Simulation and Visualisation Technologies ﬁimBio
“Concertation” Meeting of IST R&D Projects
13 November 2002, Brussels Project 10378

SImBIio: A generic environment for bio-numerical ssmulation
Overview G. Lonsdale*
1. Introduction to the Project
2. Review of latest developments
a. SimBio Materials Database
b. EM Source Locdisation )  component
c. Head Mechanics __ developments
d. Knee Mechanics asappliedto/
3. Future Directions - ginpgc_:tl g Ol'f‘ thet.
4. Concluding Remarks TS0 apPIEAstions

* C&C Research Laboratories, NEC Europe Ltd. http://www.ccrl-nece.de

Empowered by Innovation N E'

http://www.simbio.de



. 1 Funded by the European Commission
SI m B I O Duration: 1st April 2000 - 31st 2003

http://www.simbio.de Extension: 30th June 2003

Expected Promotion of HPC within the medical
Impact: sciences.

Actual scan data from patients
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e g Proposal - NAS-extension «Sim )
ST (Action LineST-2001-VI11.1.6) Bio
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Site-independent evaluation and validation

Recent/Ongoing work :
I m age %m mt a't i On T OO| =+ fhome/fsimbioftmp/Bozo-Amiens/ioshiba testxml SEITTETIT TR TIEEEEUITTEEEEIt
- simplify manual

o /Expert
segmentation for & e
evaluation of the SimBio R
Tools R2 - 091561
Image processing o
Verification Tool - o/
auxiliary tool for e
analysis of sesgmentation -
results
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SimBio Environment Components
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(P Visualisation

information
society
technologies

VM Tool

(developed in SImBio
Workpackage 5)

- further examples shown later

ﬁimBio

Project 10378

Collabor ation with caesar:
SimBIo extensionsto the Julius

T ool

SmBio relevant M odules

* Vistalmport
* Phantom Support

» Flythrough Generator

» Stereo View

http://www.simbio.de
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Julius & Julius Light
Avallable at

www.julius.caesar.de

Vearsionsfor Irix, Linux,
Windows2000 and
WindowsNT

Flythrough Results

SimBio
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SImBio M aterials Database

 MS-Access 2000

e SIMBIo requirements :
— Classical : single/multiple parameters
— Curves €< - raw data

e Source:
WP2 Experiments + literature (digitized curves)

Brain tissue: pia mater

Meniscus: E =f(v)

Ratio E10/E200 (+/- SEM)
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SImBio M aterials Database

peme

/_ |5pef""' _\

Tablesto «locate » —Simple parameters =

:
the results N e — one parameter model
eln vitro/in vivo e (Resistivity, Young's
OSpECIG-S - Eum:Ej;s;te J mOdUIUS)
« Location (eg brain) o protocil . —Complex models:
*Tissue (eg Pia M ater) -- : viscoelastic ...
Mum_¥ievit I i
linviro_Invivo | —Curves - raw data

Temperature ()
Mecha_Exp_Tvpe
Mecha_Cualit_Pro
Mecha_Quankit_Pi
Mecha_Lnit1

Mecha_Quantit_F‘lll

Mum_paper
Author
Journal
Feference

O
Prim_key -
= | [um_paper
Murn_specie
Mum_location
Murn_tissue
Muarn_ Wit
Mum_protocol
Mechanical/els
Mecha_Mn:ndel';I

Pr otocol
— Distinction: Biomechanical protocol /
Bioelectrical protocol

— Anisotropy : which direction ?

In general related to fibers (collagen, axon ...)




SImBio M aterials Database

Microzoft Access - [Queryl10]
| File Edit View Insert Format Records Tools Window
|- ESRY | 2Ry

8] x]

&

Reference

Location and tissue
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“imBio | nver se toolbox

i

A=-N=-T
© Coreof theinversetoolbox i B R v
Concept of abstract classinterfaces; — [ZmsmereEes o r——

EEGNeuroFEM EEG...

Flexible, modular, outside algorithm

anAbstractGridGenerator

= N

are easy to adapt ey | Er— enAbstractAyzer

GeneratorNeuroFEM|| ~ VolumeSphere InverseDiscrete
| T

an...Grid anGridGenerator
|_GeneratorBEM ||  SurfaceSphere

anAnayzer anAbstractAnalyzer

O Sensitivity analysis software il ot
s e

Regularizer Weighter

i || Lot
TruncSVD Weighter L eadfidl dNormalization
Tikhonov Loreta

/




sy,

Coupling of inver setoolbox to Neur oFEM

O Serial and parallel NeuroFEM:
eparallel PILUTS solver
eparallel AMG solver (Pebbles)

O Loose (File) coupling:

. Serial part
Pre computed forward solution

)



(Simsio

Sensitivity Analysis (BIOMAG 2002, Jena)




Sensitivity Analysis (BIOMAG 2002, Jena)




formatio
socie

e grid generation with
Vgrid -cortex only

172 812 vertices
e 746 060 tetrahedra

\sches Zen,,
A

g?fﬁgﬁiq =
_é;g% 3

Biomagng
eusr

m-—w’\/v W Ny
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Grid generation (FEM)

viewed with VM




ﬁimBio

Diffuson Tensor Scan

Project 10378

e first DTI scansof rabhbit
head/brain performed
(in-vivo)

 improve accuracy by
taking into account
Imaging gradients

e use of an optimal DTI-
acquisition scheme
(icosahedron)

e USiNg anisotropy
information in FEM model

http://www.simbio.de 20
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Maxillo-facial surgery

N

Pre- and post surgery
Courtesy Dr. Dr. Th. Hierl, Clinic
for Facial Surgery, University
Clinic Leipzig.

= Finite Element
|dentification of Modelling

sub-structures
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Results - Improved Surface Smoothing
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SHE Neuroanatomical
| Tetrahedral Skull Mesh Structure (Surface Mesh) | 23




“‘SimBio

boundary conditions Project 10378

Semi-Automatic setting of

1) Filtering: connected mesh components. ﬁ |
2) Halo Positioning. 0
3) Apply Forces. I} i:;;

4) Apply Boundary Conditions.

o
Skull surface w. halo screws

Empowered by Innovation N E‘ 2 4
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HeadFEM
Computation.
Components
of the Stress

Tensor:




. . Simp;
Cfg Inverse Biomechanical ( Bio
fes M 0 deIS Project 10378

soci
technolog

» Objective:
develop methods to invert for structural changes within
subsequent medical scan data

e Approach:

apply bio-mechanical modelling (registration with suitable
constraints) by incorporating realistic material parameters

Toolbox contains
e consistent, linear-elastic image registration, viet3d
o fluid dynamic image registration, vfluid3d
 post-processing of vector fields
 vector field application, vassignshift3d
 vector field analysation, vcpdetect

C = * pre-processing for visualisation
s o  overlay vector fields on meshes, vmaddvf

http://www.simbio.de 26



(?;‘r;g) Inverse Modelling:
= Focal Brain Lesions

ﬁimBio

Project 10378

http://www.simbio.de
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ﬁimBio
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Structural Reorganisation after Brain Damage

.+._.
(€ =

http://www.simbio.de 29
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“"imsio

Project 10378

* Why segmentation by low
level processing?
— Hexible, fast computation
— Workswell for brain
— No ‘guaranteed’ solution. Solution
by experiment.
— Not obviously suitable for knee

» \Why segmentation by registration?
— Generic:- a clear methodology
— Mapping of predefined meshes
— Requires preparation of areference

Image and reference segments and
meshes

— Slower than low-level methods.

31

http://ww.simbio.de Sheffield Teaching Hospitals [\'/253
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Sum-of-squares Quality Measure Project 10378

Non-linear registration - Using a

« Explicitly differentiable Quality measure | However: A classof images
e Fast computations for which the sum-of-squares
e Sensitive - to  intensity mismatches | quality measureis
between target and template appropriatearebinary
images

o All images are binary images if
an extradimension is added

Treat 3D intensity images as 4D
binary images

— Small increase in computational over heads

— Large increase in robustness compared to
treating the images as intensity images

32

http://ww.simbio.de  Sheffield Teaching Hospitals NHS

MHS Trust



- Simp;
E Example: Non-linear registration r BiO
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- Project 10378
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ﬁimBio
Mesh Generation Project 10378

 Image mapping can be applied to FE mesh
- Using vtranspose algorithm

o Permits FE template mesh to be morphed
- To produce patient-specific vista mesh

Transformed mesh;

Template mesn Patient MNO3

o A

ht:/www.si mbio.de 34
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( %) Kinematic Modelling

The objects of
Interest are
segmented from
dynamic scans
ht 35
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GEE B Kinematic Modelling

f
techno

o
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SI mUI atl Ons Project 10378

Lateral view of lower limb system flexing in rig

Oct26rig.qt

Superior view of cartilages flexing in rig

simbioknee_rig_no_men_oct26cart.qt

Posterior view of bones flexing in rig

simbioknee_rig_no_men_oct26p.qt

—3D model of lower limb / foot plate system

— PAM-SAFE™ - run on SGI Origin 2000 (4 250 Mhz R10K processors,
2560 M b)
» CPU time 20.5 hoursusing 3 processors
o 2092 solid elements, 17,324 shell & 46 bar/beam elements

— PAM-GENERIS ™ with SimBio extensions for data
preparation (interfacesfor Vista) JJ__H

“IEST GROUP

THE VIRTUAL TRY-OUT SPACE® COMPANY

http://www.simbio.de 37
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GEMSS: GRID-enabled Medical Simulation Services

Project Duration: 30 months, Commencement: 1.9.2002

Grid Simulation  Bio- Medical | EF=bkl
Software /Imaging numeric Expertise [Ascois
/solutions Software modelling

Medical smulation service Portal
+ networ ked compute resour ces

g,\?,e irr_,jdt?ed) Simulation Service System

<———> | GRID SW (interface)

GRID Applications SW
processing SW
GRID SW
7

(service use)
Internet
or Intranet

Could also be moved
to the services portal



“imsio

© Futureco-operation Related to Sour ce localisation

HTSC (Homme, Technologie et Systemes Complexes):

Une nouvelle approche de localisation de sources en EEG chez |’ enfant.
Objective: Adaptation of inverse methods to the needs of small children
Partners. CHU Amiens, UTC Compiegne, MPI-MIS Leipzig, A.N.T., ...




¢ Jr@ Radiotherapy planning ﬁimBiO

- & Dose M I nl ml Satl on Project 10378

STHT has anew combined low resolution CT &
functional image scanner (‘ hawkeye’') without the
need for registration.

The new SImBio nonlinear registration techniques
will allow this to be registered to the radiotherapy
planning high resolution scan.

The combination of these steps allows a much more
accurate localisation of the tumour - allowing a
reduced and more effective radiation dose.

http://www.simbio.de 41



Treatment planning:

Unregistered data set




Treatment planning

Non-linear registered data sets




Treatment planning:

Applications also exist for enhanced visualisation and
therefore more accurate tumour staging

Pet scan mapped onto Pet scan mapped onto
Hawkeye CT Radiotherapy CT
eTT - __1_‘2':?\‘_:}‘._&
I W
1
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Concluding Remarks

* The SimBio environment combines medical imaging
& FEM techniques with up-to-date HPC technology

o All software components are in place and the final
evaluation and validation phase is proceeding

» The evaluator applications show the impact of bio-
numerics for improving medical understanding and as
atool for non-invasive diagnosis and planning of
clinical procedures.

e Future trends: extended medical/clinical trials and
demonstrations; using Grid technologies to provide
access to such technologies

http://www.simbio.de 45



