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LECTURE OVERVIEW

e Muscle Mechanics
— Mechanical Scheme of Muscle
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UEMB 4123 —
Biomechanics Il

Muscle Mechanics —

BIOMECHANICAL MODELING OF
SKELETAL MUSCLE
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

« Force (strain) developed Iin a tetanically
stimulated muscle in Isometric conditions

— IS a result of the length of its fibers

At a macroscopic level,

— the force-length relationship depends on the
muscle as a whole
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

[%?E”] Idealized force-
length relationship
of the skeletal
a muscle in isometric
contraction
(a) The total curve;
(b) contribution of
the serial elasticity
o b concentrated in
muscle fibers,
tendons and
remaining tissue

100 =

I I
0.5 0.75 1.0 1.25 1.5  resting length
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e It Is clear that
maximum  Strain
IS achieved

—at the natural

length of the
muscle in the body

strain
[% max]

100

1.5  resting length
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e On this curve, the
final Increase In
strain with length
reflects

— contribution of serial

elasticity
concentrated IN
muscle fibers,

tendons and the
remaining tissue

strain
[% max]

100

| 1
0.5 0.75 1.0 1.25 15 resting length
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

strain

e On this curve, the «m
final Increase In
strain with length
reflects oL
contribution of
serial elasticity AU A
concentrated N
muscle fibers,
tendons and the
remaining tissue

100 =
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e Under conditions wwa
of anisometric
contraction,

— the muscle is loaded .

with less or no
resistance force

| 1
0.5 0.75 1.0 1.25 15 resting length
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e Under conditions wm
of anisometric
contraction,

— So, when motor o L
units are activated,
geometrical
shortening  occurs
(concentric
contraction)

| 1
0.5 0.75 1.0 1.25 15 resting length
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e With no load, the contraction Is isotonic

—which Is an ideal state possible only in
practice If the muscle Is separated from the
bone (experiments on animals)
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

* For tetanic stimulation, the following force-
velocity equation is applied

« Where
— F = force of shortening
— Fo = maximum isometric force with velocity 0

—a and b = empirical constants, specific for a
particular muscle
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

|dealized force-velocity
relationship of the
skeletal muscle:-

Hill's curve
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e Eccentric
contraction which
IS Dbetter called
eccentric action

— occurs  when a
muscle develops
strain due to
stimulation during
which it therefore
“tries” to contract
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e Eccentric
contraction which
IS Dbetter called
eccentric action

— but external—more
powerful—forces act
In the direction of its
lengthening

UEMB 4123 - Biomechanics Il (Lecture 8) Trimester 1, January 2009
15



BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

It has been
estimated that
metabolic energy

can be most
— efficaciously converted

into mechanical
energy during
contractions

> with an intensity which
iIs 20 to 25% of the
maximum

>that it occurs at
approximately 30% of
the maximum
contraction velocity

UEMB 4123 - Biomechanics Il (Lecture 8) Trimester 1, January 2009

16



BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

o Efficaciously

converted INnto
mechanical energy
during

contractions

— with an Intensity
which 1s 20 to 25%
of the maximum
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

o Efficaciously

converted INnto
mechanical energy
during

contractions

—that it occurs at
approximately 30%
of the maximum
contraction velocity
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

« The simplest way to represent skeletal
muscle as

— a biological generator of mechanical force
macroscopically, in the mechanical sense

>which includes
— the active contractile element,
— the serial elastic element and
— the parallel viscous-elastic element
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

Equivalent mechanical scheme of the skeletal muscle. The symbols denote:-
C, active contractile element; SE, serial elastic element; V and PE, parallel
viscous-elastic (attenuating) element.
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e The actions of the

— active contractile
element and

— partially that of the
serial elastic element
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BIOMECHANICAL MODELING OF
SKELETAL MUSCLE

e The dominant
element shown In
this figure,

— are directly related to
the stimulation of a
muscle via the motor
neuron and thereby
with EMG
Information
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NEXT LECTURE
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