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¢ Developed to run on Velodyne, an explicit finite element solver developed by Corvid. = R
Limits simplifications and assumptions, all structural components of the body are <
explicitly modeled. ac L T. % T. %
¢ Lower extremity model consists of 28 bones, 26 muscles, 40 ligaments, fascia,
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¢ The force transmission through the foot changed when ligament stiffness was reduced.
Notice the gap that emerges between the calcaneus and cuboid. The ligaments between the
calcaneus and cuboid are especially consequential to load path through foot/leg.

** Material Stiffness:
= Musclex0.1,x10
= Tendonx0.1,x10
" Ligamentx 0.1,x10
" Heelpadx0.1,x10
= (Cortical Bone + - 25%
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¢ The variations in cortical bone stiffness and thickness suggests that ideal cortical bone to
prevent fracture would be flexible and thick. This could lead to an aging based study to see
how aged based changes to bone material properties and thickness effect injury, since aging
affects cortical bone thickness and causes bones to become more brittle.
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Conclusions

1. The CAVEMAN lower leg model shows most significant injury sensitivity to the variation
in ligament material properties and cortical bone thickness. A lesser sensitivity was
found with changes to tendon and bone material properties.

¢ Anatomical Geometry:
» (Calcaneus cortical thickness
shifted by 3mm and element
layer assignment.

(Ranges from a 15% to 85%
cortical bone volume change)

Injury Evaluation
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¢ Cortical bone failure dictated by a

. . 2. Ligaments that connect the calcaneus and cuboid appear especially important for the
2.2% principal strain value.

force transmission and injury likelihood for axial loading.

¢ Failure Description:
= Minor: Non-displaced, non-articular
= Severe: Displaced, articular

3. The CAVEMAN lower extremity model’s prediction of calcaneus fracture occurrence and
severity compares favorably to the PMHS dataset.

[1] Butz, K., Spurlock, C., Roy, R,, Bell, C., Barrett, P, Ward, A., Xiao, X,, Shirley, A., Welch, C., and Lister, K. (2017). Development of the
. CAVEMAN Human Body Model: Validation of Lower Extremity Sub-Injurious Response to Vertical Accelerative Loading. Stapp Car

Tt Crash Journal, Vol. 61
[2] Bailey, A. (2016). Injury Assessment for the Human Leg Exposed to Axial Impact Loading. University of Virginia, Department of

/ 9 Mechanical and Aerospace Engineering, PHD.. y

t:!.“‘n'ii
S

Ryan Neice, rjn7df@Virginia.edu
4040 Lewis and Clark Drive
Charlottesville, VA 22911




