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integrative approach
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musculoskeletal organization

Movement
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force-length
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force-velocity
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musculoskeletal organization

Fiber Architecture
Tendon Elasticity
Skeletal Levers

Sarcomere
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Effect of fiber architecture on
muscle performance

Optimal force production during
frog jumping




fiber architecture

Parallel Pinnate

Long Fibers Short Fibers

Large displacements More fibers

Specialized for
velocity

Specialized for
force




fiber architecture
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muscle shape changes
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muscle shape changes

Thickness increases Thickness decreases




muscle shape changes

Thickness increases Thickness decreases




muscle shape changes

Thickness increases Thickness decreases
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muscle shape changes

Thickness increases Thickness decreases

A Fiber =13% A Fiber =13%
AO =20

Gear ratio= 2

Do muscle shape changes favor force or velocity?




in situ preparation

Stimulus

Sonomicrometry

Fiber Velocity
Pinnation Angle
Muscle Thickness
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results
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results
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results

Gear Ratio (Vmuscle / Vfiber)
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Similar to an automatic transmission system, gear
ratio in pinnate muscles is self-regulated to better
match the mechanical demands of a contraction




force-velocity
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force-velocity
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force-velocity
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in vivo function

Image from Roberts et al. 1997




in vivo function
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Conclusion

Muscle shape changes can act as an automatic
transmission system to allow a single muscle to function
effectively across a range of mechanical actions
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Effect of fiber architecture on muscle
performance

Optimal force production during
frog jumping




anuran jumping

Roberts, Azizi and Abbott, Phil. Trans. Royal Society, 2011




anuran jumping

Roberts, Azizi and Abbott, Phil. Trans. Royal Society, 2011




anuran jumping
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d «x muscle work

muscle work= muscle force x shortening




hypothesis
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Significant muscle shortening will reduce force
production due to muscle’s force-length properties




methods: in vivo

Sonomicrometry _ _
Electromyography High-speed video
in plantaris muscle (500 fps)




methods: in vitro

Isolated muscle prep
sonomicrometry (fiber length)
Ergometer (muscle force)




sample jump

Takeoff

Time (s)




force-length data
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in vivo operating lengths
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in vivo operating lengths
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in vivo operating lengths
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optimal force production
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optimal force production
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in vivo operating lengths
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passive force
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passive force
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Conclusion

Lower passive stiffness enhances muscle
force production during a behavior that
requires significant muscle shortening
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significance

W/

Studies at intermediate levels of organization } Y

can help bridge the gap in our understanding \;0/
of muscle powered movements

Muscle Bone

An integrative approach can reveal novel Q/

features of the musculoskeletal system,

which allow organisms to circumvent the
constraints of the sarcomere
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