
Ligament Biomechanics 



Ligament and Tendon Injury Mechanisms 



Composition and Structure of Tendons and Ligaments  
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Mechanical properties of tendons 

E 

Modulus of Elasticity: 109 N/m2 
Hysteresis: 7% 

For comparison, E for two other 
materials: 

•  rubber = 106 N/m2 

•  steel = 1011 N/m2 



Tendon: Internal Architecture 

collagen fibril (20-150 nm), collagen fiber (1-50 µm), primary (15-400 µm), secondary (150-1000 µm), 
tertiary (1-3 mm), tendon(2-12 mm) 



Tendon: Internal Architecture  

  crimping of tendons: 
  a wavy formation within 

fascicles 
  varies and irregular along fibers 
  believed to result from 

crosslinking of proteoglycans 
  disappears when stretched and 

reappears when unloaded 
  removal of crimp dominates 

low strain range (<4%) 





Tendon: Biomechanics 

  Biomechanical characteristics of tendons: 
  tensile strength: due to molecular and 

supramolecular organization of collagen 
  adequate flexibility: elastin fibers 
  inextensibility: efficient transmission of force from 

muscles to bones 
  inferior resistance again shear and compressive 

forces 
  Adaptation 

  tension in all directions: fibers interwoven 
  tension along one axis: parallel ordering 



Tendon: Mechanical Properties 
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Tendon: Biomechanics 

  Effect of increasing tissue cross-sectional area on load-extension: greater 
load, greater stiffness 
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Tendon: Biomechanics 

  Effect of increasing tendon length on load-extension: less stiff, similar 
strength 
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Tendon: Viscoelasticity 
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Rate dependency (rat tail tendon): 

low-rate 

high-rate 



Tendon: Viscoelasticity 

Preconditioning 

Steady state develops after 10-20 cycles 



Disuse, ligaments 


