
Isometric and isotonic contractions

.Isotonic contraction occurs when the force
of the muscle contraction is greater than the 
load and the tension on the muscle remains
constant during the contraction; when the 
muscle contracts, it shortens and moves the
load.

Isometric contraction occurs when the load
is greater than the force of the muscle 
contraction; the muscle creates tension
when it contracts, but the overall length of 
the muscle does not change.

Isotonic and isometric systems for recording muscle
contractions
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• Isotonic: muscle shortens. 
Important for:
1. For body movements
2. Moving external objects

• Isometric: no muscle shortening.
Important for:
1. Maintaining posture (keep

legs stiff while standing)
2. Supporting objects in a

fixed place

Isometric and isotonic contractions

5/4/2024
11

yes
,

isometric so use
,

Skelet
↑ ↑ muscle jI si#

Contraction
S
: &" :

I
& - tension

& Q ↑is's" T ① Tension (n)

-occurs when the force a

muscle contraction is greate
than the load being lifted +

② length of (b)tension remains constant

ly

Las is lifted muscle

& it scDri

i length

force of musche contraction , creating after load (loot)

2&· ① Sisurslw

S - load is greate then the & Contraction 110 is
tension &S

,
tension + no length changes.

③ligos I's,
-

posure so

No movements
- ①

↑ tensions I
, % Jgpst

· isometrics) is i lengh (10! Soci * Lactin so myssinsa

· tensions 59 is s Sacromere 11 Job jejes!

isometric-g JS 3
,

6

3. myosin heads 1 :
actin sl pu

->
contraction

· surome 1110
d Gedi tension 1195,5.

G
&

3

-
-E elestic eles amenta Japsl is s s is Geasig tension S1 is

elastic component
Component sacromere elastic y Job : isotonic (111 .

s.

[weight litting is opes?componen

contractedM sacromere 31s

shortening of muscle length 55I"L



no afterload:
• maximum velocity at

minimum load

increased afterload:
• contraction velocity 

decreases

contraction velocity is zero 
when afterload = max force 
of contraction

A

B

A: larger, faster muscle (white muscle)
B: smaller, slower muscle (red muscle)

Relationship of Contraction Velocity to Load

The force–velocity curve is generated from the study of isolated muscle during 
isotonic contractions
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Types of skeletal muscle
- speed of twitch contraction -

• Speed of contraction determined by
Vmax of myosin ATPase.
– HighVmax (fast, white)

• rapid cross bridge cycling
• rapid rate of shortening (fast 

fiber)
– LowVmax (slow, red)

• slow cross bridge cycling
• slow rate of shortening (slow 

fiber)
• Most muscles contain both types of 

fiber, but proportions differ
• All fibers in a particular motor unit will

be of the same type, i.e., fast or slow.

Figure-13

The duration of isometric contractions for different
types of mammalian skeletal muscles, showing a latent
period between the action potential (depolarization) 
and muscle
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Fast and slow fibers types

• Slow Fibers (Type 1, Red 
Muscle).
• Slow fibers are smaller than fast fibers.
• Slow fibers are also innervated by smaller nerve

fibers.
• Compared with fast fibers, slow fibers have a

more extensive blood vessel system and more 
capillaries to supply extra amounts of oxygen.

• Slow fibers have greatly increased numbers of
mitochondria to support high levels of oxidative
metabolism.

• Slow fibers contain large amounts of myoglobin

.

Fast fibers Type , white 
muscles

• Are large for great strength of contraction.
• have an extensive sarcoplasmic reticulum is present for rapid release

of calcium ions to initiate contraction.
• Have Large amounts of glycolytic enzymes are present for rapid

release of energy by the glycolytic process.
• Have less extensive blood supply than do slow fibers because

oxidative metabolism is of secondary importance.
• have fewer mitochondria than do slow fibers, also because 

oxidative metabolism is secondary.
• A deficit of red myoglobin in fast muscle gives it the name white 

muscle.
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Motor Unit
A collection of muscle fibers innervated by a single motor neuron

A motor unit consists of a motor
neuron and the group
of skeletal muscle fibers it innervates.
A single motor axon may
branch to innervate several muscle 
fibers that function together as a 
group. Although each muscle fiber is 
innervated by a single motor
neuron, an entire muscle may receive 
input from hundreds of different 
motor neurons.
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Motor Unit (cont.)
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• All fibers are same type (fast or 
slow) in a given motor unit

• Small motor units (e.g., larnyx, extraocular)
− as few as 10 fibers/unit
− precise control
− rapid reacting

• Large motor units (e.g., quadriceps muscles)
− as many as 1000 fibers/unit
− coarse control
− slower reacting

• Motor units overlap, which provides 
coordination

•
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Muscle Contractions of Different Force. 
 Force Summation.

• Summation means the adding together of individual twitch 
contractions to 

 increase the intensity of overall muscle contraction.
• Summation occurs in two ways:
•  (1) Recruitment of motor units by : increasing the number of motor 

units 
 contracting simultaneously, which is called multiple fiber summation

• 2) by increasing the frequency of contraction, which is called 
frequency summation and can lead to tetanization

• .
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