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Constant coefficients

If

Dx → 0



  

Looking here

If

Dx → 0



  

How can we get the diffusion equation?

??
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Looking ahead
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Summary

Looking in the middle

Looking here

Looking ahead
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Diffusion equation

density of cells changes

because of birth/death

because of influx/outflux
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Diffusion equation

Fick’s law

If D is constant

u
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Original at 
ocw.mit.edu/ans7870/1/1.061/f04/animation/walk2.avi

Diffusion equation

# cells in the node at time t = # cells in the node at preceding time

# cells coming from neighbours+

# cells going to neighbours_

The dimensionally coupled systems presented in point 1.1a and the 
computational techniques in point 2a will be used to model 3D tissue and the 

file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/diffusione.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/walk2.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/esperimenti/mmc5.mov


  

Reaction-diffusion equation

=

# cells coming from neighbours

# cells in the node at time t # cells in the node at preceding time

+

# cells going to neighbours_

# generated (born) in the node+

# degradated (dead) in the node _



  

u changes
in time

because diffuses

because of  
birth/death

# cells in the node at time t

# advected with velocity v _
because it is 

advected

=

# cells coming from neighbours

# cells in the node at preceding time

+

# cells going to neighbours_

# generated (born) in the node+

# degradated (dead) in the node _Original at 
ocw.mit.edu/ans7870/1/1.061/f04/animation/ch6_cont.avi

Advection-reaction-diffusion equation

file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/corrente.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/convezione%20diffusione.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/CrestPlacodes/Papers/Theveneau2010/mmc5.mov


  

Fundamental solutions

Diffusione in R
n

Diffusione con crescita

Convezione-diffusione



  

Drug efficacy

When  u > u  in x0?



  

Population expansion

B

R(t)

Mout



  

Population expansion with growth



  

Breast tumour

Original at: 
www.maths.dundee.ac.uk/mbg/

Diffusion models



  

Inverse problems

Detection
threshold



  

K. Swanson
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Lobectomy

Detectable border

Not visible on imaging

Sagittal, coronal and 
axial virtual MRIs from a 
continuous motion 
picture of the recurrence 
of a “favorable” 
glioblastoma (unusually 
small, 1 cm in diameter, 
and unusually far forward 
in frontal polar cortex) 
following extensive 
resection of most of the 
frontal lobe. Thick black 
contours represent the 
edge of the gadolinium-
enhanced T1-weighted 
MRI (T1Gd) signal. Red: 
high glioma cell density; 
Blue: low density.



  

Loboctomy

Not visible on imaging

Detectable border

Sagittal, coronal and 
axial virtual MRIs from a 
continuous motion 
picture of the recurrence 
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in frontal polar cortex) 
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Blue: low density.



  

Control & optimization of chemotherapy

Giverso, Agosti, Ciarletta, Ambrosi, ZAMM (2018)



  

Control & optimization of chemotherapy

file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/gliomi/video/sezione%20orizzontale%20-%20Chemio%20a%207%20cicli%20senza%20legenda%20(parametri%20di%20letteratura).avi

