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Lecture 15  The muscular system VI

Whole-Muscle Contraction; Muscle metabolism 

Outcomes: 

1.Describe and explain twitch, summation, and other aspects of muscle behavior;  
2.Contrast isometric and isotonic contraction;  
3.Describe two ways in which muscle meets the energy demands of exercise;  
4.Discuss the factors that cause muscle fatigue and limit endurance;  
5.Distinguish between fast and slow types of muscle fibers; and  
6.Identify some variables that determine muscular strength.  

The number of cross-bridges formed between actin and myosin determines the 
amount of tension produced by a muscle. The length of a sarcomere is optimal when 
the zone of overlap between thin and thick filaments is greatest. Muscles that are 
stretched or compressed too greatly do not produce maximal amounts of power. A 
motor unit is formed by a motor neuron and all of the muscle fibers that are 
innervated by that same motor neuron. A single contraction is called a twitch. A 
muscle twitch has a latent period, a contraction phase, and a relaxation phase. A 
graded muscle response allows variation in muscle tension. Summation occurs as 
successive stimuli are added together to produce a stronger muscle contraction. 
Tetanus is the fusion of contractions to produce a continuous contraction. Increasing 
the number of motor neurons involved increases the amount of motor units activated 
in a muscle, which is called recruitment. Muscle tone is the constant low-level 
contractions that allow for posture and stability. 
ATP supplies the energy for muscle contraction to take place. In addition to its direct 
role in the cross-bridge cycle, ATP also provides the energy for the active-transport 
Ca++ pumps in the SR. Muscle contraction does not occur without sufficient amounts 
of ATP. The amount of ATP stored in muscle is very low, only sufficient to power a 
few seconds worth of contractions. As it is broken down, ATP must therefore be 
regenerated and replaced quickly to allow for sustained contraction. There are three 



mechanisms by which ATP can be regenerated: creatine phosphate metabolism, 
anaerobic glycolysis, fermentation and aerobic respiration. 

Review questions 
1.How would muscle contractions be affected if ATP was completely depleted in a 
muscle fiber? 
2. What factors contribute to the amount of tension produced in an individual muscle 
fiber? 
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