
 
Motor Unit

Musculoskeletal Block – physiology team 438

•Red : important
•Black : in male / female slides
•Pink : in female slides only
•Blue : in male slides only 
•Green : notes
•Gray : extra 

Editing file 

https://www.google.com/url?q=https://docs.google.com/document/d/1-x85pjpkxfXmL7-AzMKF35pJ3uOeDYmUTwmH-gOTSx4&sa=D&ust=1541860778501000&usg=AFQjCNFL_olwei6OoITLg3cvl54Z3p3RFg


• 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.

Objective



Organization of Nervous System
only in the male’s slides 
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Neurons (building unit of the NS)

Components Function/ Notes:

Cell body Contains Nucleus

Dendrites Synapses that receive signals

Axon Consist of :Myelination & Nodes of 
Ranvier

Axon terminals Release neurotransmitters to 
conduct signals

Synaptic end bulbs ● Part of Axon terminals
● Contains neurotransmitters

Neurotransmitter Example: Acetylcholine (Ach)



Organization of the nervous system
Central Nervous System (CNS)

Function: 1. Integrate Information

2. Process 

3. Send Signals

Components: 1. Brain 

2. Spinal Cord

Protection: 1. Brain is protected by skull

2. Spinal cord is protected 
by vertebrae

3. Both enclosed in 
meninges

Peripheral Nervous System (PNS)

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

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)  



α-motor neuron in the anterior horn cell
A  nerve is made of a group of axons of neurons



Motor Unit α-motor 
neuron

Muscle 
fibers

Motor 
Unit Muscle

Notes:

• Location:  in the anterior horn cell (AHC) 

• All muscle fibers will be of the same type (Fast/Slow twitch)

Each muscles consist of a number of motor units

All muscles in a motor unit are stimulated/inhibited together when it’s activated 

Number of muscle fibers in a unit 
varies

1. Gastrocnemius (leg muscle) – 2,000 fibers per 
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 
Neurons

↑muscle fibers + ↓ motor units
= More strength + Less precise movement 
Example: Leg Muscles, Trunk muscles. 

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

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

 



More precise movements Less precise movements

 اذا احتاجت العضلة حركة دقیقة یكون
motor units حولھا كثیر من 

وكل موتر یونت ترتبط بعدد قلیل من
 muscle fibers  بحیث تقدر

 الموتر یونت تتحكم بدقھ بھذا العدد القلیل
من الألیاف العصبیة

(437)

مثال :- عضلات العین والاصابع
  

الألیاف العضلیة اللي تغذیھا الموتر
 یونت لابد تكون من نفس  النوع 

Fast Twitch muscles – 
Have high force

 & low endurance
Slow twitch muscles – 

have low force &
 high endurance

 ولكن  العضلة الواحدة تتكون
من أكثر من نوع من الألیاف العضلیة



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).

Weak muscle contraction                       
(less force)

• AHCs fire at slow rates
• → slow MUPs 

Strong muscle contraction                   
(more force)

• AHCs fire at fast rates
• → fast MUPs 

MUPs: motor unit potentials 



1-Recruitment of new motor units 2-Increasing stimulation frequency
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) → 
More Strength

Higher Muscles stimulation

Usually found in Large Muscles Usually Found in Small muscles

Example: Deltoid Example: 1st Dorsal Interosseous

Force is increased by 2 to 4 times

Two ways the Nervous System increases force:

إذا الجھاز العصبي احتاج یزید القوه لازم اول شي یسوي recruitment of new motor units اذا سواھا وللحین یحتاج قوة أعلى وقتھا یسوي Rate coding ما ینفع العكس لازم بالترتیب 

تشبیھ : مثل شركھ عندھا ١٠ موظفین بالعاده كل یوم یشتغل موظفین موظفین لان الشغل قلیل ، واذا فیھ شغل كثیر المدیر یكلم الموظفین الآخرین یحضرون الین ما یصیرون ١٠ یداومون بالیوم الواحد Recruitment of new motor unit طیب 
للحین نحتاج جھد اكثر ایش نسوي ؟ Rate coding الموظفین بالعاده یسوون ملف بالساعة ! المدیر یطلب منھم یسوون ملفین بالساعة 



Motor Unit Recruitment | توظیف الوحدات الحركیة 

Increasing frequency of action potentials
 —> resulting in stronger force of contraction 

Motor Unit Recruitment 
 —> increases the strength of muscle contraction 



  
Muscle size Small Medium Large

Fatigue rate Small Intermediate Fast

Diameter 
size Small Intermediate Large 

Slow (S) Fatigue 
Resistance 

(EF) a motor 
neurons 

Fast Fatigue 
(FF) a motor 

neuron 

3 types of a 
motor neuron 

اوقف

امشي 

اجري



Recruitment
• Varying the number of motor units activated.

N
um

ber &
 Size of M

otor U
nits Recruited

Largest motor units

Highest stimulus 
threshold

Small motor units

Low stimulus 
threshold

Larger motor units

Higher stimulus 
threshold

Amount of Force Required During Movement↓ ↑
The Size Principle



motor unit action 
potential (MUAP)

All or None Role
• 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:

Size Shape Recruitment 
pattern

Doctors note;

If I have a problem but I don’t know if 
it’s in the muscle or neuron what 
should I do ?
An electromyography to see the AP 
then compare it to the muscle ( doing 
analysis )



An
sw

er
s 

ke
y:

 1
)B

 2
)B

 3
)A

 4
)A

1) Stimulation of additional motor units 
will increase the strength of 
contraction. This process is called:

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

A.  treppe. A.  Hands 

 B.  recruitment.   
B. The Trunk 

 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.

SAQ
Q1- What are the components 
of the motor unit? 
Q2-  describe the All or Not 
principle. 

Answers 
SAQ1- a-motor neuron in the 
anterior horn cell (AHC) and
all the muscle fibers it 
innervates .
SAQ2- impulse from the motor 
neuron will cause contraction 
in all fibers it innervates or non 
.

Quiz 
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