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Femoral bone implants
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From Benjamin JB, Lund PJ. Orthopedic devices. In: Hunter TB, Bragg
DG, eds. Radiologic Guide to Medical Devices and Foreign Bodies, St

Louis, MO: Mosby-Year Book, 1994, 348-385.
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A multiscale design problem

Microstructure requirements

*Porous labyrinths for bone in-growth
*Mechanical stiffness & strength
*Manufacturability

Macroscopic requirements
*Overall shape & size

*Mechanical stiffness and strength, including fatigue
*Minimal bone resorption

*Reduced shear stress along bone/implant interface
*Connectivity of microstructures

THE UNIVERSITY Sreer
OF QUEENSLAND reate Change
A 4

AUSTRALIA



Our approach

Design the microstructure
family first.

Each element in the
Mmacroscopic design uses a

microstructure from our set.
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Where is the mathematics?

Equations of solid mechanics
* Derivatives
* Integrals
« Simultaneous equations

displacement Young's

modulus
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Where is the mathematics?

feasible region

Optimisation Y i

 Derivatives
* Minimisation
* Feasible region

y = f(x)
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A sense of scale

Microstructure design

« Matrix equations

~ 780,000 unknowns
 Minimisation

~ 260,000 variables

Macroscopic optimisation

« Matrix equations = 16 million unknowns
* Minimisation = 2 million variables
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