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Figure 1. The classification and functional differences between the 
nerves of the body. 

 

For some reason, students I teach have a hard 
time with visualizing muscle contraction to be 
motor unit dependent process.  Rather, 
students tend to visualize the sarcomere and 
view contraction from the perspective of 
shortening sarcomeres, where the size (width) 
of the I-bands diminishes.  While this does 
happen during contraction, it is wrong to view 
muscle contraction from the perspective of the 
sarcomere.  I blame a long tradition of muscle 
physiology teaching based on the sarcomere 
for this student learning dysfunction.  Muscles contract by the recruitment of motor units, 
and within a recruited motor unit, all the sarcomeres, of all the myofibrils, of all the 
fascicles, and of all the muscle fibres contract maximally.  The other error students 
make is to express muscle contraction based on “recruited muscle fibers”.  Though one 
could argue that this is not wrong, the fact remains that motor units are recruited, not 
individual muscle fibres, and I imagine that I drive my students crazy by ensuring they 
take care in their word selection when explaining any attribute of human physiology! 

 
Background 

The A motor nerves that 
leave the spinal cord to 
innervate skeletal 
muscles are the fastest 
nerves in the human 
body.  Action potentials 
travel along these nerves 
at a rate up to 120 m/s 
(Figure 1).  As mentioned 
prior, once these action 
potentials leave the spinal 
cord, skeletal muscle 
neural stimulation is an all 
or nothing event for each 

A motor nerve.  As such, 
the generation of an 

action potential in an A 
motor nerve is complete 
for the nerve and all the muscle fibers that it innervates, and collectively these nerve to 
muscle fiber units are termed motor units (Figure 2). 
 
The bulk of the research on skeletal muscle motor units has been done using animal 
models.  This is understandable, as to study motor units, you need to study both the 
nerve and muscle fiber components, and you cannot do this without damaging the 
nerve or muscle fibers.  However, the animal origin of the research makes it far from 
straight forward in how the animal findings apply to human muscle.  For example, many 
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Figure 2. A schematic showing the components of 

a motor unit. 

 
Figure 3. The three component classification system of mammalian motor units. 

mammalian muscle models, such as 
the cat, rabbit, dog, rat or mouse 
have muscle anatomy and 
physiology that differ to humans.  
Unlike many animal muscles, 
human muscle is very heterogenous 
in motor unit expression.  In other 
words, the muscles contain a 
mixture of the different types of 
motor units, with very few muscles, 
especially those involved in human 
locomotion, genetically expressed 
near completely for a specific motor 
unit type for all people.  Differences 
between animals and humans also exist for how motor units are recruited, and whether 
or not the recruitment order of motor units can change with different contraction needs.  
For humans, recruitment order is believed to be unchangeable as will be explained 
below. 

Motor Unit Types 
The consequence of this research problem is conjecture among human muscle 
physiologists as to the types and importance of different motor units in human skeletal 
muscle.  However, when focused on the motor unit, there is broad acceptance of a 
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three-fold classification of mammalian motor units, and this classification scheme is 
presented in Figure 3. 
 
Human motor units can be categorized as either fast or slow twitch, with two sub-
components of the fast twitch classification; a glycolytic high twitch tension and quick 
fatigue fast twitch, and a slower twitch more fatigue tolerant fast twitch.  These motor 
units have been abbreviated using different nomenclature systems, with slow twitch 
motor units abbreviated type I or SO (slow twitch oxidative).  Fast twitch motor units are 
abbreviated type IIb (glycolytic) and type IIa (more oxidative), or FG (fast glycolytic) and 
FOG (fast oxidative glycolytic), respectively.  Other categories of motor units may also 
exist based on research of muscle fiber types, but this information will be presented in 
the Topic “Muscle Fiber Types”. 
 
Once again, when talking about motor units, it is imperative to understand that these 
three categories are based on dendritic input, cell body (soma) size, axon diameter and 
conduction velocity, and distal muscle fiber type characteristics.  The classification is 
based on the sum of all components, and not just one, as will be explained in the topic 
on Muscle Fiber Types.  Another important feature of motor units is that for a given 
motor unit type, all the subcomponents fit the type characteristics.  FG motor units have 
FG somas, nerves, and muscle fibers, and voice versa.  However, there is some degree 
of variability in each of these components.  Not all FG motor units are exactly the same, 
as is true for SO and FOG motor units.  This is especially true for the muscle fibers, 
which once again will be explained in the Topic on Muscle Fiber Types. 
 
Motor Unit Recruitment 
Figure 3 illustrates that due to a smaller cell body size, and greater relative dendritic 
synaptic input, SO motor units are the first to be recruited.  Recruitment order is based 
rather crudely on cell body size, so that the next recruited motor unit type is the FOG, 
followed last by the FG.  This profile is referred to as the size principle of motor unit 
recruitment, and was initially verified in the cat research model.  This means that as 
contracting muscles are exposed to increasing contractile force development (increased 
intensity), SO Motor units are initially recruited, and then as force development 
increases, FOG motor units are added to the recruitment of the SO motor units.   As 
force development or exercise intensity then further increases to what we call high 
intensity exercise, FG motor unit recruitment is added to the SO and FOG recruitment.  
Due to the metabolic differences between the muscle fibers of the different motor unit 
categories, this recruitment order profile has profound influences on muscle and whole 
body energy metabolism as well as the systems physiology responses that support this 
increased metabolic demand of exercise. More on that later! 
 
The “All or None” Concept 
Most students get caught up in confusion when trying to conceptualize the different 
degrees, magnitudes, or force generation range of muscle contraction.  First of all, 
remember that the basic unit of muscle contraction is the motor unit.  Sure, you will 
soon learn about the sarcomere, and study muscle contraction based on a sarcomere 
depiction of contractile proteins.  However, when a motor unit is recruited, all of the 
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muscle fibers of the motor unit contract maximally.  This means that all of the 
sarcomeres, of all the myofibrils, of all the muscle fibers of the motor unit, are 
contracting maximally!  There is no such thing as a partial motor unit contraction.  Once 

again, this means that as soon as the A motor nerve of a motor unit is depolarized in 
the spinal cord, the action potential is maximal, and the resulting motor unit muscle fiber 
contractions are maximal.  This is the origin of the “all or none” principle or phrase.  
You either do or do not have an action potential and a recruited motor unit. 
 
The range of force attainable from muscle contractions therefore results from increasing 
motor unit recruitment, as well as the nature of this recruitment (more or less 
asynchronous).  The best example I can give you of motor unit recruitment and this “all 
or none” response is to think about how your muscles sometimes twitch involuntarily.  
This most commonly occurs after exercise, or when you might be relaxing on the sofa or 
a comfortable lounge chair.  Sometimes small parts of a muscle might start to contract 
due to residual neural excitation within the spinal cord.  These are maximal contractions 
of single or combined low fiber number motor units, causing parts of your muscle to 
contract.  There is no joint movement because there are not enough motor units 
recruited to generate the force needed to move a limb over a range of motion. 
 

Glossary Words 
 
motor unit is an A motor nerve and all the muscle fibers it innervates. 
 
size principle refers to the principle on which the order of motor units are recruited in 
humans, being slow twitch oxidative first, then added are fast-twitch oxidative, then 
added last are fast-twitch glycolytic. 
 
all or none principle refers to the concept of action potentials or motor unit recruitment 
being either on or off, with an action potential and a motor unit operating maximally 
when “on”. 

 
 
 


