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INTRODUCTION

Computational modeling and simulation is a important part of biomedical research.  However the development of quality model from medical imaging such as MRI or CT is a labor intensive task.  First requiring image segmentation to construct the geometries of the subject.  These geometries can then be fed into meshing software, individually meshed and then the user interactively selects areas that will be used in the simulation and creates a mesh group to identify this subset.  Finally the mesh can be introduced into the simulation software itself where the groups are used to apply the appropriate boundary conditions.  If it is later decided to use a different geometry or change the mesh refinement all of these steps must be repeated.

METHODS

A python script was designed, using Salome [1], to streamline this process of meshing and model assembly through automation.  Firstly an xml document is made that that contains the hierarchy of the anatomical image, that is the parts and any ties and contacts, and also the geometry files (stls) from segmentation, see Figure 1.  The hierarchical structure of this format is general and flexible enough to be applicable to a wide variety fields.  The all of the geometry stls are loaded and converted to Salome's simulation neutral 3D finite element meshes.  Then groups of nodes and elements are automatically defined.  The node and element sets are created based on inter-part proximity, the hierarchy described in the xml document, and the characteristic length of the input geometry segments.  This proximity can be further adjusted by the user by setting a multiplier in the xml input.

Continuing after these general finite element meshes are made the script goes on to create simulation specific assemblies of the these parts, specifying ties and contacts in the specific language of the simulation software packages.  The currently available options these include specific formatting for Abaqus, Febio, and the SOFA Framework, and could be extended to other formats with only moderate effort.

Because it is automated, decisions to change the input geometry or mesh refinement of one or more parts of the assembly are simple.  Update the xml with the new geometry file and the script will rapidly reproduce the model assembly for simulation.  Also parts of the assembly can be added or removed, by adding or removing a part from the hierarchy.  Additionally the script will provide a warning to the user should they introduce non-reciprocated conditions for contact and ties.
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Figure 1: An example of the connectivity of the xml for the tibia.  The proximity calculation can be adjusted by altering the multiplier parameter.

RESULTS AND DISCUSSION

Tests of this script were first performed using preliminary skin, fat, and muscle layers from Operation Multis [2], but a more complex set of geometries from OpenKnee[3] were also used.  The knee assembly allowed for incrementally increasing the complexity of the simulation by adding parts to the assembly that are not part of the essential mechanics, such as the menisci.  Figure 2 shows the groups that were created on the tibia by the script.
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Figure 2: A completed mesh of the tibia, showing the color identified locations of the ligaments and cartilage groups that were automatically created from the connectivity.

The automated assembly makes studies of mesh refinement easily accomplished by changing the files associated with each part in the xml document, see Figure 3, and re-running the script.  Additionally the simulation can rapidly be run in a alternative software packages to compare or confirm results.
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CONCLUSIONS

This paper presented a automated work flow for computational modeling and simulation that can be applied universally to the field of biomechanics.  This flexibility and generality allows a range of subject matter to be simulated with ease allowing the user to focus on the interesting questions the simulation is trying to explore.  

[image: ]
Figure 3: The automated model assembly allows for rapid mesh refinement studies.  Replace the coarse input geometry files with refined geometries.  Additional parts of the knee have been removed for clarity.
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