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* Recognize the organization of the nervous system.

* Detect the differences between central nervous system (CNS) and the
peripheral nervous system (PNS).

* Discuss the functions and recruitment of the motor unit.

* Interpret the effect of motor units number on motor action
performance.



Organization of Nervous System
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male’s slides

Nervous System

Central Nervous System (CNS)

——

Peripheral Nervous System (PNS)
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Figure 11.2 Schematic of levels of organization in the nervous system.

Central nervous system (CNS)

4

 Brainand spinal cord

u Integrative and control centers

Peripheral nervous system (PNS)
o Cranial nerves and spinal nerves

| g Communication lines betweenthe

4

CNS and the restof the body
Sensory (afferent) division Motor (efferent) division
o Somatic and visceral sensory o Motor nerve fibers
Eeorrgufgt):rifnpulses e o Conducts impulses from the CNS
| |
receptors to the CNS to effectors (muscles and glands)
Somatic nervous Autonomic nervous
system system (ANS)
+ Somatic motor o Visceral motor
(voluntary) (involuntary)
\ » Conducts impulses || = Conducts impulses
from the CNS to from the CNS to
\ skeletal muscles cardiac muscles,
'\ Visceral sensory fiber )8 smooth muscles,
'\ e Stomach

and glands
\ Skeletal
N.u, muscle
\‘\ Motor fiber of somatic nervous system _1

Sympathetic division || Parasympathetic
» Mobilizes body division
systems during activity | | g Conserves energy

u Promotes house-
keeping functions
during rest

o Structure
u Function

- Sensory (afferent)

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 foCNS
initiates responses, controls reflex activities
stores, memories
generates thoughts |_I_|
and emotions

Somatic Nervous System Autonomic Nervous System
Controls voluntary Controls involuntary
movements [esponses
Divisions of the nervous system. |_|_|
http:/ipharmacology-notes-free.blogspot.com/ Sympathetc Divison Parasympatheic Dvision
“Fight or Flight" “Rest or Digest”

division of PNS
~— Motor (efferent)
division of PNS

Copyright © 2010 Pearson Education, Inc.

—_—



DENDRITE

X X

Components Function/ Notes: 9 N _ NUCLEUS
Cell body Contains Nucleus ‘ ¥
. — § CELL BODY
Dendrites Synapses that receive signals \
N
Axon Consist of :Myelination & Nodes of
Ranvier
NODE OF,
RANVIER MYELIN SHEATH
Axon terminals Release neurotransmitters to

conduct signals

Synaptic end bulbs e Part of Axon terminals AXON TERMINALS

e Contains neurotransmitters

Neurotransmitter Example: Acetylcholine (Ach)




Organization of the nervous system

Function: 1. Integrate Information

2. Process

3. Send Signals
Components: 1. Brain

2. Spinal Cord
Protection: 1. Brain is protected by skull

Sensory Neurons

collects information from
the various sensors
located throughout the
body and transmits them
to the brain.

2.
by vertebrae

Spinal cord is protected

3.
meninges

Both enclosed in

Motor Neurons

conducts signals to
activate muscle
contraction.

Note: Skeletal muscle activation is initiated through neural activation while Cardiac and Smooth muscles
doesn’t require the neural activation (initiate the contraction by themselves)




a-motor neuron in the anterior horn cell

A nerve is made of a group of axons of neurons

nerve fibre
of sensory
neurone

nerve fibre
of motor
neurone

effector
{amuscle
or gland)

o @ @»—- receptor cells adescending

cell body of cell body of tract carries
sensory neurone  relay neurone impulses from
in the dorsal the brain
root ganglion
dorsal root of central canal
spinal nerve
spinal

nerve
|
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ventral root of
spinal nerve  cell body of

motor neurone  white grey an ascending
matter  matter tract carries
Ao o Tl impulses to the

spinal cord brain

Spinal cord

] Sensory neurons

Muscle spindle

Golgi tendon organ




. a-motor Muscle Motor
MOtO I U Nni t neuron ‘ fibers ‘ Unit | ‘ HEelE

e Location: in the anterior horn cell (AHC)

- - - The Motor Unit
e All muscle fibers will be of the same type (Fast/Slow twitch)
Each muscles consist of a number of motor units T N
All muscles in a motor unit are stimulated/inhibited together when it’s activated /
Number of muscle fibers in a unit | 1. Gastrocnemius (leg muscle) - 2,000 fibers per o) T e
varies neuron and 600 muscle fibers per motor neuron

2. Extraocular muscles - <10 fibers per neuron

3. Laryngeal muscles - 2 to 3 muscle fiber per
motor unit

4. The average is 80 - 100 per motor unit

Ratio of Muscle fibers to Motor tmuscle fibers + | motor units
Neurons = More strength + Less precise movement

Example: Leg Muscles, Trunk muscles.

| muscle fibers + 1 motor units
= Less strength + More precise movement
Example: Eyes, Hands.

Motor Unit Pool: A group of motor
units supplying a single muscle.
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Neuron recruitment:

* Recruitment of motor units: the progressive activation of a muscle by successive recruitment of
contractile units (motor units) to accomplish increasing degrees of contractile strength (force).

o AHCs fire at fast rates * AHCs fire at slow rates
e — fast MUPs * — slow MUPs

MUPs: motor unit potentials



Two ways the Nervous System increases force:

More Motor neurons Rate Coding: Motor Firing Rate

More Muscle stimulation Higher Frequency — More Tension

More contractile strength AHC is released faster by the same number or nerves
AHC increased — Fast Motor Unit Potential (MUPs) — Higher Muscles stimulation

More Strength

Usually found in Large Muscles Usually Found in Small muscles

Example: Deltoid Example: 15t Dorsal Interosseous

Force is increased by 2 to 4 times
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Motor Unit Recruitment | 4sS_all cilaa o) Ciuds o

Muscle with small motor units Muscle with large motor units

[ oo

Relative strength of
whole-muscle contraction
Relative strength of
whole-muscle contraction

1 2 3 4 5 1 2 3 R 5|

Number of motor units recruited Number of motor units recruited|
(a) . Mbasms (b) Fio
Increasing frequency of action potentials Motor Unit Recruitment

—> resulting in stronger force of contraction —> increases the strength of muscle contraction



Important rule:
MUs receive common neural input and are recruited

according to their sizes !!! (Henneman's Size Principle)

(frequency of action potentials)

/ Progressive increase in neural input

1% recruited

2" recruited
Motorneuron

Slow

(Stype Fas

Fatigue

Resistant
(FR type)

Muscle fibres

 recruited

Fast
Fatigable

(FF type)

THREE major f o motor neurons:

Stype  are smal ‘high” excitabilty ~ —=
FRtype are Dig ‘average” excitabilty
FFtype are verybig  ‘low’ excitabilty

T

% Recruitmen: of Motar Units

} / Fast-Fatiue: Hesetant

/
. |

Porcentage of Masimal Fores

Muscle size Small Medium Large
Fatigue rate Small Intermediate Fast
Diameter :
. Small Intermediate Large
size
Fatigue Fast Fatigue
Slow (3) Resistance (FF) a motor
(EF) a motor neuron
neurons




Varying the number of motor units activated.

Small motor units

Low stimulus
threshold

Larger motor units Largest motor units
Higher stimulus Highest stimulus
threshold threshold

The Size Principle

Amount of Force Required During Movement
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« Motor Neuron impulse will either contract all muscle fibers or none of them.

* Myopathy and Neuropathy can be distinguished by:

Electrodiagnostic testing (EMG): for a patient with weakness

Analysis of:

Doctors note;

o . Recruitment If | have a problem but | don’t know if
motor unit action Size Shape pattern itr:(s; Lijr;dtlh:om?uscle or neuron what
An electromyography to see the AP
then compare it to the muscle ( doing
analysis )



1)  Stimulation of additional motor units

Quiz
will increase the strength of

2) Small muscles need to make precise
movements. Where could it be?

S AQ contraction. This process is called:

Q1- What are the components A. | treppe. A. | Hands
of the motor unit?
Q2- describe the All or Not B. | recruitment. g | The Trunk
principle.
C. | tetanus. C. The leg
D. D Gastrocnemius

3) Which term applies to the combination of a
motor neuron and all the skeletal muscle
fibers contacted by that motor neuron?

4) In comparison to a FF motor unit, a S motor
unit does not possess

A. Golgi tendon organ A. | A greater innervation ratio.
B. | Motor unit B More mitochondria within fibres.
C. | Propriospinal neurons C More myoglobin within fibres.
D. | Skeletal muscle fibers D More capillaries around each fibre.
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