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Introduction
Trabecular bone
• Bones consist of an outer layer of compact bone
and an inner structure of trabecular bone.

• The trabeculae have an important mechanical function in the
load distribution within the bone.
� Mechanical bone properties are largely determined
at the trabecular level.

• Trabecular structure adapts to a change in load distribution.
• Bone failure, as well as adverse bone adaptation caused by
orthopaedic implants (stress shielding) is initiated at the
trabecular level.

• The structure, characterised by highly porous regions,
is affected by bone diseases (e.g. osteoporosis).

Figure 1 µCT scans of healthy (left) and osteoporotic (right) femur.
The loss of structure in the osteoporotic bone can be clearly seen.

Earlier work
•Micro-CT (µCT) and micro-FE-analyses (µFE) are
used to analyse the effect of microstructure on the macro-
scopic behaviour of bone.

• µCT enables the detailed imaging of the 3D structure
of in vitro bone specimen (see figure 1).

• These images are converted to FE-meshes, and used
for the linear analysis of whole bones ([1]).

• These analyses can only be performed at large
CPU-costs (3 years of CPU-time).

• In composite mechanics, homogenisation theories, like multi-
level FEM, are used to compute large, porous structures.

Problem
• FE analysis can not be used to perform a detailed whole
bone analysis as required for the non-linear characterisation
of failure behaviour and remodeling effects.

• Existing homogenisation methods assume periodicity of
the microstructure. This can not be assumed for trabecular
bone structures.

Aim
Non-linear analysis of whole bones, using a non-periodic
MLFEM method to include microstructural information.

Material and methods
Multi-Level FEM
• Homogenisation method as described by [2] and [3].
•Microscopically based model of macroscopic behaviour,
using the decoupling of micro- and macrostructural analysis.

•Macrostructure is defined as a homogeneous continuum.
• In every integration point, a spatial periodic,
representative volume element (RVE) is defined, which
accounts for the microstructure at that point.

• The RVE acts as the macroscopic constitutive law.

Procedure
• At macroscopic level, a coarse FE mesh is created.
• In every integration point, the deformation tensor
is used to prescribe the displacements in the RVE model.

• The average RVE stresses and stiffnesses are substi-
tuted into the macroscopic stiffness matrix.
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Figure 2 Graphic (upper part) and computational (lower part) repre-
sentation of the MLFEM procedure.

Future work
• Enable linear, analysis of a whole bone, using MLFEM techniques.
• Evaluate remodelling processes in large bone models.
• Test and evaluate non-linear, trabecular failure mechanisms.
• Study consequences of orthopedic surgery at trabecular level.
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