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• Hill-Type Muscle Modeling
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Muscle Modelling
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Swammerdam's experiment was actually one of the first 
recorded mechanical experiments on an isolated muscle 
preparation. The remainder of this chapter is concerned 
with what has been learned since then about 
fundamental muscle mechanics using single, whole 
muscles removed from the animal. Many of the most 
important experiments were performed between 1910 
and 1950 by A. V. Hill and his collaborators at University 
College, London.

Muscle Modelling
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Muscle Modelling

The tetanic fusion frequency is higher, 
about 50 or 60 shocks per second, in 
mammalian muscle at body temperature.


Most of what has been said so far was 
known to the Victorians. Helmholtz, as 
he put his ear to his own arm, correctly 
perceived that the muscle vibrates, and 
produces a sound whose pitch (about 30 
Hz) is determined by the number of 
electric excitations sent to it in a second. 

Hermann Von Helmholtz (1821-1894). 
German Physicist, Anatomist, And 
Physiologist.
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The The hope was recently expressed (Hill 
1937, p. 116) that with the development of a 
more accurate and rapid technique for 
muscle heat measurement, a much more 
consistent picture might emerge of the 
energy relations of muscles shortening (or 
lengthening) and doing positive (or negative) 
work. This hope has been realized, and some 
astonishingly simple and accurate relations 
have been found, relations, moreover, which 
(among other things) determine the effect of 
load on speed of shortening, allow the form 
of the isometric contraction to be 
predicted, and are the basis of the so-called 
“visco-elasticity” of skeletal muscle.

Muscle Modelling
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Muscle Modelling

Hill-type muscle model

The model consists of three elements:

• A contractile element (CE) that represents the muscle fibers that contract based on the muscle activation state.

• A serial elastic element (SEE) that represents the tendons that connect the muscle to the bones.

• A parallel elastic element (PEE) that represents the passive elastic material surrounding muscle fibers.
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Muscle Modelling

Hill-type muscle model

Forces:
Fmax : maximum isometric force. Optimized constant.


FCE    : contractile element force. 


FSEE  : serial element force.


FPEE  : parallel element force. 

FM = FCE + FPEE + FSEE
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Muscle Modelling

Contractile Element
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Muscle Modelling

Contractile Element
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Muscle Modelling

Contractile Element
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Muscle Modelling

Force-Velocity relationship was first observed by A. V. Hill in 1938
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Muscle Modelling

Serial Elastic Element
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Muscle Modelling
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Muscle Modelling
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Muscle Modelling
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Computing Muscle Force with a Compliant Tendon

Muscle Modelling


