
Chapter 7- The Muscular 
System



7.1- Types of Muscles and Functions
3 Types
1. Smooth

– involuntary
– Walls of vessels
– Constricts or dilates 

passageways
2. Cardiac

– Involuntary
– Heart wall
– Branched, intercalated disks

3. Skeletal
– Voluntary
– Striated, long cylinders
– Attached to bones



Functions of Skeletal Muscle

1. Supports body- posture
2. Movement of body parts- bones
3. Maintains body temperature- ATP 

breakdown
4. Movement of cardiovascular and lymph 

fluids
5. Protect internal organs and stabilize joints



Anatomy of a Muscle
1. Tendon- connects muscle to bone
2. Fascia- outer covering on muscle, separates muscles 

from each other (on top of epimysium)
3. Epimysium- outer covering of muscle (between fascia and 

muscle)
4. Muscle- bundle of fascicles
5. Perimysium- covers and surrounds fascicles 
6. Fascicles- bundle of muscle fibers
7. Endomysium- covers and surrounds muscle fibers
8. Muscle fibers- bundle of myofibrils
9. Sarcolemma- membrane underneath endomysium; 

surround myofibrils
10. Myofibril- units of sarcomeres, contains myofilaments
11. Myofilaments- strands of protein that slide past one 

another during a muscle contraction.



Anatomy of Skeletal Muscle- Macro-structures



Anatomy of Skeletal Muscle- Micro-structures

1. Muscle Fiber- muscle cell
2. Sarcolemma- cell membrane and Sarcoplasm- cytoplasm
3. Myofibril (series of sarcomeres)

– Transverse Tubules (T- Tubules)- invaginations of the 
sarcolemma; transmits and electrical impulse

– Sarcoplasmic reticulum- stores calcium
4. Sarcomere- contractile unit of a muscle

– Myofilaments-
• actin and myosin

– Z line- ends of sarcomere



Anatomy of Skeletal Muscle- Micro-structures



Myofilaments
2 Types
1. Actin- 2 strands 

of F-actin
• G-actin

– Contains active 
binding site

• Tropomyosin
– covers active 

binding site
• Troponin

– Binds to 
Calcium



Myofilaments

2 Types
1. Myosin- thick filament
• Head

– Binds to active binding site on G-actin
• Rod



Skeletal Muscle Contraction

Motor unit- motor neuron and all of the muscle 
fibers it innervates (sends an action 
potential to)

2 Parts
1. At the neuromuscular junction
2. At the muscle fiber

7.2- Contraction of Skeletal Muscle



Muscle Contraction at the NMJ

Parts of the NMJ
1. Motor neuron- sends action potential to 

muscle fiber
– Axon terminal- in contact with muscle fiber

• Voltage gated Ca2+ channels
• Vesicles- filled with neurotransmitter acetylcholine 

(Ach)
– Synaptic cleft- space between MN and MF

2. Muscle fiber
– Sarcolemma

• Contains chemical gated sodium ion channels





Neuromuscular Junction



Muscle Contraction at the Muscle Fiber

Parts of the Muscle Fiber
1. Sarcolemma
2. T-tubule
3. Sarcoplasmic reticulum
4. Myofibril

1. Myosin
2. Actin

• G-actin- contains active binding site
• Troponin- attached to tropomyosin, binds to Ca2+
• Tropomyosin- covers active binding site on G-actin





Summary of Skeletal Muscle Contraction
At the Neuromuscular Junction
1.An action potential travels down the motor neuron to the axon terminal.
2.The action potential stimulates the opening of voltage-gated calcium ion 
channels, allowing calcium ions to diffuse into the axon terminal.
3.Calcium causes synaptic vesicles, filled with neurotransmitter, to fuse to 
the presynaptic membrane of the motor neuron.
4.Synaptic vesicles release neurotransmitter into the synaptic cleft.
5.Neurotransmitter diffuses across the synaptic cleft and binds to chemical-
gated sodium ion channels located on the postsynaptic membrane of the 
sarcolemma of the muscle fiber.
6.Chemical-gated sodium ion channels open, allowing sodium ions to diffuse 
across the postsynaptic membrane into the muscle fiber.
7.The diffusion of sodium ions creates a new action potential.



Summary of Skeletal Muscle Contraction
At the Muscle Fiber
8. The new action potential travels down the sarcolemma and into the T-

tubules.
9. From the t-tubules, the action potential is passed to the terminal cisternae 

and finally the sarcoplasmic reticulum.
10. The action potential stimulates the opening of voltage-gated calcium ion 

channels allowing calcium ions to diffuse out of the sarcoplasmic reticulum.

At the Myofibril and Sarcomere
11. Calcium ions diffuse into the myofibril and into the sarcomere.
12. Calcium binds to troponin.
13. Troponin then pulls on tropomyosin.
14. When tropomyosin is pulled, the active binding site of G-actin is exposed.
15. The exposure of the active binding site allows the head of the myosin 

myofilament to bind creating a cross bridge.
16. The myosin head is in a high-energy configuration because it is attached to 

ADP and phosphate.



Summary of Skeletal Muscle Contraction
At the Myofibril and Sarcomere
17. After cross-bridging, ADP and phosphate are released from the myosin 

head causing the head to bend.  The bending of the myosin head, called 
the working stroke,  causes the actin myofilament to “slide” past the 
myosin myofilament.   

18. After the working stroke, a new ATP molecule binds to the myosin head 
breaking the cross-bridge called detachment.

19. The process of ATP hydrolysis breaks ATP into ADP and phosphate 
causing the head to return back to a high-energy configuration to 
prepare for another cross-bridge.

20. The movement of actin and myosin passed one another is called the 
“Sliding Filament Theory.”



Muscle Contraction
Animation of a muscle  contraction



Section 7.3- Muscle Responses

All-or None Principle
A muscle fiber contracts completely or not at 
all.

A muscle shows degrees of contraction.



Muscle Contraction in the Lab

Electromyography (EMG)- a diagnostic test 
performed to assess the health and 
functionality of an individual's muscles. 

Myogram- a graph of the mechanical force 
of contraction of a muscle.



• For a muscle to contract, the stimulus must be above 
threshold (maximum stimulus strength).

– Once properly stimulated, the muscle will contract then 
relax lasting only a fraction of a second.

• This is known as a muscle twitch.

Muscle Contraction in the Lab



Muscle Contraction in the Lab- Muscle Twitch

Parts of a Muscle Twitch

1. Lag (Latent) Phase- the 
duration of a muscle twitch 
between stimulation and 
initiation of the contraction.

2. Contraction Phase- the 
duration of a muscle twitch 
when the muscle shortens 
in length.

3. Relaxation Phase- the 
duration of a muscle twitch 
when the muscle returns to 
its resting length.



Muscle Contraction in the Body

The force of a muscle contraction can be increased in 2 
ways.

1. Summation
2. Recruitment



• A muscle twitch can vary in height (strength) depending on 
the degree of stimulation.

• Summation- increasing muscle contraction, no relaxation, 
due to continuous stimulation.

Muscle Contraction in the Body



Contraction
• As the intensity 

of nervous 
stimulation 
increases, more 
and more motor 
units are 
activated.  This 
is known as 
Recruitment.

Muscle Contraction in the Body



• Tetanic Contraction- maximum sustained 
muscle contraction.

Muscle Contraction in the Body



Tetanic contraction continues until muscle
fatigues.

• Fatigue- depletion of energy (ATP) reserves.

Muscle Contraction in the Body



Muscle Contraction in the Body- Motor Unit
• A motor unit is a motor neuron and all of the muscle fibers 

that it innervates.



Muscle Contraction in the Body
• Tone- a state of contraction in which muscle fibers are 

always contracting; maintains posture.



Exercise and Size of Muscles
• Atrophy- a decrease in the size of a muscle 

because of disuse or lack of use.



• Hypertrophy- increase in muscle size.



Slow Twitch Muscle Fibers vs.
Fast Twitch Muscle Fibers



Section 7.4- Skeletal Muscles of the Body
Basic Principles
• Origin- the attachment of muscle to the 

stationary bone.
• Insertion- the attachment of muscle to the 

bone that moves.



Muscle Actions

• Prime Mover- muscle that does most of the 
work.

• Synergist- muscles that assist prime mover.
• Antagonist- muscles that work opposite of 

prime mover.



Naming Muscles
Muscles are named based on 7 characteristics.

1. Size- maximus, minimus, vastus, longus, 
and brevis

2. Shape- deltoid, trapezius, and latissimus
3. Direction of fibers- rectus, transverse, and 

oblique
4. Location- pectoralis, gluteus, brachii, 

lateralis, etc.



Naming Muscles
5. Attachment- sternocleidomastoid or 

brachioradialis
6. Number of Attachments- biceps, triceps, 

quadriceps
7. Action- extensor, flexor, adductor


