Bio-numerical simulations with SimBio: project aims and results

 The Simbio consortium

Abstract

The SimBio project  produces a generic simulation environment for advanced clinical practice and health care. A key feature is the input of individual patient data to the modelling and simulation process. The project evaluation & validation will demonstrate improvements in: non-invasive diagnosis and pre-operative planning, design of prostheses and of the operative procedures for their implantation. The SimBio environment components are: discrete representation of the physical problem; numerical solution system; inverse problem and optimisation; visualisation. The SimBio environment is designed for execution on parallel and distributed computing systems, particular attention being paid to component interoperability. The compute-intensive environment components will be implemented on HPC platforms. Future SimBio users will be able to add application specific tools to improve practice in many areas.

The SimBio Environment

The SimBio project (“SimBio – a generic environment for bio-numerical simulation”, project number IST-1999-10378) is a three year research and technological development (RTD) project financed by the European Commission’s Information Societies Technology (IST) programme. The project commenced on April 1st, 2000. 

The central objective of the SimBio project activities is the improvement of clinical and medical practices by the use of numerical simulation for bio-medical problems – “Bio-numerical simulation”. Building on existing experience with particular applications, a generic simulation environment is produced which will provide an innovative enabling technology for advanced clinical practice and health care. A key feature in the SimBio project is the possibility to use individual patient data as input to the modelling and simulation process - in contrast to simulation based on “generic” computational models.

In order to meet the computational demands of the SimBio environment simulations, the compute-intensive environment components are implemented on High Performance Computing (HPC) platforms. The interoperability of the environment components is realised with a portable object-oriented interoperability architecture, using CORBA and XML, since the environment components may be executing on distributed, heterogeneous systems. The SimBio environment is comprised of the following components:

· Geometric model generation

· Numerical solution system

· Visualisation module

· Inverse problem toolkit

· Material database

The generic environment will be validated and evaluated by three specific applications, which are then able to provide a demonstration of the impact of SimBio employment within the clinical and health care area. The SimBio applications are:

· electromagnetic source localisation within the human brain based on electroencephalography (EEG) and magnetoencephalography (MEG) measurements at the surface of the head;

· bio-mechanical simulations of the human head, including modelling of neurodegenerative diseases;

· the design of novel replacement parts for the menisci of the human knee joint and methods for their surgical implantation. 

Example result related to maxillo-facial surgery

In an ongoing SimBio collaboration between MPI, NEC and the University of Leipzig (Centre & Clinic for Dental, Oral & Facial Surgery) a study is underway to investigate the magnitude of the forces that are present during the sequence of operations to relocate the human jaw.  A simulation based on a bio-mechanical model can be used to optimise this procedure.

The Figure below shows the result of a parallel simulation to model the forces that are applied to the head, particulary to the skull, by a special surgical device, the so-called halo. The halo is tightly fixed to the head, thus deforming the skull. 
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Figure : Computed forces on the skull generated by the halo device. 
Concluding remarks

The technological development within SimBio has a focus on the construction of a generic simulation environment whose component-based distributed interaction allows for the interworking of technological expertise, from clinical through to engineering and computing systems, in order to provide full solutions to medical, and medical industry, problems. The motivation is to improve the quality of health service that can be delivered to society: a particular strength being the replacement of invasive diagnosis by non-invasive simulation-based techniques.

The SimBio Consortium:

· NEC CCRLE St. Augustin
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· Engineering Systems International Paris

· A.N.T. Software B.V. Enschede

· Biomagnetic Center Jena

· Sheffield University

· CNRS DR-18 Amiens

·  Smith+Nephew York

· Collaboration partner:  CAESAR Bonn
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