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Objectives

At the end of this lecture you should be

able to:

1-Recognize the organization of the nervous system.
2-Detect the differences between central nervous system
(CNYS) and the peripheral nervous system (PNS).

3-Discuss the functions and recruitment of the motor unit.
4- Interpret the effect of motor units number and size on
the motor action performance.

6- Explain the importance of development of macromotor
units 1in poliomyelitis.

5- Compare between rate coding and recruitment.




Neurons

The building unit of the
nervous system is the
neuron which has
Cell body
Nucleus
Dendrites
Myelination
Nodes of Ranvier
Axon terminals
Synaptic end bulbs
Neurotransmitter
Acetylcholine (ACH)
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Organization of Nervous System

Key: Brain

— = Sensory (afferent)
division of PNS

— = Motor (efferent)
division of PNS
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Nerve-Muscle Interaction

The nervous system can be divided into central (CNS) and Sesary Newrs

peripheral (PNS). /\

PNS can be divided in terms of function into motor and Somatic
sensory activities. System
Sensory Neurons: collects information from the various \/

receptors located throughout the body and transmits them Motor Newrons

to the brain.

groy motter I

Motor Neurons: conducts signals to activate muscle

white matter dorsal root ganglion

$2n50ry newron

|
wertral root

contraction.

Skeletal muscle activation is initiated through neural

activation.

A nerve is made up of a group of axons of neurons.
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Sport Books Publisher 0



ag-motor neuron in the anterior horn cell

e Golgi tendon
/ organ

__— |Ib afferent

Inhibitory
interneuron

neuron



What is a Motor Unit ?

e [t is the a-motor neuron 1n the anterior
horn cell (AHC) and all the muscle
fibers 1t innervates (supplies).

e All of these muscle fibers will be of 3ﬁi§ N

the same type (either fast twitch or slow g }
twitch fibers). g
e Each muscle consist of a number of
motor units.

*The muscle fibers in different motor
units overlap. Therefore, separate motor
units contract in support of one another
rather than entirely as individual
segments.




Motor Unit (MU)

The number of muscle fibers in a

motor unit innervated by one motor
neuron varies.

Leg muscles: 600 muscle fibers
per motor neuron.

Extra ocular muscles < 10 muscle
fibers per motor neuron.

Some laryngeal muscles (2-3

muscle fibers per MU. Moreprocisn miovominls s pri mevernls

The average all over the body is :
80-100/MU ;i
The number of muscle fibers per )
each motor unit affects the ! !

precision of movement 1.e small
number is associated with more

prem’ge movements and vice versa




Group of motor units often work
together to help the contractions

of a single muscle and are called
Motor Unit Pool.

Muscles needed to perform
precise movements generally
consist of a large number of
motor units and few muscle
fibers in each motor unit e.g
Hands and eyes muscles

Less precise movements are
carried out by muscles
composed of fewer motor units
with many fibers per unit e.g
Trunk muscles.

Axon terminals at
Soinalcord neuromuscular
pma\ cor junctions

Motor Motor

Motor neuron
cell body

Motorneuron 4

Muscle
fibres

Axon of motor neurons extend from the spinal cord to the muscle.
There each axon divides into a number of axon terminals that form neromuscular
junctions with muscle fibers scattered throughout the muscle.



The force produced by a single
motor unit i1s determined by [

(1) The number of muscle fibers in
the unit and

(2) The frequency with which the
muscle fibers are stimulated by
their innervating axon. Generally,

this allows a 2 to 4-fold change in
force.

“Recruitment”
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The activation of one motor neuron
will result 1n a weak muscle
contraction.

e The activation of more motor
neurons will result in more muscle
fibers being activated, and therefore
a stronger muscle contraction.

e The higher the motor unit
recruitment, the stronger the muscle
contraction .
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Muscle Contractions of Different Force

(Force Summation)
Summation :means the adding together of
individual twitch contractions to increase the
intensity of overall muscle contraction.

Summation occurs in two ways: 1

1-By increasing the number of motor units !\ M
contracting simultaneously, which is called 0[2\ R —
multiple fiber summation (Recruitment of motor T
units).

2-By increasing the frequency of contraction,
which 1s called frequency summation (rate
coding) and can lead to tetanization.

Rate coding :refers to the motor unit firing rate.
Active motor units can discharge at higher : : :

)
frequencies to generate greater tensions et e s
(contraction force).




Multiple Fiber Summation
( Recruitment of motor Units)

When the central nervous system sends
a weak signal to contract a muscle, the
smaller motor units of the muscle may
be stimulated in preference to the larger
motor units.

Then, as the strength of the signal
increases, larger and larger motor units Motor Recruitment
begin to be excited as well, with the SEERE

largest motor units often having as
much as 50 times the contractile force
of the smallest units. This phenomenon,
called the size principle.,




The size principle

*The size principle is important because it
allows the gradations of muscle force during
weak contraction to occur in small steps.

*The steps become progressively greater when
large amounts of force are required.

*This size principle occurs because the smaller

motor units are driven by small motor nerve
fibers.

*The small motor neurons 1n the spinal cord are
more excitable than the larger ones, so
naturally they are excited first.
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Figure 12.18 Increases in force generation with recruitment of motor
units. (a) Motor units X and Y, which possess five fibers and seven fibers,
respectively. (b) Tension developed by motor unit X, by motor unitY, and by
motor units X and Y together.



Recruitment

Varying the number of motor units activated.

Small motor units Larger motor units Largest motor units

Low stimulus threshold Higher: stimulus Highest stimulus
threshold threshold
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Frequency Summation (rate coding) and Tetanization

Individual twitch contractions occur one
after another at low frequency of s
stimulation (separate twitches).

Plateau

As the frequency increases, there comesa st * P * 4t
point when each new contraction occurs "
before the preceding one is over
(summation).

When the AHC fires at slow rates, motor
unit potentials (MUPs) will be at slow rate
& the force of muscle contraction is weak.

If AHC:s fire at very fast rates [ fast MUPs
] stronger contraction.

AW/M
Thus the total strength of contraction rises U0
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Rate of stimulation (times per second)

progressively with increasing frequency. et £18. gy oo v hmsentin
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Tetanization

When the frequency of muscle stimulation reaches Rate Coding
a critical level, the successive contractions become sunllbaiBicths  Thamas{C)s sied el
overall effect of added  tension due to high frequency

stimuli stimulation

so rapid and fuse together and the muscle

4

contraction appears to be completely smooth and
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Relative Twitch Tension

continuous, this process is called tetanization. T
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Tetany occurs because enough calcium ions are e =
maintained in the muscle sarcoplasm, even between
TWITCH SUMMATION NCOMPLETE COMPLETE
TETANUS TETANUS

action potentials, so that full contractile state is

sustained without allowing any relaxation between

the action potentials.
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Recruitment versus rate coding

Motor Unit Recruitment

Muscle with small motor units Muscle with large motor units

In order to increase their force of
contraction
Smaller muscles (e.g: first dorsal

interosseous) rely more on rate g

coding. Ty
+ Larger muscles of mixed fiber kel

types (e.g: deltoid) rely more on | | MR ™

recruitment of motor units.




Development of Macromotor Units

(Recovery of Muscle Contraction in Poliomyelitis:)

When some (but not all) nerve fibers to a
muscle are destroyed, (e.g poliomyelitis), the
remaining nerve fibers branch off to form
new axons to innervate many of the
paralyzed muscle fibers.

This process results in large motor units
called macromotor units, that contains up to
five times the normal number of muscle
fibers for other motoneuron in the spinal
cord.

The formation of large motor units decreases
the fineness of control one has over the
muscles but allows the muscles to regain
varying degrees of strength.

Normal

Vviechers and Hubbell proposed that
these new sprouts are not
indefinitely stable . . .
Wiechers, D. & S L. Hubbell, 1981.
L ate changes i the motor unit after
acufe poliomyelitis. Muscie & Nerve
q4: 524-528



All or non role

Motor Unit Follows “all-or-none” principle —
impulse from motor neuron will cause
contraction in all muscle fibers it innervates

Oor none.

In an electrodiagnostic testing e.g
electromyography (EMG) for a patient with
weakness, careful analysis of the motor unit
action potential (MUAP) size, shape, and
recruitment pattern can help in

distinguishing a myopathy from neuropathy.

Neuropatnic MUAP
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Typical MUPs characteristics in myopathic,
neuropathic & normal muscle

MUP Myopathy  (Normal Neuropathy

Duration i msec 3~ 15 msec 15 msec

Amplitude 300 Vv 3005000 uV [=5mV

configuration | polyphasic  [triphasic Polyphasic










