fast-like
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