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Physiology Team 436 — Musculoskeletal Block Lecture 4

Lecture: If work is intended for initial studying.
Review: If work is intended for revision.



Objectives

o Recognize the organization of the Nervous System. (slide 3,4)

o Identify the differences between central nervous system (CNS)
& peripheral nervous system (PNS). (slide 5)

o Understand the function & the recruitment of the motor unit.
(slide7,12)

o Appreciate effect of motor units number on motor action
performance. (slide 8,9,10,11,15,16)



Organization of the Nervous System
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Organization of the

The Central Nervous System: It is the
part that integrates the sensory
information that it receives from different
parts of the body, and coordinates the
body’s activity.

It consists of :

< The Brain which is protected by the
skull.

< The Spinal cord which is protected by
the vertebrae.

0 Both are enclosed in the meninges.

Nervous System Cont.

The Peripheral Nervous System (PNS):is
divided in terms of function:

» Sensory Neurons : collect information
from the various sensors located
throughout the body and transmit the
information to the brain.

» Motor Neurons : conduct signals to
activate muscle contraction.

Motor neurons system is subdivided into:
» Somatic nervous system.
» Autonomic nervous system.

» Skeletal muscle activation is initiated
through neural activation.




Neurons

The neuron is the building unit of the nervous system which is comprised of:

<+ Cell body:
= Nucleus
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< Dendrites.
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< Axon terminals (synaptic end bulbs).

< Neurotransmitter:

= Acetylcholine (ACH) u


https://www.youtube.com/watch?v=6qS83wD29PY

a-Motor Neuron
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* Motor unit :is an a-Motor Neuron

* Location of a-Motor Neuron : in the anterior horn cell (AHC) and it is responsible for
innervating the skeletal muscle fibers and their contraction.

¢ A nerve is made up of a group of neuron axons.
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The function of nerve cells : is to transmit electrical messages and signals throughout the body.

+ >
~ ( 4 @ @ — receptor cells a descending
Spinal cord ol cell body of cell body of tract carries P teri
\ [ | nerve fibre sensory neurone relay neurone impulses from osterior
, | of sensory — in the dorsal / the brain ( )
| wit o neurone root ganglion /’ Dorsal horn
Motor neurons [ | /| / dorsal root of // /' central canal
v} ke spinal nerve [
L l* 't spinal \
[ || | | Sensory neurons nerve )
J | ]
o
nerve fibre -
Muscle - of motor —_\\
neurone
Muscle spindle
. effector
Golgi tendon organ (a muscle - N ventral root of //
. = I nerve Il body of p .
E or gland) ~ spina ce! y O
g : e AN orey an ascending Anterior
| matter matter tract carries Ventral horn
3 o . | N et impulses to the ( )
Explained in next slide J g e g

7 NOTE : motor unit = motor neurons + their terminal axon + the muscle fiber which will be innervated.



https://www.youtube.com/watch?v=jaWrMYChc5A

Further Explanation of Neurons

(Text: added from external resources based on the doctor’s explanation. Picture: from the doctor’s slides)

o Sensory Neurons:
Carry signals from the outer parts of your body
(periphery) into the central nervous system.

o Motor Neurons (Motoneurons):
Carry Signals from the central nervous system to the
outer parts (muscles, skin, glands) of your body.

o Interneurons:
Connect various neurons within the brain and spinal
cord.
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Motor Unit

» lItis the a-motor neuron in the anterior horn
cell AHC and all the muscle fibers it
innervates

» All of these muscle fibers will be of the same

type, either fast twitch or slow twitch

» Each muscles consist of a number of motor
units

» When a motor neuron is activated, all of the
muscle fibers innervated by the motor
neuron are stimulated and contract.

Spinal cord

=] = Motor unit 1
B = Motor unit 2
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Motor Unit

» The number of muscle fibers in a motor unit (innervated by one motor neuron) varies. For
example:

Gastrocnemius S
muscle fibers per motor neuron. (R =
=

Extraocular muscles
Less than |0 muscle fibers per motor neuron.

» Ratio of muscle fibers to motor neurons affects the precision(482)) of movement:

If the ratio is low * the action is specific ( more precise )
If the ration is high » the action is less specific ( less precise )




Precision of Movement

More precise movements Less precise
movements




The Precision (
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Jl) of Movement

» Groups of motor units often work together to help the contractions of a single muscle .

“the number of muscle fibers within each motor can vary”

» precise movements muscle consist of a large number of motor units and few muscle
fibers in each motor unit

» e.g. Hand and eye muscles. ( low ratio of muscle fibers to motor neurons )

» Less precise movements muscles composed of fewer motor units with many fibers per

unit

4 e.g.Trunk muscles. ( High ratio of muscle fibers to motor neurons )
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Motor Unit Recruitment (&S sl las ll cals 3)

Motor Unit Pool : The group of motor units supplying a single muscle

The nervous system can increases force production in two ways

> |) Recruitment of new motor units:

It is the progressive activation of a muscle by successive recruitment of contract
units) to accomplish increasing degrees of contractile strength (force)

If the stimulus is low, the small motor units will be activated. ( small number of muscle fibers will contract )

>

>

: :
If the stimulus is higher, the large motor units will be activated ( more muscle fibers will contract )

> While if the stimulus is highest, the largest motor unit will be activated( the whole muscle will contract )

T

motor unit J ase 055 Y Jlo (old] zlss Y ks dagdall oYl §

JX8 «diidl motor unit JI sus 3133 ¢ JUd] dgaed Zlize b dyme (S ¢ Jiidd
0PI Wi ke clgili> muscle fibers JI J&&5 motor unit

activated motor unit J! 34¢ W32 Z1) motor unit recruitment J! )uaisb 13)

.muscle contraction J! 31535 1) JWLd

Foree of contracton

AARAAAA Nn .

Number of rimmotor units contracting



Increasing Stimulation Force

Second way the nervous system can increase force
production:

»  2) Increasing stimulation frequency (rate coding):
Increasing frequency of action potentials (by increasing

) 10 60
the impulses) will result in a stronger force of per second - per second per second
contraction. o
JIau3s 7l Sl Led i ye S5 3, 436 U5, stimulus JI LSS sue 08 Lladl &
° |fAHCS fire at SlOW rates 9 SIOW MUPS . tetany maximum contraction 4> Jswogi b JI muscle contraction

- weaker contraction.

* If AHCs fire at very fast rates > fast MUPs
—> stronger contraction.

(MUPs) : motor unit potentials




Force of a Single Motor Unit

» The force produced by a single motor unit is determined by :
o The number of muscle fibers in the unit.

( as numbers of muscle fibers increase , the force will be increased )

o The frequency with which the muscle fibers are stimulated by their
Innervating axon.

( as the frequency of stimulus increase, the force will be increased )

Rest ——

Generally, this allows a change in force. Stight

contraction

hMaximal :[1 Y
contraction




The Size Principle

. Varying the number of motor units

activated.

Small motor units
Larger motor

Low stimulus units (moderate)
threshold

Higher stimulus
threshold

Largest motor unit

Highest stimulus
threshold
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Recruitment and Size Principle
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Figure 12.18 Increases in force generation with recruitment of motor
units. (a) Motor units X and ¥, which possess five fibers and seven fibers,

respectively. (b) Tension developed by motor unit X, by motor unit Y, and by
motor units X and Y together.



Rate Coding

Rate coding refers to the motor unit firing rate.
Active motor units can discharge at higher frequencies to generate greater tensions.
Example: 5 times or |0 times per second for the same motor unit

Recruitment \A Rate Coding
% Large muscles * Small muscles
¢ Ex: deltoid ¢ Ex:first dorsal interosseous
% Rely more on recruitment ¢ Rely more on rate coding
of motor units (frequency)
Reason: muscle fibers & motor unit Reason: muscle fibers & motor unit
are more. are less.



All or None Role

» Motor Units Follows “all-or-none” principle — impulse from motor neuron will cause
contraction in all muscle fibers it innervates or none.
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» In an electrodiagnostic testing (EMG , electromyography) 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 (problem in muscle) from a
neuropathy (problem in nerve)




» https://www.onlineexambuilder.com /physiology-motor-unit/exam-116693

Link to Editing File

(Please be sure to check this file frequently for any edits or updates on all of our lectures.)
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