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Figure 1. Schematic of the role of muscle ATP demand in stimulating the biochemical and 

systemic systems physiology responses to exercise stress. 

I have been teaching human bioenergetics to my undergraduate students who major in 
exercise science for more than 12 years.  During the time I wrote my earlier textbooks of 
exercise physiology, many of my colleagues in exercise physiology do not include this 
material in any of their lectures, and all undergraduate level exercise physiology 
textbooks do not include this or related content.  However, since I have incorporated 
this topic in most of my earlier textbooks, I now see a trend for other authors to include 
this material; or at least a very watered down version.  It 
has been encouraging to witness my involvement in 
changes to the content of exercise physiology.  The most 
important issue to raise again now though is that you 
have to attack this material with the awareness that 
knowing the details of bioenergetics will help you study 
metabolism in future sections and topics of this text.  
Invest time now, and you will have an easier time with 
mastering the study of energy metabolism. Read on and 
think! 

 
I teach this topic because it is fundamental to understanding muscle metabolism.  In 
turn, understanding muscle metabolism is fundamental to learning the systemic 
responses to exercise (Figure 1).  It is the energetic demands of muscle contraction that 
stresses cellular energy balance, which in turn stimulates increased metabolism.  The 
increased metabolism sets in process all the biochemical regulation necessary to 
maintain muscle ATP, which in turn stimulates the systems support of cellular ATP 
demand.  By systems support I mean the cardiorespiratory physiology that supports 
oxygen delivery to and waste removal from contracting muscle; the neuromuscular 
physiology that causes muscle contraction and complex motor patterns, the nutritional 
demands of exercise, the endocrine physiology that helps regulate the systemic 
responses, etc. 
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Figure 2. The metabolic and systems physiology components and determinants of 

exercise performance. 

A thorough understanding of muscle metabolism is also essential to apply knowledge of 
muscle metabolic systems to understanding the metabolic contributions to any 
exercise condition.  Accurately understanding these contributions allows for correctly 
prioritized training demands for given metabolic systems.  This in turn means superior 
specificity of training, which in theory should result in improved exercise performance.  
Any sports coach needs a good grounding in quality exercise physiology content.  I 
have summarized the metabolic and systems physiology components and determinants 
of exercise performance in Figure 2.  Of course, this entire electronic text explains this 
diagram, and the priority or importance of each component will differ depending on the 
type of exercise performance. 

Of crucial importance to bioenergetics is the wide range of conditions of metabolic 
demand tolerated by muscle.  Look at the exercise condition presented in Video 1.  
Focus in on the muscles working during this exercise.  At rest there is very little energy 
demand by muscle.  As soon as we start to exercise, this metabolic scenario can 
change near instantaneously during the first muscle contraction, where for intense 
resistance exercise there can be a 500 fold increase in energy demand.  How can this 
biochemical energy demand be met by muscles so rapidly?  How does muscle acquire 
the energy to support muscle contraction?  How and why is ATP involved in this 
process?  Why is all the focus on ATP?  Where does all the heat come from during 
muscle contraction and why?  Why does muscle fatigue so rapidly during repeated 
intense contractions? 
 
All these questions can be answered by the study of bioenergetics.  Sure, many people 
can give simple answers to these and other questions pertaining to human physiology.  
Enzymes allow muscles to rapidly complete chemical reactions and release energy.  
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Muscles get their energy from the food we eat.  ATP contains a lot of chemical energy.  
All the reactions that occur to support muscle contraction release heat.  ATP is the 
energy currency of the cell.  The inability to produce ATP at high rates causes fatigue.  
While none of these answers is overtly wrong, none are the most valid mechanistic 
answer.  Bioenergetics-based answers to the prior questions are the most valid 
answers, and to know them kick starts your study of metabolism and exercise 
physiology.  You will learn the correct answers as you progress through Topics in this 
section and also within other sections pertaining to metabolism later in this electronic 
text. 
 

Glossary Words 
 
muscle metabolism refers to the chemical reactions inside muscle. 
 
metabolism is the sum of all the reactions of the human body. 
 
biochemical regulation refers to the changing conditions inside a cell that influence 
the activity of specific enzymes, which in turn influence cellular metabolism. 
 
metabolic systems are the chemical pathways that support the regeneration of cellular 
ATP.  For human muscle, these consists of the phosphagen, glycolytic, and 
mitochondrial respiration systems. 
 
fatigue is a widely used term, but in exercise physiology is defined as the decreased 
muscle force output during repeated muscle contractions. 

 
 


