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Abstract: Using in computer simulation the analytical
solution of skeletal muscle by Nossal and Lecar tsl
based on the functional model of skeletal muscle by Hitl
(1938) and the analytical solution based on the new
biomechanical model of skeletal muscle [6,8] by Vain the
corresponding sets of numerical solutions were
calculated for the values of parameters used in
experimental studies on intramuscular pressure - muscle
shortening velocity relation. Comparative analysis of the
graphs summarizing the computer simulation results
shows that the analytical solution based on the model by
Vain lies in better agreement with the shortening
velocity - force relation experimentally established by
Hill than the one based on the three - component muscle

METHOD

In the present study the intramuscular pressure - muscle
shortening velocity relation graph for muscle fibre based on
the analytical solution by Nossal and Lecar [5] has been
compared with the corresponding graph based on the
analytical solution for the new biomechanical model of
skeletal muscle by A.Vain [6,8]. The firstly mentioned
analytical solution is based on the theory according to
which the contraction force is generated depending on
attachment or detachment
actin filaments.

of

mvosin cross-bridses with

model.

According to the biomechanical model of skeletal
muscle by A.Vain the attachment of myosin cross-bridges to
actin filaments or detachment from them does not take place

INTRODUCTION

myofilament cross-bridge, rotating round its attachment
point on the myofilament, evokes a radial force [3]. The
latter causes the muscle fibre perimeter increase [7]. As the

in

contraction process. Instead

helica
Biomechanical model of skeletal muscle describes the
mechanical processes taking place in skeletal muscle during
muscle contraction. The muscle contraction force

shortening velocity relation

is

considered one

of

most
important characteristics of muscle contraction process [4].
In 1938 A.V.Hill published his famous empirical equation
based on experimental data on muscle. He has also
developed the three-component functional model of skeletal

muscle (Fig. 1) which has been the basis for all analytical
solutions of the model of skeletal muscle publicated up to
the moment. At present there exists no analytical solution,
based on the three-component functional model, lying in
good agreement with experimental data. Fung tzl is of
opinion that "the basic difficulty with Hill's model and all
its modifications is that the division of forces between the

parallel and contractile elements and the division of
extensions between the contractile and series elements are
arbitrary". The model leaves unclear how the mechanical
energy generated in sarcomere is transmitted to tendon. In
case the mechanical strain in accordance with the model by
Hill is transmitted in the myosin filament cross-bridge

attachment process to actin filament and so from one
sarcomere to another up to tendon, then it remains unclear,

how the mechanical energy is transmitted from

the

myofilaments at the end of muscle fibre to tendon. The new
biomechanical model of skeletal muscle by A.Vain [6,8] is
free of such contradictions (Fig. 2).

of

of these processes

collagen fibres maintain the muscle volume

constant, the muscle fibre perimeter increase results in
shortening of the muscle. So the transmission of the myosin
filament cross-bridge radial force to bone levers takes place
via the collagen helica situated in muscle envelopes. The
significant variables in the mechanical strain transmission
model are the declination angle of collagen fibre from the
longitudinal axis of muscle fibre and the declination angle

of the 52 region of

myosin cross-bridge from

the

longitudinal axis of sarcomere.

RESULTS
Using computer simulation the graphical solutions based

on the above-mentioned models were

calculated. The
results are presented in Fig.3. As it can be seen in Fig.3, the
curve describing the calculations based on the model by
A.Vain lies in better agreement with the curve based on the
experimental data presented by Hill than the curve

calculated using the analytical solution of the threecomponent muscle model. We consider that the better
agreement in case the model by A.Vain is used is caused by
the fact that in the latter the forces are not divided between
contractile and parallel elements. The forces of elasticity of
the cross-bridge 52 region evoke the pressure in the helica
of collagen fibres of endo-, peri- and epimyseum which

directly pass over into tendons. So it is clear why no
elongation of actin or myosin filaments occurs in
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contraction process. This phenomenon would be obligatory
in case actin filament was pulled between myofilaments by
a myosin cross-bridge.
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L Traditional biomechanical model of the skeletal
muscle. I - contractile (myosin-actin-titin) component
(allocation of titin filaments is presented in accordance with
the data by Nave (1990)); 2 - series elastic component
(tendon); 3 - parallel elastic component (endo-, peri-, and

Fig.

epimyseum).
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Fig.2 New biomedical model of the sarcomere. Dashed line

represents the relaxed sarcomere (sarcomerel length
2.0 pm); solid line represents the contracted sarcome length
1.4 pm); dotted line represents the maximal shortening of
the muscle. Fe - radial force produced in the motion of the
head of myosin cross-bridgei F, - force, turning myosin
cross-bridgel Fu - longitudinal force generated by myosin
cross-bridge.
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