
Skeletal Muscle Anatomy 
 

1 

 

 
Figure 1. A macroscopic view of the organization of 

skeletal muscle. 

It is important that you study the anatomy and 
function of skeletal muscle early in your exposure to 
exercise physiology, as it is the ATP involvement in 
muscle contraction that establishes the ATP 
demand of exercise, and all subsequent 
physiological responses to exercise stress. There 
will also be past interpretations of muscle 
contraction and morphology you may have learned 
from prior reading that are not correct.  I will identify 
these possible issues when they arise, so I hope 
some of this content does not confuse you.  The 
fact remains that the physical education or the 
exercise sciences did not teach muscle contraction 
correctly for decades, and such bad habits of 
learning have been passed along to numerous 
academics.  Regardless, enjoy this topic, as there is 
arguably no better example in human tissues for 
where structure and function combine to support the 
overall purpose of a tissue! 

 
Macroscopic Structure 
Skeletal muscle is the tissue whose function results in postural control and movement.  
It is beneficial to revise the anatomical structure of skeletal muscle to appreciate and 
more optimally learn the neuromuscular physiology to follow. 
 
Figure 1 reveals the 
organization of skeletal muscle 
at the macroscopic level.  A 
given skeletal muscle is 
surrounded by a connective 
tissue sheath, or fascia called 
epimysium (also referred to as 
the deep fascia).  A given 
muscle is fused at each end to 
tendons that provide insertions 
to bone forming the muscle 
origin (proximal end) and 
insertion (distal end), 
respectively.  Within the muscle, 
collections of muscle fibers are 
surrounded by another fascia sheath known as the perimysium, forming fascicles.  
The individual muscle fibers are surrounded by yet another fascial covering called the 
endomysium, under which is the fiber or cell membrane called the sarcolemma.  In 
summary, from an anatomical perspective, muscle is organized into fascicles and fibers 
(cells), and as explained soon, the sub-cellular organization of skeletal muscle is 
perhaps the most intricate of any tissue in the entire body. 
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Figure 2. A stained electron micrograph of skeletal muscle fibers, revealing 
multiple nuclei (N), capillaries (C), and within the insert, the I-band (I), Z-

lines (Z) and A band (A) of the sarcomere. 

Not all muscles have the fascicles and therefore the muscle fibers aligned along the 
length of the muscle.  The muscles that have fascicles and fibers running the length of 
the muscle, such as the biceps brachii, sartorius, and gracilis, are referred to as having 
a parallel or fusiform arrangement of fibers.  Some muscles have a tendon sheath that 
runs the entire length of the muscle, and muscle fascicles extend at an angle outwards 
from this sheath like the fronds of a feather.  This is a bipennate (penna = feather, 
wing) fascicle arrangement, and is exemplified by the rectus femoris of the quadriceps 
group.  Some muscles have a tendon sheath extending along one edge of the muscle 
length, with fascicles extending at an angle in one direction, forming a unipennate 
arrangement.  The angulation of the pinnate muscles approximates 25 to 30 degrees.  
Other muscles can have a broad or dispersed origin, with the fascicles converging 
towards a single tendon insertion, such as for the pectoralis major and lattissimus dorsi. 
 
The main issue with the fascicular arrangement is not in knowing the names, but 
appreciating the implications such angulation, or not, has on muscle force development.  
Application of simple physics would indicate that the fusiform muscles should generate 
the greatest force as the contractile force application occurs directly along the fascicle 
orientation.  For example, an oblique fascicle orientation of 25 degrees would decrease 
force application by 9%.  However, we know from measurements of muscle force 
adjusted for cross sectional area that many of the pennate muscles can generate 
greater forces.  This is because more muscle fascicles and fibers exist within a pinnate 
vs. fusiform muscle structure, more than compensating for the vector disadvantage of 
the angulated direction of force development. 
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Figure 3. A stained electron micrograph of a cross 
section of a skeletal muscle fiber.  Note the 
arrangement between the contractile proteins in the left 

region of the image (see Figure 8). 

 
Figure 4. An electron micrograph of the sarcomeres of skeletal 

muscle. 

Sub-Cellular Structure 
Figure 2 presents a stained 
electron micrograph of skeletal 
muscle fibers, showing a clear 
pattern to the sub-cellular 
contractile proteins, which is 
referred to as a striated 
appearance.  Thus, skeletal and 
cardiac muscle, which both have 
this organized consistent 
contractile protein arrangements, 
are both referred to as striated 
muscle.  Also note the dark 
stained nuclei within the muscle 
fibers of Figure 2, with most 
muscle fibers having multiple 
nuclei due to their long length.  
Figure 3 shows a cross section of 
skeletal muscle and a nerve.  
Note the organized arrangement 
of the thick (myosin) and thin 
(actin) contractile proteins to the 
left of the image. 
 
Within a muscle fiber, contractile 
proteins exist at a further scale of 
organization into discrete units 
called myofibrils.  The myofibrils 
consist of units called 
sarcomeres, 
connected end to end 
(in series) to form the 
myofibril that runs the 
length of the muscle 
fiber. 
 
Figure 4 is another 
electron micrograph, 
but this time of the 
sarcomere, more 
clearly revealing the 
anatomical 
organization of some 
of the protein 
structures.  Note that 
the I-band is the 
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Figure 5. A diagrammatic representation of the sarcomere and related contractile proteins. 

 
Figure 6. A diagrammatic presentation of 
the actin filament with attached 

tropomyosin and troponin. 

region of the sarcomere without myosin.  The M-line is a protein structure that functions 
to anchor the actin and myosin within the sarcomere.  The z-line is also a protein 
structure to support actin in the sarcomere.  Finally, the A-band is where both actin and 
myosin overlap.  Figure 5 is a diagrammatic representation of the sarcomere, with 
proteins and protein regions labeled.  The sarcomere is a very useful component of the 
muscle fiber to teach the sliding filament theory of muscle contraction (see that 
Topic).  However, it must be stressed here that the sarcomere is an anatomical unit and 
not a functional unit of muscle contraction.  Once again, the smallest unit of muscle 
contraction is the motor unit. 

The different thickness of the dark stained 
structures of the sarcomere reveals different 
proteins.  The more darkly stained and 
thicker protein is myosin.  The thinner 
protein is actin, upon which are additional 
proteins referred to as tropomyosin and 
troponin, respectively.  The actin seen in 
Figure 5 is really an actin polymer, where 
multiple globular actin (G-actin) molecules 
are connected end to end into two 
intertwined strands forming a filamentous 
structure (F-actin) (Figure 6).  Similarly, myosin is really a conglomerate of many 
myosin molecules bundled together (meromyosin) with an organized and repeated 
alignment of the protruded myosin sections (S1 units) outwards towards the actin 
molecules (Figure 7).  The combined S1 unit and the hinge region are termed the 
myosin heavy chain.  Note the two regulatory light chains associated with each S1 
unit.  The long rod of myosin is referred to as the myosin light chain. 
 
Figure 8 shows that such an arrangement is really three dimensional where 1 
meromyosin molecule extends S1 units radially outwards, like the spokes on a wheel, to 
attach to 6 F-actin molecules.  Added explanation of the all contractile proteins, and 
their role in muscle contraction, is presented in the Topic on “Muscle Contraction”. 
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Figure 7. A diagrammatic presentation of the myosin 

molecule and meromyosin filament. 

 
Figure 8. The hexaxial arrangement of the contractile proteins of the 

sarcomere. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Glossary Words 
 
connective tissue refers to bodily tissues the connect, separate or bind/surround other 
tissues within the body. 
 
fascia is a sheet of connective tissue, such as that covering the outside of skeletal 
muscle. 
 
epimysium is the sheet of connective tissue covering the outside of skeletal muscle. 
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origin is the proximal (closest to the middle of the body) insertion of muscle to bone. 
 
insertion is the distal (farthest from the middle of the body) insertion of muscle to bone. 
 
perimysium is the sheet of connective tissue surrounding each fascicle. 
 
fascicles are the collection of muscle fibers that are surrounded by the perimysium. 
 
endomysium is the sheet of connective tissue surrounding each muscle fiber, lying on 
top of the sarcolemma. 
 
sarcolemma is the cell membrane of a skeletal muscle fiber. 
 
fusiform refers to the arrangement of muscle fascicles and fibers that run the entire 
length of the muscle, and connected at each end to a tendon sheath and bone insertion. 
 
bipennate refers to the arrangement of muscle fibers and tendons where a tendon 
sheath extends centrally along the entire length of the muscle, and muscle fascicles and 
fibers extend at an angle outwards from this sheath like the fronds of a feather. 
 
unipennate refers to the arrangement of muscle fibers and tendons of a muscle where 
a tendon sheath that runs the length of one edge of the muscle, and muscle fascicles 
and fibers extend at an angle outwards from this sheath. 
 
striated muscle has an contractile proteins organized into sarcomeres and myofibrils, 
such as skeletal and cardiac muscle. 
 
myofibrils are a linear series of sacomeres, connected end to end within skeletal 
muscle fibers. 
 
sarcomere is a unit of contractile protein anatomy, bordered at each end by the z-line 
proteins. 
 
sliding filament theory refers to the theory of muscle contraction based on research 
evidence interpreted as the attachment of the S1 units of meromyosin to actin, with 
contraction fueled by the breakdown of ATP to ADP and Pi. 
 
myosin is the largest of the contractile proteins, which conglomerates into a bundle of 
multiple myosin proteins called merimyosin. 
 
actin is the smaller of the main contractile proteins that binds to the S1 units of 
meromyosin. 
 
tropomyosin is one of the regulatory proteins of muscle contraction that adheres in 
regular intervals to the F-actin molecule. 
 



Skeletal Muscle Anatomy 
 

7 

 

troponin is a regulatory protein of muscle contraction that associates with actin and 
tropomyosin, as well as binds calcium. 
 
G-actin is the individual globular actin molecules. 
 
F-actin is the filamentous bundle of G-actin molecules which are connected end to end 
in a double stranded array. 
 
meromyosin is the bundled form of multiple myosin molecules. 
 
S1 units are the globular head regions of myosin. 
 
myosin heavy chain is the region of the myosin molecule from the hinge region to and 
including the S1 unit. 
 
regulatory light chain is one of the myosin light chains known to be influential to the 
characteristics (velocity and force) of muscle contraction. 
 
myosin light chain is the individual relatively small protein, of a total of two associated 
with each S1 unit of myosin. 
 

 
 


