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Skeletal Muscle Structure 

and Function

10Laboratory Exercise 

Purpose of the Exercise

To study the structure and function of skeletal muscles as 
cells and as organs.

Learning Outcomes

After completing this exercise, you should be able to

 Locate the structures of a skeletal muscle fiber (cell).

 Describe how connective tissue is associated with mus-
cle tissue within a skeletal muscle.

 Distinguish between the origin and insertion of a 
muscle.

 Describe and demonstrate the general actions of prime 
movers (agonists), synergists, fixators, and antagonists.

 Diagram and label a muscle twitch.

 Demonstrate threshold (the minimum voltage required 
to observe the appearance of muscle contraction).

 Illustrate recruitment (the stimulation of additional 
motor units in the muscle) by observing the change in 
amplitude of the contraction.

 Determine maximum contraction (the stimulation of all 
motor units in the muscle) by observing no further increase 
in the amplitude of the contraction.

 Measure amplitude of muscle contraction when the 
muscle is stimulated with varying degrees of voltage.

 Integrate the concepts of recruitment and maximum 
stimulation as applied to the muscles of the body.
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Materials Needed

Compound light microscope
Prepared microscope slide of skeletal muscle tissue 

(longitudinal section and cross section)
Human torso model with musculature
Model of skeletal muscle fiber

For Demonstration Activity:
Fresh round beefsteak

Pre-Lab

Carefully read the introductory material and examine 
the entire lab. Be familiar with skeletal muscle tissue 
and muscle structure and function from lecture or the 
textbook. Answer the pre-lab questions.

Pre-Lab Questions: Select the correct answer for 
each of the following questions:

 1. The outermost layer of connective tissue of a 
muscle is the
 a. fascicle. b. endomysium.
 c. epimysium. d. perimysium.

 2. The thick myofibril filament of a sarcomere is 
composed of a protein
 a. myosin. b. actin.
 c. titin. d. sarcolemma.

 3. The muscle primarily responsible for a movement 
is the
 a. synergist. b. prime mover (agonist).
 c. antagonist. d. origin.

 4. The neuron and the collection of muscle fibers it 
innervates is called the
 a. neural impulse. b. muscle fiber.
 c. motor neuron. d. motor unit.

 5. The functional contractile unit of a muscle fiber 
(cell) is a 
 a. sarcoplasm. b. sarcolemma.
 c. sarcomere. d. sarcoplasmic reticulum.

 6. The role of a particular muscle is always the 
same. 

True ______ False _______

 7. A synergistic muscle contraction assists the prime 
mover. 

True ______ False _______

 8. The plasma membrane of a muscle fiber (cell) is 
called the sarcolemma. 

True ______ False _______
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A skeletal muscle represents an organ of the 
muscular system and is composed of several types of tissues. 
These tissues include skeletal muscle tissue, nervous tissue, 
and various connective tissues.

Each skeletal muscle is encased and permeated with 
connective tissue sheaths. The connective tissues surround 
and extend into the structure of a muscle and separate it into 
compartments. The entire muscle is encased by the epimy-
sium. The perimysium covers bundles of cells ( fascicles), 
within the muscle. The deepest connective tissue surrounds 
each individul muscle fiber (cell) as a thin endomysium. The 
connective tissues provide support and reinforcement during 
muscular contractions and allow portions of a muscle to con-
tract somewhat independently. The connective tissue often 
extends beyond the end of a muscle, providing an attach-
ment to other muscles or to bones. Some collagen fibers of 
the connective tissue are continuous with the tendon and the 
periosteum, making for a strong structural continuity.

Muscles are named according to their location, size, 
shape, action, attachments, number of origins, or the direc-
tion of the fibers. Examples of how muscles are named 
include: gluteus maximus (location and size); adductor lon-
gus (action and size); sternocleidomastoid (attachments); 
serratus anterior (shape and location); biceps (two origins); 
and orbicularis oculi (direction of fibers and location).

Skeletal muscles, such as the biceps brachii, are com-
posed of many muscle fibers (cells). These muscle fibers are 
innervated by motor neurons of the nervous system. Ana-
tomically, each motor neuron is arranged to extend to a spe-
cific number of muscle fibers. (Note that each muscle fiber is 
innervated by only one motor neuron.) The motor neuron and 
the collection of muscle fibers it innervates is called a motor 
unit. When the motor neuron relays a neural impulse to the 
muscle, all the muscle fibers that it innervates (i.e., the motor 
unit) will be stimulated to contract. If only a few motor units 
are stimulated, the muscle as a whole exerts little force. If a 
larger number of motor units are stimulated, the muscle will 
exert a greater force. Thus, to lift a heavy object like a suit-
case requires the activation of more motor units in the biceps 
brachii than the lifting of a lighter object like a book.

Procedure A—Skeletal Muscle 

Structure

 1. Examine the microscopic structure of a longitudinal 
section of skeletal muscle by observing a prepared 
microscope slide of this tissue. Use figure 10.1 of skel-
etal muscle tissue to locate the following features:

skeletal muscle fiber (cell)

nuclei
striations (alternating light and dark)

 2. Skeletal muscle cells are stimulated by nerve impulses 
over cellular processes (axons) of motor neurons. The 
neuromuscular junctions are the sites where the axons 
terminate at a muscle fiber (fig. 10.1).

 3. Study figures 10.2 and 10.3. Note the arrangement of 
muscle fibers in relation to the connective tissues of the 

FIGURE 10.1  Micrograph of a longitudinal section of 
skeletal muscle fibers with associated neuromuscular 
junctions (400×).

FIGURE 10.2  Skeletal muscle structure from the 
gross anatomy to the microscopic arrangement. Note the 
distribution pattern of the epimysium, perimysium, and 
endomysium.
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FIGURE 10.3  Cross section of a fascicle and associated connective tissues (scanning electron micrograph, 320×).

epimysium, perimysium, and endomysium of an indi-
vidual muscle. Examine the microscopic structure of a 
cross section of skeletal muscle tissue using figure 10.3 
for identification of the structures.

 4. Examine the human torso model and locate exam-
ples of tendons and aponeuroses. An origin tendon is 
attached to a fixed location, while the insertion tendon 
is attached to a more movable location. Sheets of con-
nective tissue, called aponeuroses, also serve for some 
muscle attachments. An example of a large aponeurosis 
visible on the torso or a muscle chart is in the abdomi-
nal area. It appears as a broad white sheet of connective 
tissue for some of the abdominal muscle attachments to 
each other. Locate examples of cordlike tendons in your 
body. The large calcaneal tendon is easy to palpate in a 
posterior ankle just above the heel.

Demonstration Activity

Examine the fresh round beefsteak. It represents a cross 
section through the beef thigh muscles. Note the white 
lines of connective tissue that separate the individual 
skeletal muscles. Also note how the connective tissue 
extends into the structure of a muscle and separates it 
into small compartments of muscle tissue. Locate the 
epimysium and the perimysium of an individual muscle.

Safety

 ▶ Wear disposable gloves when handling the fresh 
beefsteak.

 ▶ Wash your hands before leaving the laboratory.
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FIGURE 10.5 Sarcomere contractile unit of a 
muscle fiber: (a) micrograph (16,000×); (b) illustration of the 
repeating pattern of striations (bands).

 5. Using figures 10.4 and 10.5 as a guide, examine the 
model of the skeletal muscle fiber. Locate the following:

sarcolemma—plasma membrane of a muscle fiber
sarcoplasm—cytoplasm of a muscle fiber
myofibril—bundle of protein filaments

• thick filament—composed of contractile 
protein myosin

• thin filament—composed mostly of contractile 
protein actin

• elastic filament—composed of springy protein 
titin

sarcoplasmic reticulum (SR)—smooth ER of 
muscle fiber

• terminal cisternae—extended ends of SR next 
to transverse tubules

transverse (T) tubules—inward extensions of 
sarcolemma through the muscle fiber

sarcomere—functional contractile unit within 
muscle fiber (fig. 10.5)

• A (anisotropic) band—dark band of thick 
filaments and some overlap of thin filaments

• I (isotropic) band—light band of thin filaments

• H zone (band)—light band in middle of A band

• M line—dark line in middle of H zone

• Z disc (line)—thin and elastic filaments 
anchored at ends of sarcomere

FIGURE 10.4  Structures of a segment of a muscle fiber (cell).



Origins on scapula

Scapula

Origin on scapula

Origin on humerus

(Action: extension
of forearm at elbow)

Triceps brachii: long head
Triceps brachii: lateral head

Humerus

Insertion on ulna

Biceps brachii
(Action: flexion of
forearm at elbow)

Brachialis
(Action: flexion of
forearm at elbow)

Ulna

Radius

Insertion on radius

Origin on humerus
Belly of biceps brachii

Insertion on ulna

Tendon of 
biceps brachii

91

TABLE 10.1 Various Roles of Muscles

Functional Category Description

Prime mover (agonist) Muscle primarily responsible for the action (movement)

Antagonist Muscle responsible for action in the opposite direction of a 
prime mover or for resistance to a prime mover

Synergist Muscle contraction assists a prime mover

Fixator Special type of synergist muscle; muscle contraction will 
stabilize a joint so another contracting muscle exerts a 
force on something else

FIGURE 10.6  Antagonistic muscle pairs are located on opposite sides of the same body region as shown in an arm. 
The muscle acting as the prime mover depends upon the movement that occurs.

 6. Complete Part A and B of the Laboratory Assessment 
10.

 7. Study figure 10.6 and table 10.1.
 8. Locate the biceps brachii, brachialis, and triceps bra-

chii and their origins and insertions in the human torso 
model and in your body.

 9. Make various movements with your upper limb at the 
shoulder and elbow. For each movement, determine 
the location of the muscles functioning as prime mov-
ers (agonists) and as antagonists. When a prime mover 

contracts (shortens) and a joint moves, its antagonist 
relaxes (lengthens). Antagonistic muscle pairs pull from 
opposite sides of the same body region. Synergistic mus-
cles often supplement the contraction force of a prime 
mover, or by acting as fixators, they might also stabilize 
nearby joints. The role of a muscle as a prime mover, 
antagonist, or synergist depends upon the movement 
under consideration, as their roles change.

 10. Complete Part C of the laboratory assessment.



92

N O T E S



Name 

Date 

Section 

The  corresponds to the indicated outcome(s) found at the beginning of the 
laboratory exercise.

1

2

3

A band (dark)
H zone
I band (light)
M line
Sarcomere
Z disc

4

56

93

Skeletal Muscle Structure 

and Function

Part A Assessments

Match the terms in column A with the definitions in column B. Place the letter of your choice in the space provided. 1  2  

 Column A Column B
 a. Endomysium

 b. Epimysium

 c. Fascia

 d. Fascicle

 e. Myosin

 f. Perimysium

 g. Sarcolemma

 h. Sarcomere

 i. Sarcoplasm

 j. Sarcoplasmic reticulum

 k. Tendon

 l. Transverse (T) tubule

 10
Laboratory Assessment

______ 1.  Membranous channel extending inward from muscle fiber membrane

______ 2. Cytoplasm of a muscle fiber

______ 3. Connective tissue located between adjacent muscles

______ 4.  Layer of connective tissue that separates a muscle into small bundles 
called fascicles

______ 5. Plasma membrane of a muscle fiber

______ 6. Layer of connective tissue that surrounds a skeletal muscle

______ 7. Unit of alternating light and dark striations between Z discs (lines)

______ 8.  Layer of connective tissue that surrounds an individual muscle fiber

______ 9.  Cellular organelle in muscle fiber corresponding to the endoplasmic 
reticulum

______ 10. Cordlike part that attaches a muscle to a bone

______ 11. Protein found within thick filament

______ 12. A small bundle of muscle fibers within a muscle

Part B Assessments

Provide the labels for the electron micrograph in figure 10.7.

FIGURE 10.7  Label this transmission electron micrograph (16,000×) of a relaxed sarcomere by placing the correct 
numbers in the spaces provided. 1
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Part C Assessments

Complete the following statements:

 1. The _______________________ of a muscle is usually attached to a fixed location. 3  

 2. The _______________________ of a muscle is usually attached to a movable location. 3  

 3. A muscle responsible for most of a movement is called a(n) _______________________. 4  

 4. Assisting muscles are called _______________________. 4  

 5. Antagonists are muscles that resist the actions of _______________________ and cause movement in the opposite 
direction. 4  

 6. When the forearm is extended at the elbow joint, the _______________________ muscle acts as the prime mover. 4  

 7. When the biceps brachii acts as the prime mover, the _______________________ muscle assists as a synergist. 4  

Critical Thinking Assessment

You are getting ready to leave the lab. You lift your pencil to put it in your book bag. Then you lift your lab book and place 
it in your book bag. Which scenario resulted from the stimulation of more motor units? 10  

 ________________________________________________________________________________________________

Which would require more neural signals being sent by the nervous system to the muscles of your arm? 10  

 ________________________________________________________________________________________________

What concept covered in this lab (threshold, recruitment, or maximum contraction) explains why there are certain objects 
that are too heavy for you to lift? 10  

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

Y

origin

insertion

prime mover

synergists

prime movers

triceps brachii

brachialis

More motor units are stimulated to lift the lab book since a greater force is needed to lift a heavier object.

More neural signals would be sent by the nervous system to lift the lab book.

At the maximal contraction, all motor units are stimulated. Further increases in stimulation fail to exert

a greater force of contraction by the muscle.


