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Introduction: Human Body Models (HBMs) hold a great deal of importance in modern automotive
engineering. Physically, they encompass cadaveric models, animal models, crash dummies, and even
manufactured hard and soft tissue surrogates. Despite the development and commercial success of
biomechanical skeletal surrogates, demographically diverse representation of the skeletal microstructure
and inherent spatially variate anisotropic elasticity in HBMs has been amiss. With an abundance of
disease states and in vivo variability, the introduction of microstructural variability into manufactured
surrogates may be the next horizon. High performance computing (HPC) (Lopes et al., 2022) and
Additive Manufacturing (AM) technology have already enabled serious work towards this. The objective
of the current study is to provide the validated computational tools necessary for inverse microstructural
linear elastic pure anisotropy mimicry, and to yield insight into the situations in which such tools are
effective.

Materials and Methods: A level-set algorithm for topological shape optimization is developed, and the
classic inverse homogenization theory of strain energy volumetric averaging is followed (Sigmund,
1994). To validate efficacy on skeletal inverse homogenization, 24 cadaveric HR-pQCT proximal femur
scans are considered from publicly available data (Hazrati Marangalou et al., 2013). Central 4 mm side
length samples are selected by volume fraction from the femoral head, neck superior, neck inferior,
trochanter superior, trochanter middle, and trochanter inferior. As such, there are 144 unique cubic
specimens. Twenty materials are assessed for each of these specimens, resulting in 2,880 inverse
homogenizations. Constraint satisfaction and duration of inverse homogenization are the metrics of
interest. It is hypothesized that the foremost determinant of constraint satisfaction is material selection
rather than anatomic region, and that duration of inverse homogenization follows a similar trend.

Statistical Approach: Constraint satisfaction is a binary outcome and duration is a continuous outcome.
Material is stratified continuously via Elastic Modulus. Anatomic region is stratified as a categorical
variable. At each material and/or region, the data spread is assessed. Constraint satisfaction is modeled
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insightful characteristic curves for
constraint satisfaction and IH duration
with varying material elasticity is an
outcome of interest (Fig. 1).
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Results and Conclusions: At an o-level
of 1%, in materials with Elastic Modulus
between 2.98 and 36.6 GPa, there is at
least an 80% probability of constraint
satisfaction. This spans a broad range of
materials that can be additively
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photopolymers to glass filled Fig. 1: (A) 3D IH duration vs. E; and (B), Constraint
satisfaction vs. E.



composites. This work will lend insight into the considerations necessary when designing 3D
microstructures that mimic tensorial properties present in continuum mechanics. Undoubtedly, this has
implications on considerations for microstructural design in medicine, aeronautics, automotive, etc. It is
concluded that construction-material elasticity can be used to assess probability of successful inverse
homogenization in skeletal samples.



