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Figure 1. The human nervous system, showing 
central (red; brain and spinal cord) and 
peripheral (blue; efferent and afferent nerves) 

components. 

The physiology of exercise is ultimately dependent on the increased demand of cellular 
ATP to fuel muscle contraction.  Based on this fact, muscle contraction represents the 
foundation upon which an understanding of exercise physiology can occur.  Muscle 
contraction generates ATP demand, which stimulates metabolism, 
which in turn stimulates endocrine, cardiovascular and pulmonary 
physiological responses that all function to support a combination of 
cellular ATP regeneration and waste (CO2, heat, protons, 
metabolites) removal from the body.  Because of this order effect of 
human exercise physiology, I want to start your learning with 
neuromuscular physiology. Once you know about the function of the 
central nervous system and peripheral nervous system in muscle 
contraction and human movement (the cause of ATP demand), you 
will be in a better position to learn muscle energy metabolism and 
the subsequent responses of the physiology of exercise. 

 
The Nervous System  
The human nervous system is complex, 
and we do not understand all aspects of 
function.  This is especially true for the 
central nervous system (CNS), which 
comprises the brain and spinal cord 
(Figures 1 and 2).  The brain consists of 
numerous regions that have specific 
functions, with the locations and 
functions most important to exercise 
physiology being the pre- and post-
central gyrus regions of the cerebrum 
which are involved in the development of 
efferent motor pathways and receiving 
of afferent sensory information, 
respectively (Figure 3).  The spinal cord 
is protected by the vertebral column 
(Figure 4), and consists of the cervical (7 
vertebrae), thoracic (12 vertebrae), 
lumbar (5 vertebrae), sacral (5 fused 
vertebrae) and coccyx (3 to 5 small fused 
vertebrae) sections. 
 
The peripheral nervous system 
consists of the nerves that leave the 
CNS to the periphery (efferent nerves), 
receptors, and nerves that direct sensory 
information back to the CNS (afferent 
nerves).  Receptors are specialized 
structures that convert stimuli into nerve 
action potentials that travel along the 
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Figure 2. Categories of the nervous 
system based on anatomical features. 

 
Figure 3. The main regions of the brain cortex, with 
special reference to the pre-central gyrus (motor cortex) 

and post-central gyrus (somatosensory cortex).  
Figure 4. The three main levels 
of the spinal cord and vertebral 
column, grouped by cervical, 
thoracic, and lumbar.  Nerves 
also enter and leave at the 
sacral or pelvic level. 

 
Figure 5. A functional classification 

of the nervous system. 

afferent nerves.  Examples of receptors within 
the neuromuscular system are the muscle 
spindle (muscle length and stretch), golgi 
tendon organ (tension), pacinian corpuscle 
(pressure), joint receptors (joint movement), 
skin thermal receptors (temperature), pain 
receptors, etc. 
  

Somatic vs. Autonomic Nervous Systems 
The central and peripheral nervous systems provide 
an anatomical classification.  Another means to 

classify the nervous system is to base differences 
on function.  The two component functional 
classification of the nervous system comprises 
voluntary and involuntary systems, or as they are 
also called, somatic and autonomic nervous 
systems, respectively (Figure 5). 
 
The somatic nervous system (SNS) includes all 
the efferent nerves that leave the CNS and 
innervate skeletal muscle.  Thus, the somatic 
nervous system is concerned with voluntary 
movement or postural stability resulting from 
skeletal muscle contraction.  Obviously, for 
exercise physiology, this is an important 
component of the nervous system to understand. 
 
The autonomic nervous system (ANS) controls 
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Figure 6. The sympathetic and parasympathetic divisions of the autonomic nervous system. 

body processes that function without voluntary control or cognition, or can have both 
voluntary and involuntary control.  Such processes are regulated by smooth muscle, 
cardiac muscle, and glands, and consist of breathing, heart contraction, stomach and 
intestinal movement, hormone secretion, sweating, blinking of the eyes, sexual arousal, 
etc.  The ANS is divided into two sections; sympathetic nervous system and 
parasympathetic nervous system (Figure 6).  There is no simple rule that is 100% 
correct as to how each of these subdivisions alter human physiology, but as a general 
rule, the parasympathetic functions of the ANS tend to coincide with basal functions (at 
rest), whereas sympathetic functions tend to alter basal function to support the 
physiological demands of stress (physical and emotional) (Table 1). 
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Figure 7. Neurotransmitter release at a synapse.  
Note the triangular shape represents the enzyme 
acetylcholinesterase.  The acetylcholine receptor is 
associated with a ligand-gated sodium channel. 

Table 1. The physiological responses of sympathetic vs. parasympathetic innervation to specific 
tissues within the body. 

System or Tissue Sympathetic Response 
(adrenergic, with exceptions) 

Parasympathetic Response 
(muscarinic) 

Cardiovascular   

Heart rate (SA Node) 1, 2: increases M2: decreases 

Contractility (cardiac muscle) 1, 2: increases M2: decreases (atria only) 

AV Node conduction 1: increases M2: decreases 

Vascular smooth muscle M3:contracts; : contracts, 

2: relaxes 

 

Renal artery constricts  
Hepatic artery dilates  
Respiratory   
Bronchiole smooth muscle 2: relaxes (major response); 

2: contracts 

M3: contracts 

Metabolism   
Adipose tissue 3: stimulates lipolysis  

Liver 1, 2: glycogenolysis and 
gluconeogenesis 

 

Skeletal muscle 2: glycogenolysis  

Endocrine   
Pancreas 2: decreases insulin 

secretion and increases 
glucagon secretion 

M: Increases stimulation to both  

and  cells 

Adrenal Medulla N: secretes epinephrine  
Urinary   
Bladder wall smooth muscle 2: relaxes M: contracts 

Ureter 1: contracts M: relaxes 

Sphincter 1: contracts; 2: relaxes M: relaxes 

Sweat gland M: stimulates (major response); 

1: stimulates 

 

 
Neurotransmitters 
A neurotransmitter is a chemical 
released by a nerve at a junction 
(synapse) between two nerves or a 
nerve and a target tissue (e.g. gland, 
muscle, etc.).  The neurotransmitter 
functions to propagate the action 
potential from the pre-synaptic to post-
synaptic membrane (Figure 7).  There 
are several neurotransmitters in the 
nervous system, and they differ 
between the central and peripheral 
components, as well as between the 
somatic and autonomic components of 
the peripheral nervous system, as 
illustrated in Figure 8.  Several 
neurotransmitters are released within 
the brain, with examples being 
seratonin, dopamine, acetylcholine and 
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    Figure 8. A diagram of a typical nerve and all of its components. 

norepinephrine.  In the peripheral nervous system there are only nerves that release 
acetylcholine (cholinergic) and norepinephrine (adrenergic).  Note that in Figure 9, the 
ANA differs from the SNS in that there are two nerves that send action potentials to the 
periphery; a pre-ganglionic and post-ganglionic nerve.  A ganglion is a collection of 
nerve cell bodies outside of the CNS.  This means that the ANS nerves have to release 
a neurotransmitter twice, and are referred to as pre-ganglionic and post-ganglionic 
synapses, respectively. 

Nerves 
The Nervous System is comprised of many different types of nerves (Figure 9), which 
are specialized neural structures that connect different components of the central and 
peripheral nervous systems through the transmission of action potentials.  Nerves differ 
in general appearance pertaining to the size of the cell body (soma), the location of the 
soma relative to other components of the nerve, the diameter and length of the axon, 
the presence or absence of myelin on the nerve axon, the type of neurotransmitter 
released at synapses, and their conduction of action potentials.  Figure 10 details some 
of the distinguishing features that differ between nerves, and provides classifications of 
nerves based on these characteristics. 
 
The largest and fastest action potential conducting nerve is the motor nerve, which is 

classified as an A motor nerve.  The smallest nerves and slowest in action potential 
conduction velocities are the type C afferent nerves involved in pain and temperature 
receptor functions. 
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Figure 9. Illustration showing the different nerve classifications and types based on size and 
axon myelin vs. no myelin. 

 

 
 
Figure 10. Illustration showing the different nerve classifications and types based on size and 

axon myelin vs. no myelin. 
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Glossary Words 
 
central nervous system (CNS) is the division of the nervous system comprising the 
brain and spinal cord. 
 
brain is the combined neural mass of all central and higher level processing of the 
central nervous system enclosed within the skull. 
 
spinal cord is an extension of the brain consisting of an organized array of nerves that 
direct nerve action potentials to and from the brain, and also can support reflex activity 
to and from peripheral organs without involvement of the brain. 
 
cerebrum is the anterior surfaces of the brain, usually recognized to be 12 layers deep 
into the brain. 
 
motor pathways are the nerves of the central and peripheral nervous systems that 
direct action potentials to cause muscle contractions. 
 
vertebral column is the combined vertebrae that collectively interact to protect the 
spinal cord while still allowing movement in the frontal, transverse and sagittal planes. 
 
peripheral nervous system (PNS) is the division of the nervous system comprising 
efferent nerves, receptors and afferent nerves. 
 
efferent nerves leave the spinal cord and direct action potentials to the peripheral 
tissues. 
 
afferent nerves leave peripheral receptors and direct action potentials to the spinal 
cord. 
 
receptors are specialized structures within the peripheral nervous system that convert 
stimuli (mechanical or chemical) into nerve action potentials. 
 
somatic nervous system consist of the components of the nervous system that are 
under voluntary control. 
 
autonomic nervous system consist of the components of the nervous system that are 
under involuntary control, thereby functioning automatically. 
 
sympathetic nervous system is the division of the autonomic nervous system that 
responds to stress. 
 
parasympathetic nervous system is the division of the autonomic nervous system 
that predominates during times of no stress. 
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neurotransmitter is a chemical released by a nerve at a junction (synapse) between 
two nerves, or a nerve and a cell(s) of a target tissue, to propagate the action potential 
from the pre-synaptic to post-synaptic membrane. 
 
synapse is the junction between two nerves, or between a nerve and a cell(s) of a 
target tissue. 
 
ganglion is a nerve cell body that resides outside of the CNS. 
 
nerves  are specialized neural structures that connect different components of the 
central and peripheral nervous systems through the transmission of action potentials. 
 
motor nerve is a type of myelinated nerve, which is the largest of all nerves, that 
propagates action potentials to skeletal muscle fibers. 

 


