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Figure 1. Regions of the brain showing the central 

gyrus, motor cortex and somatosensory cortex. 

I like to teach muscle contraction from a functional 
anatomy perspective.  By this I mean that I like to 
sequence academic content based on how the 
physiology actually occurs within the human body.  
Complex movement, that by definition involve 
muscle contractions, start with the development of 
motor patterns within the motor cortex.  Teaching 
the physiology of muscle contraction therefore 
necessitates prior coverage of the neural physiology 
leading to the development of motor patterns, 
causing the recruitment of motor units, causing 
muscle contraction. 

 
CNS Control of Movement 
Figure 1 presents the regions of the 
brain, with emphasis in this section 
on the cortical region anterior to the 
central gyrus, called the motor 
cortex.  The three dimensional 
features of the motor cortex are 
important to imagine, as the muscles 
involved in movement that inherently 
have the greatest fine tuned control 
occupy the greatest volume of the 
motor cortex.  So what muscles 
would therefore have the greatest 
cortical volume attributed to their 
control?  We have intricate control of 
our fingers, which are controlled by the muscles of the forearms.  We need highly 
controlled contractions of the muscles of the face and tongue to communicate through 
both expression and speech.  We can also use our toes to do fine tuned actions.  Yes, 
these anatomical regions are all well-presented in the motor cortex. 
 
Now, remember that all people are different, and it is theorized that individuals who 
excel in certain motor tasks, such as different sports or athletic events, have larger than 
typical cortical complexity for the muscles involved in the tasks.  While there can be 
improvement with practice, most people also know from personal experience or 
observation of others that champions are more often born (genetics) than made.  There 
is tremendous genetic input to CNS features of those who do and those who do not 
excel in specific motor tasks. 
 
The neural pathways that leave the motor cortex descend to and along the spinal cord 
in discrete nerve highways, or tracts.  The main tract directing the action potentials from 
the motor cortex to the spinal cord is the pyramidal tract or cortispinal tract (Figure 
2).  However, think of the action potentials that are originally developed to travel along 
this tract as far form perfect.  These patterns need modifying within the brain, and to 
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Figure 2. The main descending nerve tracts 

involved with voluntary movement. 

 

Figure 3. Spinal nerve tracts as 
shown within one vertebral level.  
Note that tracts are only shown 
for a given type for one side of 
the body. 

some extent also within the spinal cord.  
Within the brain, modification occurs in 
supplemental motor areas such as the 
basal ganglia and even the 
cerebellum.  Such modulating nerve 
input to motor patterns travel down a 
separate nerve tract system called the 
extra-pyramidal tract (Figure 3) and 
exert their modulation at the level of the 
spinal cord specific to the muscles used 
and controlled by the pyramidal tract 
nerves. 
 
It is relatively easy to comprehend the 
movement patterns that require cortical 
processing vs. those that do not.  Think 
about a motor skill that you regularly 
perform.  Do you have to think about 
this movement to do it, or does it come 
without cognition?  Imagine trying to hit 
a tennis forehand.  Now, how do you 
think this task would change if you 
changed from your dominant hand to 
non-dominant?  Would you have to 
think more about the stroke?  Probably!  
This added thinking represents added 
cortical processing of the 
movement pattern.  The more 
you have to think about the 
movement, the more 
involvement there is from the 
motor cortex. 
 
Now, what about some more 
simple movements?  Do you 
have to think to walk? Do you 
have to think about each 
phonic sound as you talk?  Do 
you have to think about how 
you throw a baseball?  I would 
assume that you do not.  The 
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Figure 4. The vertical 
segmental distribution of 
the vertebrae of the spinal 

column. 

more simple the movement, the less the involvement of the motor cortex.  Yes, the 
processing features of some movement patterns can be trained to require less cortical 
input, leaving cognition to other aspects of the movement such as tactics, day 
dreaming, or issues at work or with the family!  This is one of the motor pathway 
benefits of training.  With training, some motor patterns, even those that are somewhat 
complex, can be refined and stored, similar to a computer program, in extra-cortical 
neural centers.  This then leaves the CNS to only be required to modify the basic 
pattern, by either increasing or decreasing movement speed, or direction of movement 
of specific limbs within the motor pattern, etc. 
 
Here is a good exercise for you to challenge your motor cortex. 
 

1. Rotate both your arms at the shoulder joint in large circles in a forward direction. 
2. Suddenly change the direction of one arm.  Try not to think about it.  Just do it. 

 
Could you do this perfectly the first time?  Did you have motor programming errors 
forcing you to stop the activity and re-think about what to do?  If so, you just witnessed 
how your motor cortex needed more time and perhaps even some practice to establish 
the correct motor pattern.  Try to think of some other examples and perform them. 
 
Segmental Distribution of the Motor Nerves 
The motor nerves that extend from the brain to the spinal cord first cross, or decussate, 
within the lower brain.  Thus, the right side of the body is controlled by the left 
hemisphere of the brain, and vice-versa (Figure 2). 
 
The motor nerves are well organized within the spinal 
cord, where they connect to motor nerves that extend into 

the peripheral nervous system as A motor nerves.  The 
motor nerves leave the spinal cord at discrete vertebral 
levels depending on the muscles they innervate, and this 
dependence is organized by vertical alignment or position 
in space (Figure 4).  For example, the muscles of head, 
face, neck, shoulders and most of the arms leave at 
different levels of the cervical spine.  The thoracic levels of 
the spine have motor nerves that innervate muscles of the 
chest, back and anterior trunk.  The lumbar spine directs 
motor nerves to the lower back, lower abdomen, gluteal 
region and the legs.  This is referred to as the segmental 
distribution of motor nerves.  Similar nerve organization 
exists for the efferent and afferent nerves of the autonomic 
nervous system. 
 
Individuals with spinal cord injury reveal such an 
organized distribution of motor and sensory nerves.  Quadriplegic individuals have 
experienced a spinal cord injury within the cervical region of the spine.  Depending on 
the level and completeness of the injury, such individuals have either impaired or no use 
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of their arms and hands, and may even required assistance to breath and talk.  
Paraplegic individuals have a spinal injury anywhere from the thoracic to mid-lumbar 
levels of the spinal cord.  The lower the spinal level of the injury, the greater the control 
of the trunk that remains after the injury. 
 

Glossary Words 
 
motor units consist of an A motor nerve and all of the muscle fibers that it innervates. 
 
brain is the portion of the central nervous system, located within the skull, that is 
responsible for thought, neural coordination, receiving and interpreting sensory 
information from the periphery, as well as other higher order neural processing tasks 
(e.g. vision, sound, hunger, thirst, emotion, interpreting thermal sensation, etc). 
 
central gyrus is the main fold in the cerebellum that effectively divides anterior from 
posterior brain regions. 
 
motor cortex is the region of the cerebral cortex, anterior to the central gyrus, that is 
responsible for developing motor patterns required for muscle contractions and 
movement. 
 
spinal cord is the portion of the central nervous system that extends inferiorly from the 
lower brain through the vertebrae of the back. 
 
pyramidal tract is the nerve tract that bundles nerves that connect the motor cortex 
and other higher order centers of the brain involved in refining motor patterns, to 
specific vertebral levels of the spinal cord. 
 
cortispinal tract is synonomous with the pyramidal tract. 
 
supplemental motor areas are the areas within the brain that support and/or refine 
motor patterns coming from the motor cortex. 
 
basal ganglia is one of the supplemental motor areas of the brain. 
 
cerebellum is the region of the brain located inferior and posterior in the skull.  The 
cerebellum supports the motor cortex by refining and correcting motor patterns. 
 
extra-pyramidal tract is the nerve tract for the supplemental motor areas of the brain. 
 
decussation refers to the crossing of nerves in the lower brain so that left brain motor 
nerves control right body parts, and vice-versa. 
 

A motor nerves are the type of nerve that innervates the motor unit. 
 

 


