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Objectives

01 Recognise the organization of
the Nervous System

Discuss the functions and
03 recruitment of the motor
unit

Explain the importance of
development of macromotor

0 5 units in

poliomyelitis.

02

04

06

Identify the differences between central
nervous system (CNS) &
peripheral nervous system (PNS)

Interpret the effect of motor units
number and size on the motor
action performance

Compare between rate coding
and recruitment. And Define -all
or non -principle.



Neurons

Neuron: the building unit of the nervous system.

01
02
03
04
05
06

Cell body (soma)
Contains: the nucleus.

Dendrites
Short processes

Axon Contains: myelination + nodes of ranvier
Long processes

Axon Terminals

Synaptic End Bulbs

Small structure at the end of the nerve cell

Neurotransmitter
Acetylcholine (Ach)
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Nerve - Muscle Interaction

C Nervous System)

Peripheral Nervous Central Nervous
System System

—— —
[Brain ][Spinal cord]

Sensory Neurons Motor Neurons
Collect information from Conduct signals to
various receptors/sensors activate

located throughout the body muscle contraction.
and transmits them to the

brain.

e Division of PNS in terms of function: motor & sensory
activities.

e  Skeletal muscle activation is initiated through neural
activation.

e Nerve: made up of a group of axons of neurons.

Key:

—— = Sensory (afferent) <ZT =
division of PNS L

—— = Motor (efferent) (1~ \
division of PNS o~
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motor fiber of ANS
e

Visceral organ
Skin

Spinal
| cord

T Somatic sensory
fiber
v —
Motor fiber of /
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Somatic
System
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e  Skeletal muscles >
neurogenic infunction
(depend on nerve
supply) .

e Cardiac muscles >
myogenic in function.



Organization of the Nervous System

Nervous System

| |
Central Nervous System (CNS) Peripheral Nervous System (PNS)
1 1 1 1
Brain Spinal cord Motor Neurons Sensory Neurons
Receives and processes Conducts signals to CNS to muscles Sensory organs
sensory information, and from the brain, and glands fo CNS
initiates responses, controls refiex activities
stores, memories
generates thoughts |
and emotions 1 1
Somatic Nervous System Autonomic Nervous System
Controls voluntary Controls involuntary
movements responses
o 1
Divisions of the nervous system. I |
http://[pharmacology-notes-free.blogspot.com/ Sympathetic Division Pa pathetic Division
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nerves
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“Fight or Flight”

“Rest or Digest”




What is a Motor Unit?

e Motor unit: ac-motor neuron in the anterior horn cell (AHC)
+ all muscle fibers it innervates (supplies).

e All of these muscle fibers of a motor unit will be of the same
type (either Fast twitch or Slow twitch)(white or red).

e FEach muscle consist of a number of motor units.

e When a motor neuron is activated, all the muscle fibers it
innervates are stimulated and will contract.

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

g Somatic
motor axon
Motor unit
Neuromuscular
Junctions
Skeletal muscle fibers

Figure 6-14. A motor unit consists of a motor neuron and the group skeletal
muscle fibers it innervates. A single motor axon may branch to innervate
several muscle fibers that function together as a group. Although each muscle
fiber is innervated by a single motor neuron, an entire muscle may receive input
from hundreds of different motor neurons.

a-motor neuron in the anterior horn cell

Moo ewrons | |
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Mascespindle
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One muscle may have many motor units of different fiber types.

Neuron 2
Neuron 3
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Motor Unit (MU)

©

The number of muscle fibers in a motor unit (innervated by one motor neuron) varies:-

GEWN =

Extraocular muscles: < 10 muscle fibers/motor neuron. _ Extra Info:
Laryngeal muscles: 2 - 3 muscle fibers/MU. It needs precision As motor urﬁlts in a muscle
Leg muscles: 600 muscle fibers/motor neuron. B b e

gets more precise.

Gastrocnemius: 2,000 muscle fibers/motor neuron.
Average all over the body: 80-100/MU.

The number of muscle fibers per each motor unit affects the precision
of movement i.e small number is associated with more precise

movements and vice versa.
Ratio of muscle fibers to motor neurons affects the precision of -

Movement

More precise movements
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Motor Unit Pool

O

Motor unit pool: Groups of motor units often work together to help
the contractions of a single muscle.

Muscles needed to perform precise movements (hand & eye muscles)

generally consist of:

Large number of MU + few muscle fibers in each MU.
Small number — more precise movement.

MU are smaller in size

Less precise movements (trunk muscles) consist of:
Fewer number of MU + many muscle fibers per unit.

Large number — less precise movement(stronger contraction).
MU are larger in size
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Force Of Contraction

The force of contraction produced by a
single motor unit, is determined by:

Frequency Number
(times of stimulation/sec) Of muscle fibers in the unit
‘ ~
Supply with nerves with which the muscle fibers are stimulated by ( / ,;\‘/ \
to stimulate an innervating axon generally allows a 2 - 4 fold \ P
organ or a nerve change in force (being 4 times as great or as many). B | {png Running >
- o The activation of more motor The higher the motor
e activation of one neurons will result in more . . h
motor neuron will result in muscle fibers being activated, it recru;;[ ment, 'i ¢
a weak muscle contraction. and therefore a stronger stronger the muscle

. contraction.
muscle contraction.
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Force Summation

VIDEO
Summation: adding together of individual twitch contractions to increase the intensity of overall
muscle contraction.
[ ]
Force Summation
) . Frequency Summation

Recruitment: varying | Multiple lf‘lber Summation (Rate. Co.ding), can lead to > Rate coding :refers
the. numl.)er O(f]: motor A/ (Recruitment of MU ) tetanization (will be discussed to the motor unit
K/IHSS actlYate . h later) firing rate. Active

recrl.ntmer}t. t, € . motor units can
ptliogressnlfe lE)lCtlvatIOIl IMng i‘:‘)sft?uﬁger of working Increase the frequency of discharge at higher
Of & Muscie by act s contraction. frequencies to

successive recruitment | Simultaneously.

ccessive recrull generate greater
(() C(?[n rac.i e units tensions
motor units) to (contraction force).

accomplish increasing :
degrees of contractile
strength (force).

most
powerful
contraction

]

1 2 3 4+ 5 6 7 8 4 2 10 Himpulses {(1mpuises 6 impuises

Number of motor units contracting per seCOnd per Second pef SeCOnd
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Muscle with small motor units

Relative strength of
whole-muscle contraction

The Size Principle

CNS sends a weak signal to contract a muscle —smaller MU

of the muscle stimulated in preference to larger MU. Number of m";.:)ui.ts recruited
As the strength of the signal increases, larger and larger o o e moter e
motor units begin to be excited as well.

Largest motor units have as much as 50 times the contractile
force of the smallest units.
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Relative strength of
whole-muscle contraction
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This is the size principle 1 o2 3 a4
Number of motor units recruit

(b)
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Recuitment in order
based on the size principle

SpinslEaRd Recruitment order

; Small motor unit
X . -~ g motor neuron has small .

S e — = o — cell body & innervates a SEnan r'notor L Lal_-ger motor Largest motor units
s = few type | muscle fibres Loygstimuius units
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‘ 3 theshold Higher stimulus thlgesehsolts! malus
threshold
large motor unit ﬂu
motor neuron has large
cell body & innervates H H H
sesahos i The Size Principle

fiores I ARGURE of Force Reauired During Movement T




The Size Principle cont.

Occurs because:

o Smaller MU are driven by small motor nerve fibers.
o  Small motor neurons in spinal cord are more excitable than the
larger ones — naturally excited first.

Importance:

Allows gradations of muscle force during weak contraction to occur
in small steps.
Steps become progressively greater when large amounts of force are

required.

e Stimulation increases —motor
neurons get activated —
increases contraction force.

Spinal 12 fibers

Tension (g)

7 fibers

r /[

stimui § 3 1

X X+Y

(b)
Figure 12.18 Increases In force generation with recruitment of mot
units. (a) Motor units X and Y, which possess five fibers and seven fibers,
respectively. (b) Tension developed by motor unit X, by motor unit Y, and b

motor units X and Y together.

Recruitment of motor units

Motor units
and force
f\ » An increase in number of motor
3 units involved in contraction
) increases contraction force of
N\ the muscle.
I Motor » Threshold stimulus: Activates
neurons single motor unit to produce a
very small force of contraction.
» Submaximal stimulus:

'
|

Activates multiple recruited
motor units to produce a
greater force of contraction.
» Smaller and weaker motor
units are recruited first.
Larger and stronger motor

Myogram

f contraction

units are added as needed.
» Maximal stimulus: Activates

all motor units to produce

maximum contraction force.

strength _Force of

Stimulus

n n
Threshold Submaximal Maximum 7%,
stimulus _ stimulus __ stimulus




Frequency Summation (Rate Coding)

Dorsal interossei

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

As the frequency increases, there comes a 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.

there will be relaxation after each

If AHC:s fire at very fast rates fast MUPs stronger contraction. T —

Thus the total strength of contraction rises progressively with increasing frequency

Rate Coding vs. Recruitment

Small muscles rely Large muscles of mixed

- Rate Coding fiber types rely more on , :
more on rate coding . 4 W > }Q

Deltoid Muscle

recruitment

Example: first dorsal

interosseous. Example: deltoid.




Tetanization

high frequency of stimulation

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

Tetanization: when frequency of muscle stimulation reaches a
critical level where successive contractions become so rapid
and fuse together and the muscle contraction appears to be
completely smooth and continuous.

e Tetany occurs because:
Enough Ca++ are maintained in muscle sarcoplasm, even
between APs
— full contractile state is sustained without allowing any
relaxation between
the APs.

Tetanization

———

Strength of muscle contraction

L\l L\l L L\l L] | I Al T T

5 10 15 20 25 30 35 40 45 50 55
Rate of stimulation (times per second)

Figure 6-15. Frequency summation and tetanization,



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.

VWiechers and Hubbell prop:
these new sprouts are
indefinitely stable
Wiechers, D, & S L. Hubbe
Late changes in the motor
acule poliomyelitis. Muscle
4 5249-528



All or None Role

“All-or-none” principle: impulse from motor neuron will cause contraction in all
01 muscle fibers it innervates or none. Motor Unit follows “all-or-none” principle.

In an electrodiagnostic testing (e.g. electromyography - EMG) for a patient with
02 weakness, careful analysis of the Motor Unit Action Potential (MUAP) size, shape,
and recruitment pattern can help in distinguishing a myopathy from neuropathy.

Typical MUPs characteristics in myopathic,
neuropathic & normal muscle

Phases Amplitude B. C

MUP Myopathy [ Normal Neuropathy
Duration } msec 315 msec 15 msec
Duration — Amplitude 300wV 3005000 uV [=5mV
cenfiguration | polyphasic triphasic Polyphasic

Normal MUAP Neuropathic MUAP Myopathic MUAP
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You can find the pages related to this lecture
from (Guyton) here

Note: Guyton has extra information that might not be with us, but if you want to
learn more about the topic make sure to check it out :3
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MCQs

Q1:The higher the motor unit recruitment:

A-the stronger the muscle = B- the weaker the muscle = C.the stronger the muscle
dilation dilation contraction

Q2: Less precise movement consists of:

A-fewer number of MU & = B-fewer number of MU & = C-greater number of MU
many muscle fibers per | few muscle fibers per unit = & many muscle fibers per
unit unit

Q3:Which of the following can lead to tetanization:

A-severe muscle B-development of C-multiple muscle
contraction macromotor units summation

a€veol

D-the weaker the muscle
contraction

D-greater number of MU
& few muscle fibers per
unit

D-frequency summation



MCQs

Q4: How many muscle fiber per motor unit in leg muscle?
A-500 B- 600 C.900 D-400

Q5: Group of motor units often work together to help the contractions of a single muscle:

A-motor unit B- motor neuron C-muscle fibers D-motor unit pool

Q6:The average motor unit of all the body:

A-80-100 B-500-1000 C-800-1000 D-3000-10000

vVoasdv
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