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Muscle insertions do not incur mechanical advantage

Sprawność mechaniczna nie wynika z miejsca przyczepu mięśnia

A b s t r a c t .  In  any particular array of an equivalently contracting muscle, each, sarcomere 
makes an equivalent contribution to the moment generated. This suggests th a t the concept 
of mechanical advantage is inappropriate for analysis of muscle attachm ent patterns. The 
differences of insertion along lever arms are due to other factors. Mechanical advantage does 
remain an im portant topic in analyses of outward forces directed by skeletal elements against 
the next component in a chain or against portions of the external environm ent.

I. INTRODUCTION

Introductory physics has long discussed the application of forces to solid 
bodies through the rules of levers. The basic concept derives from an equivalence 
of moments, i. e. forces applied further from a fulcrum generate proportionally 
greater moments than those applied near to it; hence they have a mechanical 
advantage. Thus the differences among levers of the first, second and th ird  
class continue to be memorized by students, although they represent only 
minor permutations of the ways three forces may be applied to a rotatable 
body.

Biologists utilize the rules of lever systems as a convenient shorthand for 
characterizing the effects of the forces th a t act or once acted on skeletal ele
ments. For instance, H il d e b r a n d  (1972) characterizes limb and jaw bones 
by referring to the moment arms of the in-(ward) forces imposed by muscles 
and to the out-(ward) forces the element imposes upon the environment, in 
terms of the distances (moment arms) from the fulcrum. He then uses the ratio 
of moment arms to characterize a ”gear-ratio”, again utilizing the implicit idea 
of a potential mechanical advantage.

Such concepts as ’’mechanical advantage of a muscle” and ’’gear ratio” 
are appealing as they immediately identify major architectural differences, 
for instance among sprinters and diggers (H il d e b r a n d  et al., 1985), and thus
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STRESZCZENIE

W kurczącym się mięśniu każdy sarkomer w jednakowym stopniu przy
czynia się do powstania momentu siły. Koncepcja „sprawności mechanicznej” 
(mechanical advantage) jest zatem nieodpowiednia w rozważaniach nad wzor
cami przyczepów mięśniowych, gdyż zależą one od innych czynników. Pojęcie 
sprawności mechanicznej ma oczywiście znaczenie w rozpatrywaniu sił poza- 
mięśniowych, wywoływanych przez elementy szkieletowe.
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