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MUSCULAR CONTROL
OF MOVEMENT

MUSCULAR CONTROL
OF MOVEMENT

Smooth
Involuntary muscle; controlled unconsciously
In the walls of blood vessels and internal organs

Cardiac
Controls itself with help from nervous and 
endocrine systems
Only in the heart

Skeletal
Voluntary muscle; controlled consciously
Over 600 throughout the body

Types of Muscles

SKELETAL MUSCLE STRUCTURE A MUSCLE FIBER

A MUSCLE FIBER A MUSCLE 
FIBER
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A MUSCLE FIBER A MUSCLE FIBER

ARRANGEMENT OF FILAMENTS

ARRANGEMENT OF FILAMENTS 
IN A SARCOMERE

ARRANGEMENT OF FILAMENTS 
IN A SARCOMERE
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ACTIN FILAMENT

MYOSIN FILAMENT

AN ACTIN FILAMENT

Key Points

Myofibrils are made up of sarcomeres, the 
smallest functional units of a muscle.
A sarcomere is composed of filaments of 
two proteins, myosin and actin, which are 
responsible for muscle contraction.

The Myofibril

Myosin is a thick filament with a globular 
head at one end.
An actin filament—composed of actin,
tropomyosin, and troponin—is attached to 
a Z disk.

1. A motor neuron releases acetylcholine (ACh).

2. ACh binds to receptors on the sarcolemma.

3. The action potential triggers release of Ca2+.

Events Leading to Muscle Fiber Action

4. The Ca2+ binds to troponin on the actin filament, and the 
troponin pulls tropomyosin off the active sites, allowing 
myosin heads to attach to the actin filament.

EVENTS LEADING TO MUSCLE ACTION

When myosin cross-bridges are activated, they bind 
strongly with actin, resulting in a change in the cross-
bridge.
The change in the cross-bridge causes the myosin head 
to tilt toward the arm of the cross-bridge and drag the 
actin and myosin filaments in opposite directions.

The tilt of the myosin head is known as a power stroke.

The Sliding Filament Theory

The pulling of the actin filament past the myosin results in 
muscle shortening and generation of muscle force.
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ACTIN AND MYOSIN BINDING CONTRACTING MUSCLE FIBER

Key Points

Muscle action is initiated by a nerve 
impulse.

Muscle Fiber Action

Ca2+ ions bind with troponin, which lifts the
tropomyosin molecules off the active sites 
on the actin filament. These open sites 
allow the myosin heads to bind to them.

(continued)

The nerve releases ACh, which allows 
sodium to enter and depolarize the cell. If 
the cell is sufficiently depolarized, an 
action potential occurs which releases 
stored Ca2+ ions.

Key Points

Once myosin binds with actin, the myosin 
head tilts and pulls the actin filament so 
they slide across each other.
Muscle action ends when calcium is 
pumped out of the sarcoplasm to the
sarcoplasmic reticulum for storage.

Muscle Fiber Action

Energy for muscle action is provided when 
the myosin head binds to ATP. ATPase on 
the myosin head splits the ATP into a 
usable energy source.

CONTRACTING 
MUSCLE FIBER
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CONTRACTING MUSCLE FIBER Motor Unit

Muscle

Motor Neuron
A motor neuron and the
muscle fibers that it innervates

RAMPLIKE RECRUITMENT OF FIBERS
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Structural and Functional Characteristics of Slow Twitch
and Fast Twitch Type A and B Skeletal Muscle Fibers

Muscle Biopsy Needle
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Twitch Tension
Unfused Tetanus

Fatigue

Motor Unit

Muscle

Motor Neuron
A motor neuron and the
muscle fibers that it innervates


