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 Abstract, Physiological systems are inherently complex, involving multi-physics 

phenomena at a multitude of spatial and temporal scales. To realistically simulate their 

functions, detailed high quality multi-resolution often patient specific models are required. 

Mesh generation has remained a central topic in finite element analysis (FEA) for a few 

decades now. Recent developments in high performance computing (HPC) driven by the need 

for multi-physics multi-scale simulations of physiological systems define new challenges in 

this area. Even though many algorithms have been developed over years and are offered as 

commercial packages, they are often limited to mechanical engineering applications only. 

Mesh generation for human anatomical domains requires more effective and flexible 

techniques to tackle their greater geometrical and topological complexities. We present an 

overview of several methods developed over years to generate unstructured body fitted multi-

domain adaptive meshes with geometrically and topologically compatible interfaces from 

segmented medical image data. We have evaluated these methods over years on several 

datasets by generating over a hundred of unstructured models of various organs and tissues. 

Although none of the presented methods are fully automatic solutions that can be applied to 

any input data in all possible cases, our evaluation aims to provide guidance in selecting the 

optimal method to generate a required anatomical model from segmented medical images. If 

topologically compatible interfaces between the domains are not required, the presented 

procedures work quite reliably, almost automatically, and do not require a highly trained 

software engineer to operate them. Human supervision is generally only required to decide 

about the mesh size and refinement parameters. It is, however, rather sensitive to the (lack of) 

resolution in the input data and features must be resolved with sufficient accuracy or the 

meshes may contain erroneous elements in those one-voxel narrow passages, under-resolved 

high curvatures or three-voxels small sub-regions. Rejecting such tiny features (most 

conveniently in the segmentation) that are anyway on the edge of uncertainty has always 

resolved such problems. To achieve topologically compatible interfaces while ensuring their 

high geometrical fidelity is not an easy task, both to implement and to operate. We found, 

however, that if the segmentation is of sufficient resolution and quality, and if the extracted 

geometrical surfaces are well conditioned, very good results can be achieved with optimal 

amount of user interaction.  


	Dominik Szczerba1,2, Gabor Szekely3

