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     It seems that most athletes, regardless of sport have realized the value of resistance 
training to enhance athletic performance.  However, there still appears to be a lot of 
confusion as to the best way to train to improve muscle hypertrophy (mass), strength, 
and power.  Since each of these characteristics requires a unique adaptation by the 
muscle, the manner in which they are trained should also be different.  Studies have 
shown that the pyramid system of training in which the athlete performs sets with a 
progressively heavier resistance with a corresponding decrease in the number of 
repetitions with the intention of developing mass, strength, and power simultaneously 
within the same workout is much less effective then training each characteristic 
separately within its own cycle in a periodized model.  The purpose of this series of 
articles is to provide an overview of different resistance training protocols that can be 
used to develop muscle mass, strength, and power.  

     Although one of the main goals for athletes in the off-season is to get stronger and 
more powerful, this may not be achieved if the training program does not include cycles 
that focus specifically on increasing muscle mass or muscle hypertrophy.  Morehouse 
(1976) found that a hypertrophied muscle possessed a greater potential to gain strength 
and power than a non-hypertrophied muscle.  Other studies have also indicate that lean 
body mass may be the most important factor for muscular strength and power gains 
(Komi, 1979; Stone et al, 1981).  This may be the result of an increase in the contractile 
properties of the muscle associated with hypertrophy that are then refined during 
strength training, resulting in greater than normal force production.  

Physiological Causes of Hypertrophy  
     When muscles are exposed to a progressive resistance weight-training program they 
must gradually adapt to the new loads that are placed on them otherwise overtraining 
will occur.  There are several biochemical and structural changes that occur within 



muscles that may result in an increase in the cross-sectional area of individual muscle 
fibers.  They are:  

1) Increase in the number and/or size of the myofibrils per muscle fiber due to an 
additional number of myofilaments (Gordon, 1967; MacDougall, Sale, Elder, Elder, & 
Sutton, 1976).  
2)  Increase in the total amount of the contractile protein, particularly in themyosin or 
thick filament of the sarcomere Gordon, 1967; Penman, 1969; MacDougall et al, 1979).  
3) Increase in the capillary density per muscle fiber (Fox, Bowers, & Foss,      1989).  
4) Possible increase in the amount of sarcoplasm in a muscle fiber (Morehouse   & 
Miller, 1976).  
5) Increase in the amount and strength of connective, tendinous, and     ligamentous 
tissues (Tipton, Matthes, Maynard, & Carey, 1975). 

Hyperplasia and Muscle Hypertrophy  
     It has been suggested that an increase in muscle mass may be the result of a 
process known as hyperplasia.  Hyperplasia is the enlargement of a muscle through an 
increase in the number of muscle fibers.  This theory is based on studies that have 
demonstrated hyperplasia in animal muscles.  Studies using human subjects have not 
supported this theory (MacDougall, Sale, Elder, Elder, & Sutton, 1976; MacDougall & 
Sale, 1984).  

     MacDougall and Sale (1984) investigated the differences in muscle structure of the 
biceps brachii muscle among elite bodybuilders, novice bodybuilders, and untrained 
subjects.  Needle biopsies were used to extract small samples of muscle tissue.  Using 
an electron microscope the number of muscle fibers for a given area was counted.  The 
results of the study showed that the average number of fibers were the same for each 
group although cross-sectional area of the muscle differed. This indicated that 
differences in cross-sectional area were the result of an increase in the size of the 
muscle fibers rather than an increase in the number of fibers.  

Training To Increase Muscle Hypertrophy  
     In order for muscles to be enlarged beyond their normal size, they must be exposed 
to a training stimulus that is sufficient to cause overcompensation in the muscle.  
Typically high volume, low intensity training is used for this purpose.  
  

 


