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In recent years, non-standard fictitious domain techniques [1] like the Finite Cell Method 
(FCM) have gained increasing interest in the context of high order methods or the integration 
of engineering design and numerical analysis [2]. One of the most important advantages of 
these methods compared to mesh-based finite element schemes is the possibility to 
circumvent any time-consuming mesh generation and to directly couple them to different 
types of geometric models. This feature yields the FCM particularly attractive for simulation 
of biomechanical structures, as these are often geometrically very complicated and thus 
difficult to mesh into finite elements. A very efficient implementation of the FCM is possible 
by pre-computation of (sub-)cell matrices, under the condition that material properties are 
constant in the corresponding geometric entities. As this is a natural assumption for each 
individual voxel of a geometric model obtained by e.g. quantitative Computer Tomography 
(qCT), the FCM has been successfully applied in a computational steering system for pre-
operative planning, i.e. an integrated software to interactively simulate positioning of an 
artificial hip joint in a human femur.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Compression wave propagating through a proximal human femur (snapshot from a 
forward simulation) 
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In this paper, a family of (l,p)-fictitious domain methods will be investigated, where l is the 
number of sub-cells in each spatial direction of one computational cell and p denotes the 
polynomial degree of the cell’s shape functions. The classical voxel finite element method [3] 
with tri-linear shape functions is thus a (1,1)-fictitious domain method, and even certain finite 
difference schemes can be classified under this definition. The aforementioned FCM typically 
uses higher polynomial degrees and spatial resolutions, e.g. l>4 and p>3. Applying now 
classical explicit or implicit time stepping methods these elastostatic schemes can be 
generalized to dynamic methods, where again a comparison of the higher order methods with 
standard FEM simulation shows excellent accuracy. They can efficiently be applied to 
simulate acoustic emission techniques (AE), which have recently been applied to investigate 
failure processes in the human femur [4]. Combined with time-reversed methods, which have 
been used successfully e.g. in seismic analysis [5], dynamic fictitious domain methods open 
the door to identify the location of potential micro-cracks in bones. This paper will outline the 
developed numerical methods, the workflow from qCT over AE to the definition of the 
geometrical model and show first promising results of the numerical simulations. 
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