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HYSIOLOGY
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-

Organization of the Nervous

System and Motor unit

[ Very important

O Extra information

B Terms
Strength and growth come only through
continuous effort and struggle!
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Objectives

* Diagnose the organization of the Nervous System.

» Appreciate differences between both central nervous system (CNS) and
peripheral nervous system (PNS).

" |dentify motor unit.
= know the function & recruitment of motor unit.

= Appreciate effect of motor units number on motor action performance.




M\eHysioLocy Organization of the nervous system

TEA 135

Nervous system

. B R T é

Central nervous Peripheral nervous
system ( CNS) system ( PNS)

Cerebrum

__________________________________________________________________________________

. itis the part that integrates the sensory information that is
L~ receives from different parts of body and coordinates the

activity of all parts of the body.

__________________________________________________________________________________

Consists of :
- The brain and it protected by the skull .

- The spinal cord and it protected by the vertebrae .

both of them are enclosed in the meninges.
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Nervous System I

Conducts signals 10
and from the brain,
controls refiex activities

“Fight or Flight*

Video /Video?2
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https://www.youtube.com/watch?v=x4PPZCLnVkA
https://www.youtube.com/watch?v=tm-YGOFhhHE
https://www.youtube.com/watch?v=tm-YGOFhhHE
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Brain consists of : !

2 Cerebral
hemispheres

connected
together by

corpus
callosum

parietal

temporal

occipital
lobes

Cerebral
cortex

Contact us :

Deep white

Brain stem Cerebellum
matter

has groups of

. ) nuclei as basal
To increase brain surface area. ganglia and

others.

Occipital
lobe
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PTEAMg3S | Central nervous system
o - Dorsal root
S p in al CO I"d . White afte ganglion

Sensory

Gray matter Dorsal root
" Consists of H shape grey matter \/7\\ neuron
soma

formed of neurons (nerve cells) : (

|- Dorsal horn has Sensory neurons.
2-Ventral horn has Motor neurons.

= Surrounded by white matter of nerve fibers
( ascending and descending tracts).

Spinal
nerve

\

Motor neuron Ventral root
soma

Cross Section of Spinal Cord

Spinal nerves contain both sensory afferent ( bring information to the )
spinal cord) and motor efferent ( send information to periphery) video
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https://youtu.be/LwuV5JbgCNk
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Peripheral nervous system

Brain .-.. N
Spinal cord — %
//“é“\ -

Somatic Nervous

7748

System zii
Peripheral Sympathetic Nervous ‘ '? :%
nervous system . system / N
Autonomic

W
223
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Nervous System
Parasympathetic
Nervous system

Sensory
neurons

Sensory
neurons

External

environment B Central nervous system
Peripheral nervous system:
B Autonomic
B Somatic

Internal
environment

Autonomic
nervous system

Sensory somatic
nervous system

Motor Motor

neurons

neurons
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HYSIOLOGY Sensory-somatic nervous
435 system

-

The actions of the Sensory-Somatic nervous system are largely voluntary .

The Sensory-Somatic Nervous System is concerned with all our conscious awareness of
the external environment and all our motor activity to cope with it .

The sensory-somatic system consists of ¢ sensory afferent

‘ M
—[ 12 pairs of cranial nerves T ~—=

\

(All has sensory afferent & motor efferent )

Remember the word “SAME” : Sensory Afferent, Motor Efferent. V d
Afferent = Arrive / Efferent = Exit. [e[S]e)
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https://www.youtube.com/watch?v=4MT-ulID7I0&feature=youtu.be

PHYSIOLOGY Cranial nerves
TEA 435

They are |2 pairs :

| |
|0 cranial nerve originate from It (‘olfactory ) and
the brainstem nuclei 2"d (optic ) lie in the forebrain and thalamus

\ J
|

They control the function of all structures of Head & Neck with some exception

1) Olfactory nerve

3} Oculomotor nerve
4] Trochlear nerve
5) Trigeminal nerve

&) Abduocens nerve

7) Facicl nerve

All cranial
nerved originate
from brain stem
except olfactory
and optic.

8) Vestibulocochlear nerve

9} Slossophoaryngeal nerve

11) Accessory nerve

12) Hypoglossal nerve
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TEAMA 35 Spinal nerves

= They take their origins from spinal cord. Cemca,p,ms{ 3% | |
)% || nemves
. A Cy=Cy
= They are 31| pairs : Brachial plexus (L |
Cervical ; ]
. enlargement &
* 8 cervical — :E
* 12 thoracic Intercosta b, | s
nerves =<5 || nerves
*5 lumber ~ —L [ =T,
* 5 sacral ]y
Lumbar AN N
1 COCC)’gea| enlargement ' P L
/ I. z
. N
= They control the function of all parts of the body r e '{\ Lumbar
4 ! —| nernes
( except head & neck ) Lumbar plexus — lfll}'\ Li-Ls
|
= ’1'\:,\\
= All of spinal nerve are mixed {contain both sensory - 7 W
. acral plexus — i nerves
afferent(sensations ) and motor efferent (commands ) /4‘\ | |ESi=Ss
neurons ( pass in dorsal & ventral root ) }. 3 | Cocoygel
Cauda aquina { : n%rve
0
Remember : we have 7 cervical vertebrae but 8 cervical nerves Video
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https://www.youtube.com/watch?v=KnD16gwpCz8

The Sensory Neurons The Motor Neurons

* The sensory neurons are afferent = The motor neurons are efferent

neurons, running from stimulus neurons which relay motor
receptors to relay sensory impulses away from the CNS
impulses toward the CNS to to periphery
inform it about all types of ( skeletal muscles, or gland )
sensations. ( pain, touch) to take action.
[ pass in the dorsal root ] [ pass in the ventral root ]
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Dorsal root (sensory)

Dorsal root ganglion Dorsal horn (interneurons)

Somatic
sensory
neuron

Visceral
sensory
neuron

Visceral &
motor
neuron

Spinal nerve

Ventral horn

Ventral root (motor neurons)

Somatic (motor)

motor neuron
. Interneurons receiving input from somatic sensory neurons

. Interneurons receiving input from visceral sensory neurons

VM| Visceral motor (autonomic) neurons

. Somatic motor neurons

|- Sensory neuron ( hold the
afferent sensations) will pass
from the Dorsal root to reach
the Dorsal horn of spinal cord.

2- in the Dorsal horn there are
some of the sensations will go

up to the brain (CNS), and the
rest will complete the cycle by
turn to commands which hold

by motor neurons and pass the
ventral root.

* Dorsal horn = posterior
horn = sensory neurons.

¢ Ventral horn = Anterior
horn = Motor neurons.

e AHC = Anterior horn cells.
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Dorsal

White  orm Interneuron Dorsal Doesa)
a matter oot root
Tt Dorsal (back) Sensory  ganglion
i. neuron H.'E‘I:Eptﬂl'
:1-| P 1\
_ | 4 | — :
, f i ¢ | |
e I‘_ e :
\‘%ﬂ' > Mixed
Ventral .;r{ peripheral
haorn nerve
Muscle
Central Ventral (front) Motor
canal neuron
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N\PHYSIOLOGY

EAMA3BS

The Autonomic Nervous System

=

The autonomic nervous system consists of neurons that run between the central
nervous system (especially the hypothalamus and medulla oblongata) and various
internal organs such as the: heart ,lungs ,viscera , glands

It is responsible for monitoring conditions in the internal environment

and bringing about appropriate changes in them.

The contraction of both smooth muscle and cardiac muscle is controlled by

the autonomic system.

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=-rGZfOoZgzI

PHYSIOLOGY The Autonomic Nervous System

EAMA3BS

-

The preganglionic neurons, arise in the CNS and run to a ganglion , here they
synapse with postganglionic neurons, which run to the effector organ

(cardiac muscle, smooth muscle, or a gland).

Postganglionic
neuroitransmitier

Preganglionic
neurotransmitter

Varicosity

Postganglionic fiber

Preganglionic fiber

O T

Autonomic ganglion

Central Effector organ

nervous
system

The autonomic nervous system has two subdivisions :
- sympathetic nervous system

- parasympathetic nervous system.
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https://www.youtube.com/watch?v=-rGZfOoZgzI
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TER IZL30§Y Motor unit

Neuron :

Building unit of function of the central nervous system, Either sensory or motor.

= Motor neuron is mostly anterior horn cell (AHC) in the spinal cord supply skeletal muscle

( alpha motor neuron).
=  AHC is the motor nerve that controls the skeletal muscle cell contraction.

- Alpha(a) motor neuron is an anterior horn cells (AHCs)
- A nerve is made of a group of axons of motor neurons

Dorsal root Posterior horn (interneurons)
(sensory) \

Dorsal root :E ey
gangson \ >

Somatic sensory neuron

Visceral sensory
neuron _\

Visceral motor

neuron _7 . - E
. \E' >
Somatic motor neuron > l

Spinal nerve Ventral root (motor) Anterior hormn
(motor neurons)

We said that :
* Dorsal horn = posterior horn = sensory neurons.
* Ventral horn = Anterior horn = Motor neurons.

Contact us : Physiology435@gmail.com



PHYSIOLOGY Motor neuron parts and their functions

EAMA3BS

-

— Soma (cell body)

I Cany nerve impulses from surroundings

|
|
3 — Dendritess — I
< l to the soma l
= L e e e = = I
q:) """"""""""""""""" I
I : : : .
. i at which nerve impulses begin & pass in one |
M [~  Axon hillock — direction from soma to the axon ( nerve fiber) |
2 I then to axon terminal l
£ L o o e e .. -
- P e e e mmm e m
° . Nerve cell axons are very thin, about k
|
g I | micrometer in diameter, myelinated
m _I

Axon and axon

terminal R EEEE e
l For many motor neurons the axon is over

—! a meter long, extending from the spinal column to
| amuscle cell.

\L I e 1 - = - - J : 8 > x
Axon hillock \\
Myelin Sheath

MNode of Ranwvier Aocor terminal




PHYS lzl_sogY Neuromuscular Junction (NM))

* Neuromuscular junction (NM)):
It is the place where the axon terminal contacts the muscle cell.

Skeletal muscle

Neuromuscular
junctions

Muscle
fibers

Myofibrils

T
Motor neuron

= Acetylcholine (ACh) is the chemical transmitter released by the axon of the motor nerve.

__________________________________________________________________________________________

__________________________________________________________________________________________
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A motor unit is a single alpha -motor neuron and all of the corresponding muscle fibers it
innervates.

_ ( all skeletal muscle fibers innervated by that motor neuron's axonal terminals).
: Note: each muscle cell is supplied by only one AHC,

AHC through the branches of its axon , supplies several muscle cells .

all of these muscle fibers will be of the same type
(either fast twitch fibers or slow twitch)
— When a motor unit is activated, all of its muscle fibers contract.
A single muscle is supplied with groups of motor neurons.
— So Groups of motor units often work together to coordinate the contractions of a single

Contact us : Physiology435@gmail.com
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\PHY: LR Motor unit

In general, the number of muscle fibers innervated by a motor unit is a function of
a muscle's need for refined precise motion.

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

Muscles needed to perform highly precise refined movements generally consist of :
- large number of motor units

- few muscle fibers in each motor unit (Hand and eye muscles).

The Less precise big movements are carried out by muscles composed of :
- fewer motor units

- many muscle fibers per unit ( Trunk muscles ).

Ratio of muscle fibers to motor neurons affects the precision of movement.”4S =l 43y”

The single muscle consists of millions of motor units, which consist of neurons that innervate a number of muscle fibers by

their axon terminals “Alasll JS Jads Le 2al” ]
Aoliaall GV (e Cpre 20 (5335 Wil 5 | ALlS dliac (5325 motor unit ) Al
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= The number of muscle fibers within each motor unit can vary according
to type of muscle movements :

Fine precise movement Gross movement

* need motor units have small number of * need motor units have large number
muscle fibers. of muscle fibers.

* A single motor unit for eye muscle * A single motor unit for a muscle like the
controlling eye movements may trigger gastrocnemius (calf) muscle may include
fewer than 10 muscle fibers 1000-2000 muscle fibers.

— from 7 tol0 muscle fiber-.
* Thigh muscles can have a thousand fibers

* Muscles needed to perform highly precise in each motor unit.
movements generally consist of a large
number of motor units and few muscle * Muscles needed to perform Less precise
fibers in each motor unit movements are carried out by muscles
(Hand and eye muscles ). composed many fibers of fewer motor

units with per unit  (Trunk muscles).
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P\PHYSIOLOGY Extra

* The number of muscle fibers within each muscle vary according to the type
of muscle movement :

if we have a motor unit that innervates only 3 or 4 muscle fibers that means it
iS very precise motion.

On the other hand, if we have a motor unit that innervates 100-100 O or even

more muscle fibers that means if is a gross movement (48 e 4S ja ),
A8l )y WIS RS Al sas g 8 duliaadl CaldY) aae J8 LIS
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PHYSIOLOGY

EAMA3BS

-

Motor unit

= The force of muscle contraction:

Spinal cord——
The two ways the nervous system increases the muscle

contraction force production is through:

I-Recruitment “ b5 5l 1123” of new motor units.
By gathering more motor units to work together successively,

in order to give it more strength.
( more motor unites = more powerful contraction of muscle = Force )

/ Sensory neurons

2- Increasing stimulation frequency rate coding. Muscle spindle

Rate coding = Controlling the frequency of nerve impulse
in the muscle.

Golgi tendon organ

Keep in mind: preciseness does not mean force.
Preciseness depends on: number of muscle fibers in the motor unit.
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l-éx IOLOGY What determines the force that is
435 produced by a single motor unit?

-

The numbers of muscle fibers in the unit (more muscle fibers means more force).
“a_m‘).b aade”

How frequent those muscle fibers are stimulated by the innervating axon
(The more they're used the stronger the force) “ Rate coding *“ “43 )k 483"

Small motor units = Low stimulus threshold

Larger motor units = Higher stimulus threshold motor unit

Largest motor units = Highest stimulus threshold

: o e it motor unit
The larger the motor unit the more it is stimulated.

low stimulation threshold = weak contraction.

Higher stimulation = innervate more number of muscle fibers = strong contraction.

Contact us : Physiology435@gmail.com



Motor Unit Recruitment (MUR)

** Motor unit recruitment:

Is the progressive activation of a muscle by successive recruitment of more
motor units to accomplish increasing grades of contractile strength force.

All muscles consist of a number of motor units each one has its own
muscle fibers belonging to it.

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

The activation of one motor neuron (motor unit) will result in a weak
muscle contraction.

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

The higher the recruitment of motor units
the stronger the force of muscle contraction

It is a measure of
how many motor
neurons are
activated in a
particular muscle.
That means, it is a
measure of how
many muscle fibers
are activated in
that muscle.

When the recruitment of
motor units is high we
get stronger force for

muscle contraction
because nerve fibers
increase in number.
When does it stop?
When muscle fatigue
happens you're forced to
relax your muscles.

Contact us : Physiology435@gmail.com
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Alpha ~\ N
motor =
neuron -

Muscle fibers 4 2= 3l ) WIS motor units) 2ae 3 ) LlS

Muscle

fibers . = B . . .
81 Lol Jomil S 5 g8 Almal) e Il (bl Lgd Caay Al
> Motor = = =
unit
- Jla
i j = |f we have 5 motor units , each unit innervates 5 muscle fibers
D 5x5 = 25 muscle fibers.
Motor . ..
neuron = |f we have 20 motor units , each unit innervates 5 muscle

fibers 20x5 = 100 muscle fibers = strong contraction.

pool \ _ 4

: - weer o ‘zgm\-}
The higher the recruitment the stronger the force of contraction.

Muscle
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https://www.youtube.com/watch?v=zu1CJ2_76-I

=

BA 'Z'f;ogY Motor Unit Firing Rate

=

¢ Firing Rate :

The rate at which the nerve impulses arrive from motor neurons to muscle fibers.

The rate varies from :

High frequencies firing rate Low frequencies firing rate

" Means its enough to produce " Means its enough to produce a
a fused tetanic contractions series of single twitch muscle
“contraction without relaxation” contractions.

* How does it happen!? * How does it happen!?

When the Anterior Horn Cell fires at very =~ When the Anterior Horn Cell (AHC)
fast rates >motor unit potentials will be at  fires at slow rates =>motor unit

fast rate = the force of muscle contraction  potentials will be at slow rate = the
is strong. force of muscle contraction is weak.
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TEA 'Zléogy Motor Unit Firing Rate

" |n general :
The motor unit firing rate (The firing of nerve impulses) of each individual motor unit
will increases with increasing muscular effort until a maximum rate is reached.

“That means, nerve impulses from each motor unit will keep on coming when there is increased demand by
muscles until it reaches its maximum rate”.

“Motor neurons send nerve impulses to muscle fibers, the time it takes nerve impulses to arrive to
the muscle fibers is the Motor Unit Firing Rate”

Our brain decides if the weight we lifted requires motor units firing rate. Thus, our motor units condition

themselves according to our brains.
EA:\;EJMJ@‘Y\JAAQAPA;“MGSARJM\ ‘)")ﬂ\S&Q@\eﬂw\@@bﬂ\d@a)ﬁ%}d}y e.m;m.\kun_;‘);;ﬂ Ui (g calily o coliza Loy

For example:

-if you lifted a 5 kg box your brain would decide that there is no need for motor units firing rate.

-But when you lift 10 kg, your brain will decide it’s necessary.

If we gave high frequency to muscle fibers they will become hyper active. Thus, they will cause hyper
contraction of muscles to the limit where they become so contracted they cannot relax until you put the
10 kg box down or your muscles fatigue so you're forced to put it down.
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PHYSIOLOGY

TEAM435 Rate Coding

¢ Rate Coding :

Increasing stimulation frequency “Motor neuron firing rate of nerve impulses”

(rate coding) causes that Active motor units can discharge at higher frequencies

to generate greater tensions. ( greater tension = greater contraction = greater force )

First dorsal interossei

— Smaller muscles ,
rely more on rate coding

To increase force

of contraction:

— L | Deltoid rely more on
arger muscles recruitment

"Increasing stimulation frequency = Motor neuron firing rate of nerve impulses=rate coding".

* Small muscles have a small number of motor units so how can we increase the force in these small
muscle ? By increasing the frequency of Action potential.

* Large muscle posses enough number of muscle fibers and motor units so they will not depend on
firing rate, instead they will recruit more and more motor units for stronger contraction.

Contact us : Physiology435@gmail.com



Rate Coding

Force of contraction
Y it

0 11N
1 -2 3 4.5 6 7 8 4 2 10 5 10 60

Number of motor units contracting
perseoond  persecond Der seoond

Increasing frequency of action potentials resulting in stronger force of contraction.
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To test motor unit stimulation

|- Electrodes are placed on the skin.
2- An intramuscular stimulation is applied.
3- After the motor unit is stimulated, its pulse is then recorded by the electrode.
4- The pulses are displayed as motor unit action potential (MUAP).
“an action potential for the muscle”.

" In medical Electrodiagnostic testing for a patient with muscle weakness
careful analysis of the motor unit action potential (MUAP) size, shape, and
recruitment pattern can help in distinguishing a Myopathy from a Neuropathy.

El h i
ectrﬂq_‘:a‘:n;?g I o Video 2
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https://www.youtube.com/watch?v=UWC-vxmG_0A
https://www.youtube.com/watch?v=nuQpQpcXMcg
https://www.youtube.com/watch?v=nuQpQpcXMcg

To test motor unit stimulation

e A YO

N

et b et s 74 40 200wy s

R oot

JSG uV

50 uV
10 ms/div

10 ms/div

During Mild Effort During Moderate Effort During Full Voluntary Effort.
“Note recruitment of additional motor neurons" There is full recruitment
(you can not see the baseline )

M h 80 Jaal alal) mhaus e 39 S8 aia g (3 sk e Blaal) Jua i de o Jlia) 4l 5ol Aay sl 4pedd 3 Jaall (el S Ladie
Myopathy ¢ s 7 038 ¢ 5_pY) (ym o i RSl Bam gl e il el iy Alaal) 45 2leaction potential Jf e s Al

Motor unit potentials (MUPs)
Neuropathy e ey 5 impally LA o 5 y2at) 5y IS 4TUme alil (po 330 o iyl (0 ol
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https://www.youtube.com/watch?v=tQ_NKlh7P9k
https://www.youtube.com/watch?v=oq8CUdfib60

is made up of the a-motor reuron in the
{Anteriar hom cel, AHC) and the skeletal muscie
fibers innervated by that motor neuron's axonal

terminals.

definition

fibers will be of the
witch fibers or slow

all of these mst
same type {either
teh)

t motor neuron

the innervated MUSCLE FIBERS features of

When a motor

MOTOR UNIT POOL

of the motos s within a muscle
\
Asingie motor unit for 3
muscle e the
gastroenemius (call muscle need Large number of Motor .
{for gross movements) may  — TP it with Few musce bers P pricen neoeshs
include 1000-2000 muscle | \
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Asingle motor unt for eye }
musce controling eye " /
ovements foe Banple (2T AT ol G movements:
movements) may tigger [\t Many musce fhers e’

fewer than 10 musde fibers /
SN

The more motor neurons the more

muscle fibers the stronger the The number of muscle fibers in the unit recruitment of new motor units
contraction / \

**Slow rate of Anterior Horn cll
(AHCs) firing lads to wesk contraction .

Fastoteof e Homcels | e nopfiogratecoding

AHCs) iing leads to strong
m‘m“'—/—
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Ex; First Dorsal bierosseous by
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Recnitment OR Rate

\ coding??

types rely more an recruitment

£ Detgd  Lger misces of mixed fiber

the smaller the motor unit the lower the
force required during movement
(threshold) What is the relationship between size
of recruited motor unit & Force

required??

The larger the motor unt the higher the
force required during movement (
threshold)

impulse from motor neuron wil cause
contraction in all musc fbers it imenvates o Motor units follow " allornone” pmu._lj
none J

To test motor unit stimulation,
by sing eécirodes AR

electrodes are placed on the skin and an intramuscular
stimulation is applied, After the motor unit is stimulated, its puise

s then recorded by the electrode and dispiayed as an action ocudiee
potential, known as a motor unit action potential (MUAP) X
electrodiagnostic testing
el s of MURP: s, L
shape and recruitment pattern
SRS MO~
\_ r a patient with weakness, dlinical use

distinguish a myopathy from 3
neuropathy

Central Nervous System

Physiology Of The Motor Unit

' The Motor Unit

originate from the brainstem neuclei

the brain
consists of :-
the spinal cord.
nerves 81l 12
12 pairs of ranial erves [
Sty e xR i t & motor eferent] \_ rene 182

‘Their nuclei e in the forebrain and thalamus

31 pairs of spinal necves

Sympathetic
atonomic nervous system
\_ Parasympathetic

If it is not clear, zoom it :)
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https://www.onlineexambuilder.com/motor-unit/exam-49033
https://www.onlineexambuilder.com/motor-unit/exam-49033
https://www.onlineexambuilder.com/motor-unit/exam-49033

