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C H A P T E R

10
Muscle Tissue

Learning Objectives
 Describe the organization of muscle and 

the unique characteristics of skeletal 
muscle cells.

 Identify the structural components of 
the sarcomere.

 Summarize the events at the 
neuromuscular junction.

Three types of muscle
 Skeletal—attached to bone

 striated, voluntary, myofibers
 Cardiac—found in the heart

 striated, involuntary, branched, cardiocytes
 Smooth—lines hollow organs

 nonstriated, involuntary, fusiform in shape 
(spindle)
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Table 10.2 (1 of 3)

Muscle Terms
 “Myo” and “Sarco” mean muscle
 Muscle grows via hypertrophy not 

division.  That means the protein mass 
increases but you DO NOT GAIN MORE 
MUSCLE CELLS.  

 The ones you have just get bigger.

Skeletal Muscle Tissue and the 
Muscular System
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Skeletal muscle functions
 Produce skeletal movement
 Maintain posture and body position
 Support soft tissues
 Guard entrances and exits
 Maintain body temperature

Muscle Tissue Throughout Life
 Muscle tissue develops from 

myoblasts
 Myoblasts fuse to form skeletal muscle 

fibers
 Skeletal muscles contract by the seventh 

week of development
Embryonic 

mesoderm 
cells undergo 
cell division 
(to increase 
number) and 
enlarge.

Embryonic
mesoderm cells Myoblasts

Myotube
(immature
multinucleate
muscle fiber)

Satellite 
cell

Mature 
skeletal
muscle 
fiber

Several 
myoblasts 
fuse together 
to form a 
myotube.

Myotube 
matures into 
skeletal 
muscle fiber.

1 2 3

Skeletal Muscle
 Each muscle is an organ 

 Consists mostly of muscle tissue
 Skeletal muscle also contains 

 Connective tissue
 Blood vessels
 Nerves
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Basic Features of a Skeletal Muscle

 Nerves and blood vessels
 Each skeletal muscle supplied by

 One nerve
 One artery
 One or more veins

Nerves and blood vessels

 Nerves and vessels branch repeatedly
 smallest nerve branches serve individual 

muscle fibers
 Neuromuscular junction

 signals the muscle to contract

Muscle attachments
 Most skeletal muscles run from one 

bone to another
 One bone will move – other bone 

remains fixed
 Origin – less movable attachment
 Insertion – more movable attachment
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Origin
by direct
attachment

Muscle contracting

Insertion by
indirect attachment

Brachialis

Tendon

Muscle Attachments

Figure 10.3

Connective Tissue Sheaths
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Diagram of Part of a Muscle 
Fiber

Figure 10.4b

Nucleus
Light I band

Dark A band

Sarcolemma

Mitochondrion

(b) Diagram of part of a muscle fiber 
showing the myofibrils. One myofibril is 
extended from the cut end of the fiber.

Myofibril

Figure 10.6

Sarcoplasmic Reticulum and T Tubules
in the Skeletal Muscle Fiber

Myofibril

Myofibrils

Triad

Tubules of the 
sarcoplasmic
reticulum

Sarcolemma

Sarcolemma

Mitochondria

I band I bandA band

H zone Z discZ disc

Part of a skeletal 
muscle fiber (cell)

T tubule
Terminal
cistern
of the 
sarcoplasmic
reticulum (2)

M
line

I band

Z disc Z disc

I bandA band

H zone

Thin (actin)
filament

Thick (myosin)
filament

Z disc Z disc

M line
Sarcomere

(c) Small part of one myofibril enlarged to show 
the myofilaments responsible for the banding 
pattern. Each sarcomere extends from one Z disc 
to the next.

Sarcomere Structure

I band

Z disc Z disc

I band

M line
Sarcomere

Thin (actin)
filament

Thick
(myosin)
filament

Elastic (titin)
filaments

(d) Enlargement of one sarcomere
(sectioned lengthwise). Notice the 
myosin heads on the thick filaments.

Myosin
heads

Figure 10.4c, d
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Sliding Filament Mechanism

Figure 10.7

Movement
Thin (actin)

filament

Thick (myosin)
filament

Myosin
head

Thick (myosin)
filament

Thin (actin)
filament

(a) Myosin heads attach to actin in the 
thin filaments, then pivot to pull the 
thin filaments inward.

(b) Transmission electron micrograph of 
part of a sarcomere, showing myosin 
heads attached to the thin filaments

Thin (actin)
filament

Thick (myosin)
filament

Myosin
heads

Sliding Filament Mechanism

I IA
Z ZH

Fully relaxed sarcomere of a muscle fiber
I IA
Z Z

Fully contracted sarcomere of a muscle fiber1 2

Figure 10.8

19

20

21



8

Nerve impulse stimulates the 
release of the neurotransmitter 
acetylcholine (ACh) into the 
synaptic cleft.

Axon terminal
of motor neuron
Synaptic vesicle
containing ACh

Muscle fiber

(a)

(b)

Triad 

Synaptic
cleft

Sarcolemma

Terminal 
cisterna
of SR 

Ca2+

Nucleus

Nerve
impulse

Myelinated axon
of motor neuron

Axon terminal of 
neuromuscular 
junction

Sarcolemma of
the muscle fiber

1

ACh stimulates changes in 
the sarcolemma that excite the 
muscle fiber. This stimulus is 
carried down the T tubules to 
initiate fiber contraction.

Enzymes in the synaptic cleft
break down ACh and thus limit its
action to a single muscle twitch.
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The Neuromuscular Junction

Figure 10.9

Motor Units

Figure 10.10

Spinal cord

Motor neuron
cell body

Muscle

Branching axon
to motor unit

Nerve

Motor
unit 1

Motor
unit 2

Muscle
fibers

Motor 
neuron
axon

Axon terminals at
neuromuscular 
junctions

(a) Axons of motor neurons extend from the spinal cord to 
the muscle. There each axon divides into a number of 
axon terminals that form neuromuscular junctions with 
muscle fibers scattered throughout the muscle.

(b) Branching axon 
terminals form 
neuromuscular 
junctions, one 
per muscle fiber 
(photomicrograph 
110×).

Types of Skeletal Muscle Fibers
 Skeletal muscle fibers are categorized 

according to:
 How they manufacture energy (ATP)
 How quickly they contract

 Oxidative fibers—produce ATP 
aerobically

 Glycolytic fibers—produce ATP 
anaerobically by glycolysis
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Types of Skeletal Muscle Fibers
 Skeletal muscle fibers

 Are divided into three classes
 Slow oxidative fibers

 Red slow oxidative fibers
 Fast glycolytic fibers

 White fast glycolytic fibers
 Fast oxidative fibers

 Intermediate fibers

You should now be familiar 
with:
 The organization of muscle and the unique 

characteristics of skeletal muscle cells
 The structural components of the sarcomere
 The events at the neuromuscular junction
 The key concepts involved in skeletal muscle 

contraction and tension production
 How muscle fibers obtain energy for contraction
 Aerobic and anaerobic contraction, muscle fiber 

types, and muscle performance
 The differences between skeletal, cardiac, and 

smooth muscle
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