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Case studies:

ÅCardiac models

ÅCerebral aneurysm models

ÅMusculo-skeletal models

ÅLens & whole eye models

VPH/Physiomeinfrastructure

Talk plan

1. Population

2. Whole body

3. Cell-tissue-organ

4. Pathways & networks

5. Atomic & molecular

Scales:

Perception/acceptance

Future biomed applications

Future clinical applications

Directions for modeling

Standards, open source

Peer review

Charge: Look at ..



1. Myocardial mechanics

5. Coupling .. Mechano -electro -fluid model

4. Myocardial activation

2. Fluid mechanics

3. Coronary flow

Cardiac models
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3D cardiac cell models

Vijay Rajagopal, Mark Ellisman, Peter Kohl



Derive 
diagnostic 
index or 

treatment 
strategy

Image 
toolkit

Visualisation 
software

Segment 
images

Model
repository

Computational 
software library

Compute 
organ function

PACS
system

Fitting
algorithms

Fit model from 
virtual populat.n 

database 

Load patient 
DICOM images

Clinical workflows 



Personalised models, Multi-scale, Population databases

Aim for clinical trials within next few years

Clinical applications
Berlin Heart
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Cardiac Atlas Project (NIH funded)

ωwww.cardiacatlas.org

ωStructural and functional atlas of the heart 

ωCardiac MRI examinations

ωFit model to each case and then derive subject specific 
functional analyses and associated clinical variables

Alistair 
Young

http://www.cardiacatlas.org/


CAP database



Cerebral aneurysm models

An intracranial aneurysm with CTA scanning 
(55 yr old male patient)

How should this aneurysm be treated?  

ωClipping?

ωEndovascular treatment?

ωOthers (e.g. ligature)?



Blood perfusion with Digital Subtraction Angiography (DSA)



Aneurysm model construction

Volume image     Ҧ      ǎǳǊŦŀŎŜ ƳƻŘŜƭ



Define boundary conditions

Inflow: pulsatilevelocity



Wall shear stressParticle streamlines



Validation: flow patterns

Particle tracking: 

Particle size: 20ɛm

Density: 2300kg/m3



Wall mechanics

Shear Stress

Compensatory Vascular Tone

Growth and Remodelling

Aneurysm



Tissue to cellular

Cummins et al. (2007) Am J Physiol Heart Circ Physiol:292, Fig 1.

Endothelial 
Cells

NO prostacyclin
others...

VSMCs

PDFG-BB

Shear stress



ωMultiple pathways with significant crosstalk

ωMultiple cell types 

ωMultiple networks on multiple time scales

ωEmergent properties important

ςBiophysically-based systems biology approach necessary

ωLibrary of biochemical module models

ωReparameterisedand reused

Approach



Musculo-skeletal models

Subject-specific modelling of gait dynamics in orthopaedic research

Bone 

remodelling

Osteo-

arthritis

Subject-specific

loading

Joint  

degradation   

with age

Morphological

Alterations

Pathological

gait

Bone 

deformities

Cerebral      

palsy



Subject-specific 

anatomy

FE ANALYSIS

CONTINUUM MODEL

Force boundary

condition

BONE REMODELLING

Mechanical 

stress

CELLULAR MODEL

DYNAMIC GAIT SIMULATION

MULTIBODY SYSTEM

Gait  kinetics &

kinematics

Workflow





ABI Gait research

Muscle architecture 

in CP1 Muscle deformation 

during walking2

Medical education  

www.gaitworld.com

1Oberhofer et al., Clinical Biomechanics, 2009, online first

2 Oberhofer et al., The Visual Computer, 2009, 25(9), 843-851



Principal component analysis

PC1 - 97% PC2 - 0.94% PC3 - 0.82%

17 left femurs



Multiscalemodeling of bone 

David Smith, UWA



Lens & eye models
Medical therapies for cataracts

Paul Donaldson, Marc Jacobs and Ehsan Vaghefi



Lens structure

Anterior Pole

Posterior Pole

Equator

Epithelial Cells

Fibre Cells



3D structure of lens sutures using diffusion tensor imaging



Extracellular pressure (KPa) Intracellular pressure (KPa)

Modeling mechanics of lens shape changes



Lens function: the internal circulation system
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Differentiation  dependent changes in the subcellular
distribution of gap junctions



Osmotic stress changes the subcellulardistribution of P2X4

Isotonic condition

(Normal)

Hypertonic condition

(Cell shrinkage)

Hypotonic condition

(Cell swelling)



Calcium influx and initiation of cataract
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An integrated eye model



VPH/Physiomeinfrastructure

Individual models

ÅPandit et al. (2001): Cardiac electrophysiology 
- ion channels, pumps, sarcoplasmic reticulum 

ÅHinch et al. (2004): Calcium regulation 
ςLCC channels, dyadic space and RyR complexes

ÅNiederer et al. (2006): Myofilament mechanics 
- calcium binding to troponin, tropomyosin kinetics 
and cross-bridge dynamics.

Modeling multiple cell processes



Pandit et al. Model of cardiac action potential

www.cellml.org/models/pandit_clark_giles_demir_2001_version11

Pandit SV, Clark RB, Giles WR, et al. A mathematical model of action potential 
heterogeneity in adult rat left ventricular myocytes. Biophys J81(6):3029-51, 2001.

http://www.cellml.org/models/pandit_clark_giles_demir_2001_version11




www.cellml.org/models/hinch_greenstein_tanskanen_xu_winslow_2004_version02

Hinch et al. Model of Ca-induced Ca release 
Hinch R, Greenstein JR, Tanskanen AJ, et al. A simplified local control model of 

Ca-induced Ca release in cardiac ventricular myocytes. Biophys J87:3723-3736, 2004. 

http://www.cellml.org/models/hinch_greenstein_tanskanen_xu_winslow_2004_version02




www.cellml.org/models/niederer_hunter_smith_2006_version02

Niederer et al. Model of myofilament mechanics 
Niederer SA, Hunter PJ, Smith NP. A quantitative analysis of cardiac myocyte 

relaxation: a simulation study. Biophys J90(5):1697-722, 2006.

http://www.cellml.org/models/niederer_hunter_smith_2006_version02



