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Figure 1. A electron microscopic image of skeletal muscle 
contractile proteins, membranes of the mitochondria (bottom and 

top of image), and glycogen granules. 

A major dilemma in writing any academic textbook concerns the order of content.  This 
is especially true for exercise physiology, as there are many interacting systems, 
ranging from sub-cellular to systemic, that combine to induce a final holistic 
physiological response.  This dilemma is also very true for the topic of muscle fiber 
types, as I need to discuss this topic in relation to neuromuscular physiology, yet I 
cannot do this topic justice without prior coverage of muscle metabolism or the 
contractile proteins involved in muscle contraction.  Consequently, I will introduce the 
content of muscle fiber types here, and then add more content in another topic after 
coverage of both muscle contraction and muscle energy metabolism. 

 
We have learned a great 
deal about the sub-
cellular structure and 
function of skeletal 
muscle from the field of 
histology; the science of 
the microanatomy of 
organs, tissues and cells.  
Histologists sample 
tissues, prepare tissue 
samples for staining to 
reveal different structures and interpreted functions, and use technologies ranging from 
visual observation to light microscopes and the amazing electron microscope that can 
reveal details of intracellular membranes and even large storage molecules such as 
glycogen (Figure 1).  When histologists expose tissue sections to controlled chemical 
conditions in support of the activity of specific cellular enzymes, the process is called 
histochemistry. 
 
Remember that I mentioned earlier that within a motor unit, all the fibers of the unit are 
relatively the same.  That is, SO motor units have muscle fibers that are all similar in 
their slower twitch, higher mitochondrial density, and relative fatigue resistance 
characteristics.  On the opposite spectrum of motor units, the muscle fibers of the FG 
motor unit are all low in mitochondrial content, have fast twitch and high force, and are 
easily fatigued.  While these extremes are true true, it does not mean that there is no 
variability between in the characteristics of the muscle fibers within a specific motor unit.  
For example, the muscle fibers of FOG motor units may have varying mitochondrial 
densities, can have different expressions of certain contractile proteins, and may 
respond differently to training.  Despite these differences, motor unit traits still make 
them all FOG motor units.  Such variability exists in the muscle fiber traits within all 
three motor unit classifications.  Consequently, there are numerous muscle fiber types, 
with the exact number of fiber types per motor unit type being dependent on the method 
of muscle fiber typing. 
 
The main method used to extract muscle samples from humans before, during or after 
exercise is the percutaneous muscle biopsy procedure.  Read the Topic on this to help 
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Figure 2. A schematic of the difference in pH tolerance of 
myosin ATPase from muscle fibers of the different motor 

unit types. 

 
Figure 3. Thin slices of 
muscle obtained from a 
cryostat are placed on 
cover slips and then 
exposed to pH specific 

pre-incubation solutions. 

you understand how muscle 
samples are obtained and 
processed for subsequent 
biochemical assay or 
histology. 
 
Myosin ATPase Method 
The oldest and most used 
method to type muscle fibers 
is the ATPase stain.  The 
activity of the enzyme 
myosin ATPase is influenced 
by pH, and this pH sensitivity 
differs between the myosin 
ATPase from muscle fibers 
from SO, FOG and FG 
motor units (Figure 2).  To 
be clear, the pH changes we 
are talking about here are 
non-physiological, ranging 
from 4.3 to 10.3, with the physiological pH range of skeletal 
muscle being 6.0 to 7.0.  Anyway, as shown in Figure 2, 
acidic (pH=4.3) pH conditions will not influence the activity of 
myosin ATPase in SO muscle fibers, but denature the 
ATPase in both FOG and FG muscle fibers.  Slightly raising 
the pre-incubation pH condition to 4.6 will retain enzyme 
activity in the SO fibers, cause partial activity in the FOG 
fibers, and again cause no activity in the FG fibers.  An 
alkaline pre-incubation pH exposure (pH=10.3) reverses the 
pH to motor unit activity profile of myosin ATPase; no activity 
in SO, and complete activity in both FOG and FG. 
 
To exploit this pH dependency of myosin ATPase activity, 
researchers expose thin slices of muscle obtained from 
biopsy (using a cryostat) to a pH specific pre-incubation 
medium (Figure 3).  After a period of time, the muscle slices 
are then washed and exposed to a reaction medium that 
links the myosin ATPase reaction to another reaction that 
deposits a black stain within the muscle fibers.  If the myosin 
ATPase remains active, then the stain occurs.  If the enzyme is partially active, then a 
lighter stain occurs.  If the enzyme is inactive, then no stain occurs.  The shades of gray 
possible from the stain are interpreted as caused by differing expressions of the myosin 
ATPase.  Figure 4 presents an image of a stained section of rat muscle after a pre-
incubation condition of pH=10.5.  Figure 5 presents a section of stained rat muscle 
genetically expressed for fast twitch motor units.  Notice the reverse staining profile for 
the alkaline pre-incubation pH conditions.   
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Figure 4. An image of myosin ATPase stained 

muscle fibers after pre-incubation at pH=10.3. 

 
Figure 5. The myosin ATPase stain for rat 
muscle genetically expressed for fast twitch 
motor units.  Note the stain reversal between the 
two pre-incubation pH conditions (A = 4.3, B = 
10.2). 

Another feature of the myosin ATPase 
technique is that the number of 
different staining intensities depends 
on the exact pre-incubation pH.  
Slightly increasing the pre-incubation 
pH above 4.6 reveals added staining 
intensities, revealing a range of 
intermediate staining.  Some 
physiologists have argued that this is 
evidence for a broader spectrum of 
muscle fiber types.  However, 
remember that the only ATPase 
staining connected to the total motor 

unit traits of skeletal muscle is the 
profile obtained at pre-incubation pH 
conditions of 4.3, vs. 4.6, vs. 10.3.  
This more varied staining with 
increasing pre-incubation pH simply 
means that there is some variability in 
the genetic expression of the fast 
twitch myosin ATPase enzyme.  It 
remains unclear how this enzyme 
variability influences the total motor 
unit classification and contractile 
function during exercise. 
 
Other Methods of Fiber Typing 
Muscle fibers can also be 
distinguished by their NADH content 
(tetrazoleum reductase stain) or 
activity of the enzyme succinate 
dehydrogense (Figure 6), with the 
stain intensity of each proportional to 
mitochondrial content.  Muscle 
morphology is best revealed using the 
hematoxylin and eosin stain as 
shown in Figure 7.  Notice how this 
stain clearly reveals extracellular 
connective tissue membranes such as 
capillaries. 
 
Muscle glycogen is indirectly quantified at the cellular level using the periodic acid-
schiff base stain (PAS stain) (Figure 8) which produces a stain intensity proportional 
to muscle glycogen concentration.  The PAS stain has no real application to fiber typing, 
as muscle fibers of each of the three motor units has similar glycogen storage potential. 



Muscle Fiber Types: An Introduction 

 

4 

 

 
Figure 6. Skeletal muscle fibers stained for 
succinate dehydrogenase activity.  Fiber type 

nomenclature: I = SO, 2A = FOG, 2X = FG. 

 
Figure 7. Skeletal muscle stained with 
hematoxylin and eosin, revealing 
capillaries. 

 

 

Figure 8. The periodic acid schiff-base stain produces a pink stain where the intensity of the 
stain is proportional to muscle glycogen content.  Notice the stain difference between the pre-
exercise and post-exercise muscle fibers. 

 

Nevertheless, when researchers combine ATPase staining with serial section slices of 
muscle exposed to the PAS stain, then fiber type specific muscle glycogen content and 
change can be determined.  Such serial section staining is revealed in Figure 9 for 
hematoxylin and eosin, myosin ATPase, succinate dehydrogenase activity and glycerol-
3-phosphate dehydrogenase activity stains. 

 
 
 
 
 
Muscle fibers can also be assessed by their myosin 
ATPase electrochemical characteristics.  The portion of 
the myosin molecule involving the S1 unit and hinge 
section, referred to as myosin heavy chain, is known to 
be genetically expressed differently between the 
muscle fibers of the different motor units.  The different 
amino acid sequences of these myosin heavy chains 
cause them to migrate differently in an electrical field, 
and the procedure of electrophoresis uses this 
feature to separate the different heavy chains from a 
muscle sample (Figure 10).  More recent research has 
also revealed that myosin heavy chain expression is 
remarkably responsive to training and detraining, and 
may contribute in part to the contractile speed features 
of skeletal muscle (Figure 11).  I will talk more about 
this aspect of fiber typing in a topic that occurs after 
muscle contraction and energy metabolism. 
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Figure 9. Serial sections of muscle 
tissue stained for a) hematoxylin 
and eosin, b) myosin ATPase, c) 
succinate dehydrogenase, and d) 
glycerol-3-phosphate 
dehydrogenase. 

 
Figure 10. Equipment used for studying the 
electrophoretic profiles of tissue proteins. 

 

 
Figure 11. Results from the study of myosin heavy 
chain from the diaphragm muscle of subjects with 
lung dysfunction.  Type I and II myosin heavy chain; 
C4 and C5 = control patients; E3 and E4 = COPD 
patients; B = non-denaturing conditions of A.  From 
Meredier JJ et al. Am J Lung Cell Mol Physiol 

1998;274:L527-:534. 
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Glossary Words 
 
fiber type refers to the classification of muscle fibers based on histochemical staining. 
 
histology is the science of the microanatomy of organs, tissues and cells. 
 
histochemistry is a branch of histology where tissue sections are exposed to controlled 
chemical conditions in support of the activity of specific cellular enzymes or structures. 
 
myosin ATPase method refers to the assessment of muscle fiber based on pH 
sensitivity of myosin ATPase. 
 
ATPase stain is the stain of muscle fibers based on the activity of myosin ATPase. 
 
cryostat is a piece of equipment used to cut thin sections of frozen tissue samples. 
 
tetrazoleum reductase stain is a histochemical stain used to produce a proportional 
stain intensity for cellular NADH concentrations. 
 
hematoxylin and eosin stain is a histological stain used to color connective tissues. 
 
periodic acid-schiff base stain (PAS stain) is a histological stain used to color 
carbohydrate. 
 
electrophoresis is the laboratory method inducing the separation of proteins based on 
their different charge characteristics and motion in an electrical field. 
 

 
 


