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The Physiome 
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– the physiome describes the physiological dynamics of the normal 
intact organism

– the term comes from "physio-" (life) and "-ome" (as a whole) 
– broadly, it should define relationships:
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– integrated models of components of organisms, such as particular 
organs or cell systems, biochemical, or endocrine systems



Life is Multiscale



Modelling the Human Physiome
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– from the body to the organ to the cell and beyond …
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– from a lifetime down to nanoseconds 



Simplification
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The Human Puzzle
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The Human Puzzle



Paradigmatic Shift in Biomedical Research

Complement 
Reductionism

with 
Integrationism



Integration across ….

sub-systems



Integration across ….

dimensional scales

Organism (7)

Organ System (6)

Organ (5)

Tissue (4)     

Cell (3)

Molecule (2)

Atom (1)

C C

H H

H H

temporal scales



Integration across ….

disciplines

Medicine

BioEngineeringBiology



Virtual Physiological Human (VPH)
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– we call this framework the Virtual Physiological Human
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– descriptive
– integrative
– predictive
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DIKW Pyramid
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VPH Infostructure
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The Physiome Concept - Musculoskeletal



ImplicationsImplications



Data Explosion
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– data sets are becoming larger
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– overall data demands escalating
– data compatibility across scales is important
– registration issues
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– compatibility of computational resources for processing the data
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Computers and Infrastructure
� ���������������	������

– data, software, computers
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– allocation of computer time on HPC resources
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– suitable search capability (semantic search)
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– appropriate previews
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– inter-operable and flexibly combined software
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– molecular simulations may take several days even using HPC

� ��	���
������������������������������



Impact on HealthcareImpact on Healthcare



Patient-Specific Medicine
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– this must be combined to aid the clinician to interpret it
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– some data can be collected only by highly invasive techniques
– data from cadaver studies can be scaled to the patient using generic 

atlases
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– particularly useful for therapy using combinations of treatment (e.g. 
multiple drugs)
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– recent legislation designed to help is actually making these more 
difficult and more expensive



CCGV activities in VPHCCGV activities in VPH



CCGV – 5 Main Areas of Focus
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– Gordon Clapworthy
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– Dr. Baoquan Liu
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– Dr. Enjie Liu
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– Prof. Feng Dong
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– Prof. Edmond Prakash
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CCGV – Current EC Projects
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– similar to the previous successful STEP project



General Description of Work

� ��������		����	�����������������
�����	��������	����

– work closely with users
– tools may involve visualisation, modelling, image analysis, etc.
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Medical Visualisation
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– CT, MRI, PET, etc
– CT is good for bone, MRI helps to distinguish better between 

different forms of soft tissue
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– like a set of playing cards
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– each tissue type has a characteristic grey value
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– volume visualisation:
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Characteristics of Medical Visualisation

� ���������	������	
�����	�������
�����

– often methods use shortcuts such as precomputation to reduce 
demands in interactive applications
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– however, the GPU architecture often imposes bottlenecks that 
have to be carefully avoided for efficient GPU usage



Our Approach

� �������������
– ensure all ray fragments are of equal length
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– voxels represented by spheres, which simplifies some  of the 

computation

� ��������)�����������	�������	��	������	�

� 
	������������)���������������	���	���
��	����������

� 
��������������������	����������	������	����	��

� ����	���
���)�������������



Quality Comparison

standard approach, 
finite differences

standard approach, 
Sobel filter 3x3x3

our approach, 
Sobel filter 3x3x3



Quality Comparison

Marching Cubes Our method



VPH2 – Heart Failure
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– difficult for the heart to beat
– regurgitation through the valves
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CCGV Tasks in VPH2
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– data is of low resolution (8mm slices)
– data capture not instantaneous
– standard techniques of surface reconstruction could not cope



VPH2
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– indicates areas of necrotic tissue  



VPH2 – create incision
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VPH2 - repair
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VPH2 – still to do
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– see if revascularisation is appropriate
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– new shape, volume, etc., of ventricle



ContraCancrum
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– we concentrate here on the GPU work



Tumour Growth Simulation
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– this can be adjusted to any particular clinical case through assigning 
appropriate values to its parameters.



GPUs
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Performance Improvement
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– a speed-up factor of ~150
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– a speed-up factor of over 500 



VPHOP - Muscle Wrapping
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– in most cases this is a straight line joining the 
attachment points of the muscle to the skeleton
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– the line of action is now more complex but 
generally still formed from piecewise straight 
lines



Wrapping the Line of Action
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– spheres, cylinders, etc.



Creating the Muscle Volume
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Fibre Orientation
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Large Volume Data

� 
�������������������	
��������������������

� 
�������� 
	������������
�������������	���	���

– multiple sets of data held in memory simultaneously

� �	
�������
�������������������
�
	��

– the computer cannot hold all of the data, it must choose which parts 
are required at any particular moment and ensure access to them
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– out-of-core techniques
– preprocess the data to create a suitable structure
– shift it in and out of memory as required



Conclusion
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– not yet, expect significant progress in the next 10 years
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– highly dependent upon industrial uptake
– some specialised companies already created in the USA, particularly 

in pharmaceutical industry
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