
Skeletal Muscle Contraction Primer

Skeletal muscle is voluntary.  This means a conscious command must be generated 
before the skeletal muscle contracts.  This conscious command originates in your 
prefrontal cortex. (see image).  The conscious command will travel to the precentral 
gyrus.  This is the primary motor cortex and from here sends a signal over two neurons to
cause a muscle contraction. These two neurons are called the upper and lower motor 
neurons.  You can think of these two neurons as if they are extension cords.  It takes two 
extension cords to connect the primary motor cortex to your skeletal muscles.

Between the prefrontal cortex and the primary motor cortex there is a motor association 
area (see image).  In this area, we store motor functions.  These are functions which we 
have learned and often use.  These motor commands would include things like tying your
shoes or typing a password into your computer.  These are learned contractions and 
executed as automatic skeletal muscle contractions.  Once initiated, they required no 
effort or thought to complete. But it was through repetition that you learned the sequence 
of intricate muscle contractions involving many different muscles to complete the task. 
So now, all we have to do is just activate the “motor program” in the motor association 
area to relay the appropriate sequence of muscle commands to the primary motor gyrus 
that then activates the appropriate muscle contractions to complete the task.

The upper motor neurons are either corticospinal or corticobulbar (See image).  The 
lower motor neurons are nick-named the common pathway to the skeletal muscles.  The 
LMN are either cranial nerves or spinal nerves.  Cranial nerves originate in the brainstem 
and exit the cranium to innervate skeletal muscles in the head and neck.  Spinal nerves 
originate in the spinal cord's anterior horn and exit the anterior horn to innervate skeletal 
muscles located below the neck. 

Significant Steps in Skeletal Muscle Contraction  

Conscious thought generated in prefrontal cortex to contract skeletal muscle relayed to 
precentral motor gyrus

Precentral motor gyrus upper motor neuron sends descending action potential to lower 
motor neurons in either brain stem or anterior horn of spinal cord

Lower motor neuron sends action potential to skeletal muscle

LMN's  action potential reaches the end of axon

As action potential approaches terminal knob, AP opens voltage regulated calcium gates 
which allows calcium to flow into the terminal knob

Calcium in terminal knob initiates exocytosis of neurotransmitter (acetylcholine) into the 
synaptic cleft.



Acetylcholine diffuses to the post synaptic membrane where it fits into an acetylcholine 
receptor on the post synatic membrane.  This receptor is called a ligand regulated sodium 
channel. This allows sodium to enter the post synaptic cell which depolarizes the cell and 
causes a local potential.

As the local potential spreads away from the synaptic cleft, the local potential activates 
voltage regulated gates outside the synaptic cleft.  This then generates an action potential 
on the surface of the skeletal muscle membrane.

The newly formed action potential spreads across the skeletal muscle's membrane.  The 
AP then reaches tubes which penetrate into the cytoplasm of the skeletal muscle fiber.  
These tubes (i.e. T tubules) lead to cytoplasmic structures called sarcoplasmic reticulum 
which are full of calcium ions.

The T tubule action potential open voltage regulated gates on the surface of the 
sarcoplasmic reticulum which allow calcium to flow from the interior of the sarcoplasmic
reticulum into the cytoplasm of the skeletal muscle fiber.

Cytoplasmic calcium attaches to tropinin which is a regulator protein on the actin protein 
fiber.  Tropinin is complexed with tropomyosin.  Calcium-tropinin will cause 
tropomyosin to move which then exposes myosin binding sites which are used to bind 
“myosin heads” to the actin fiber.

Myosin “heads” are now able to bind to the myosin binding sites on the actin fiber.  
When this happens stored energy in the myosin heads is released.  This energy is used by 
the myosin to pull on the actin fiber.  This is the contraction force of the muscle.

To stop a muscle contraction, the calcium needs to be “pumped” back into the 
sarcoplasmic reticulum.  In order for this to happen, the neurotransmitter in the synaptic 
cleft must be degraded and removed from the synaptic cleft in order to stop the formation
of the action potential which regulates the muscle contraction.

This is only an outline that covers the main steps at the neuromusclular junction.  These 
are the events which occur inside the muscle fiber.  We will elaborate on these 
mechanisms in our lecture.  Please refer to attached images as well as images in the 
textbook.  
  


