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the ability of a material to resist changes in length under tension or compression
also called “stiffness” or 
modulus of elasticity















• Bone cannot expand. Therefore, to 
get larger, it must be removed 
and remodeled. 

• Osteoclasts remove old bone.
• Osteoblasts make new bone.

Bone Remodelling







Muscle Architecture: Force vs. Speed
Force produced is proportional to # cross-bridges involved

Higher Force: More cross-bridges 
per cross-sectional area
Low Speed: Doesn’t shorten much

Lower Force: Fewer cross-
bridges per cross-sectional area
Speed: Many Sarcomeres in 
series, Shortens a lot



Biceps and Triceps 

Allows Triceps to have different 
muscle performance

triceps have three heads 
(attaches to Humerus/Scapula in 
three different places) - different 
gear ratios

Speed
force

Speed
Force

Muscle Fiber Velocity 
Anatomical 
Gear Ratio

Whole-Muscle Velocity
=
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 www.pnas.org/cgi/content/full/ 0709212105/DC1.

Azizi, Brainerd, Roberts (2008) PNAS 105: 1745-50

Muscle Fiber Shortening Velocity 
Anatomical 
Gear Ratio

Whole-Muscle Velocity
=

http://blog.hemmings.com/index.php/
2007/11/01/a-different-kind-of-brain-teaser/

Forget 5th graders - are you smarter than an auto mechanic?

http://blog.hemmings.com/index.php/2007/11/01/a-different-kind-of-brain-teaser/
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Angle changes, 
Thickness ++, 
More rotation 
Muscle shortens 
High AGR  
speed ++

Angle preserved, 
Thickness --, 
No rotation,  
little muscle shortening 
Low AGR 
More Force
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Angle changes, 
Thickness ++, 
More rotation 
Muscle shortens 
High AGR  
speed ++

Angle preserved, 
Thickness --, 
No rotation,  
little muscle shortening 
Low AGR 
More Force
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