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Design Mathematical Methods and Algorithms to Model and Analyze the Anatomy  
 

Ä Statistics of organ shapes across subjects in species, populations, diseasesé  
¸ Mean shape 

¸ Shape variability (Covariance) 
 

Ä Model organ development across time (heart-beat, growth, ageing, agesé) 

¸ Predictive (vs descriptive) models of evolution 

¸ Correlation with clinical variables 

Computational Anatomy  



Shapes: forms & deformations  

ñShape spaceò embedding [Kendall] 

Ä Shape = what remains from the object when we remove all 

transformations from a given group 

¸ Transformation (rigid, similarity, affine) = nuisance factor 

¸ Shape manifold =  quotient of the object manifold by the group action 

Ä Quotient spaces are non-linear (e.g. Rn / scaling = Sn) 

Ä Kendall size & shape space:  (Rn)d/ SOn  
 

Statistics on these non -linear spaces?  
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Morphometry  through Deformations  

4 X. Pennec - Shape symposium, June 13 2014 

Measure of deformation [DôArcy Thompson 1917, Grenander  & Miller]  

Ä Observation = ñrandomò deformation of a reference template  

Ä Reference template = Mean (atlas) 

Ä Shape variability encoded by the deformations 

Statistics on groups of transformations (Lie groups, diffeomorphism )? 

Consistency with group operations (non commutative)?  
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Longitudinal deformation analysis  

5 

time 

Dynamic obervations  

How to transport longitudinal deformation across subjects?  

What are the convenient mathematical settings?   

X. Pennec - Shape symposium, June 13 2014 

Patient A 

Patient B 

? ? Template 
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Outline  

Riemannian frameworks on Lie groups  

Ä Manifolds 

Ä Statistics 

Ä Applications to the scoliotic spine & registration accuracy  

 

Lie groups as affine connection spaces  

Ä The bi-invariant affine Cartan connection structure 

Ä Extending statistics without a metric 

 

The SVF framework for diffeomorphisms  

Ä Diffeomorphisms: LDDMM & SVFs 

Ä Longitudinal modeling of brain atrophy in AD 

 



Differentiable manifolds  

Définition : 

Ä Locally Euclidean Topological space  

which can be globally curved 

¸ Same dimension + differential regularity 
 

Simple Examples  

Ä Sphere 

Ä Saddle (hyperbolic space) 

Ä Surface in 3D space  

 

And less simple ones  

Ä Projective spaces 

Ä Rotations of R3 : SO3 ~ P3 

Ä Rigid, affine Transformation 

Ä Diffeomorphisms 
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Differentiable manifolds  

Computing in a  a manifold  

Ä Extrinsic 
¸ Embedding in ᴙ  

 

Ä Intrinsic 
¸ Coordinates : charts 

¸ Atlas = consistent set  

of charts 
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Ä Measuring? 
¸ Volumes (surfaces) 

¸ Lengths 

¸ Straight lines 

 


