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UEMB 4123 - Biomechanics II (Lecture 7)

LECTURE OVERVIEW

• Muscle Mechanics
– Biomechanical Modeling of Skeletal Muscle
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Muscle Mechanics –

BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Skeletal muscles 
– are the active force generators
– the so-called actuators within the 

locomotor system
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Muscular tissue is characterized by
– excitability, 
– conductivity, 
– elasticity and
– above all contractility, 

> enabling it to function as actuator
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• There are 
– hundreds of skeletal muscles in the human 

body and 
– each of them fulfills a specific function
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• A muscle consists 
– of a large number of cells, elongated in 

form muscle fibers, 
> 10 to 100 m in diameter and 
> up to 30 cm in length in their relaxed state
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

Skeletal muscle anatomy

(From Vodovnik, L. 1985. Nevrokibernetika, 
Ljubljana, Slovenija: Fakulteta za
Elektrotehniko. With permission.)
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Fibers are grouped into bundles and several 
bundles form a muscle

• Fibers end in tendons through which a muscle 
is connected to the bone
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Fibers end in tendons through which a muscle 
is connected to the bone
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Muscular fibers are covered by 
– a sarcolemma membrane

> they consist of tiny threads, myofibrils, 
protein structures of a specific form
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Their basic structure consists of two types of 
fibers—thin actin and large myosin fibers
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Thin fibers are 
connected in the Z-
membrane

• The part of the myofibril 
which is separated by 
two membranes is 
called 

– the sarcomere
> the fundamental 

functional unit of 
myofibril
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The form and function of 
myofibril enable 
muscular contraction, 
through specific

– electrical, 
– chemical and
– mechanical 

conversion,
by sliding filaments, a 
shortage of sarcomere
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• While itself a unity within the neuro-musculo-
skeletal system, a unity within one muscle is 
the motor unit

• The term comes from Liddel and Sherrington 
(1925)
– describes a structure consisting of one 

efferent motoneuron (� ) and 
– a group of muscle fibers innervated by this 

neuron
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The term comes from Liddel and Sherrington 
(1925)
– The number of innervated fibers may vary 

from a few, as in some muscles active in 
“ fine” movements, to several thousand, as 
in the lower extremity muscles
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The term comes from Liddel and Sherrington 
(1925)
– The place of innervation, a specifically 

formed synapse, is called the 
neuromuscular plate or neuromuscular 
point
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

The motor plate

(From Vodovnik, L. 
1985. 
Nevrokibernetika, 
Ljubljana,
Slovenija: Fakulteta za
Elektrotehniko. With 
permission.)
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The motor plate is usually located around the 
center of a fiber in a longitudinal direction



Trimester 1, January 2009

20

UEMB 4123 - Biomechanics II (Lecture 7)

BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• An incoming nerve impulse causes an electric change in the 
neural terminal leading to the release of a transmitter 
(acetylcholine) which binds itself to muscle cell receptors, 
resulting in the depolarization of the sarcolemma
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Depolarization occurs in both directions along 
a muscle fiber
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Consequently, 
– an electromagnetic field is generated in its 

environment

• Because the final global effect is our concern, 
the complex electrochemical mechanism shall 
not be discussed in further detail
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The total bioelectric signal of a muscle is
– a result of the spatiotemporal summation 

of activity of a large number of motor units 
(interference pattern)

• Muscle action potentials “accompany”
chemical processes where mechanical and 
thermal energy is released
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• According to Katz, “Muscular action potential 
realizes a fast mobilisation of the contractile 
apparatus in the interior of the muscle cell.”

• The propagation speed of muscle action 
potentials 
– might be in a 2- to 6-m/s interval, 
– while impulse width is 1 to 5 ms
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• From the systems’ standpoint, 
– the electrophysiological process of 

stimulation and contraction of skeletal 
muscles can be taken as being the 
transformation of information contained in 
a train of electrical impulses, 
> i.e., pulse-coded information traveling along 

the neural fiber, into a mechanical force
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Apart from the mechanical effect,
– an electrical change occurs in the muscle’s 

state through the propagation of electrical 
impulses in the motor unit
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The parallelism in these two processes,
– where an electrical precedes a mechanical, 

provides a basis for the indices of 
electrical events in a muscle 
> to serve as indicators of a developed 

mechanical force
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• As carrier signals of control (or sensory) 
information in the neuromuscular system,
– neural action potentials are equal in shape, 
– while the transmitted information is 

contained in time intervals between the 
successive action potentials, 
> i.e., in engineering terms, pulse-frequency 

modulation occurs
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The propagation speed of neural action 
potentials 
– may be within a 0.5- to 120-m/s interval

• The electrical processes of propagation of 
the action potential in a neuron and then in 
muscle fiber 
– lead to the realization of a muscle twitch with a 

delay of a few milliseconds (latency time)
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• A twitch is 
– defined as a time change of isometric force

• The twitch phenomenon lasts an order of 
magnitude longer than the electric action 
potential
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Muscle fibers differ in regard to twitch 
characteristics, so there are
– Fast muscle fibers ( 50 ms)
– Slow muscle fibers (~120 ms)
– Muscle fibers with characteristics in-

between
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Due to the neuromuscular system’s 
adaptability, 
– the type of neural stimulation may 

consequently influence the type of muscle 
fibers

– There are examples of experiments of this 
type conducted on animals
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Muscle fibers of the same motor unit 
– are anatomically grouped into subgroups 

that are dispersed throughout the muscle

• Therefore, motor neuron action potentials 
reach them with different latencies,
– contributing to the spatial gradation of 

muscular contraction
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The twitch of a muscle as a unity caused by 
one action potential might, in the first 
approximation, 
– be mathematically modeled as a critically 

damped system of the second order
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

Idealized waveform of skeletal 
muscle twitch. 
(From Vodovnik, L. 1985.
Nevrokibernetika, Ljubljana, 
Slovenija: Fakulteta za
Elektrotehniko. With permission.)
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Where T is the time of 
reaching maximum force, 
about 75 ms in m. soleus

• By increasing the 
frequency of neural action 
potentials to about 50 per 
second and more,

– muscle fibers no 
longer have time to 
relax and tetanic
contraction takes place
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The gradation of the total force of a muscle as 
a unity is achieved by the activation of 
– more motor units (spatial summation) and 
– by increasing the frequency of the action 

potentials of particular motor units 
(temporal summation)

• According to the “motor unit size law,” small 
motor units are activated first and then large 
ones
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Hatze postulated the principle of “maximal 
grading sensitivity,” according to which, 
contractile muscular activity is, in a certain 
sense, 
– inverse to the activity of sensory organs-

receptors described by the Weber-Fechner 
law



Trimester 1, January 2009

39

UEMB 4123 - Biomechanics II (Lecture 7)

BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Hatze postulated the principle of “maximal 
grading sensitivity,” according to which, 
contractile muscular activity is, in a certain 
sense, 
– The total force (strain) manifested at the 

ends of the muscle in a longitudinal 
direction is the geometrical vector sum of 
the twitches of active motor units
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• Locomotion, however, 
– is primarily characterized by dynamic 

contractions, 
> in which the regimes of 
> eccentric and concentric contractions are 

constantly exchanged
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BIOMECHANICAL MODELING OF 
SKELETAL MUSCLE

• The activity of lower extremities musculature is of 
primary consideration

• Skeletal muscle research in humans and animals 
– has resulted in the establisment of their 

biomechanical characteristics which, at a 
macroscopic level, 
> relate their kinematic properties (length, e.g., 

contraction velocity) with their ability to develop 
mechanical force (e.g., strain)
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NEXT LECTURE

• Mechanical Scheme of Muscle


