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Shape?
• I. L. Dryden and K. V. Mardia. Statistical 

Shape Analysis. J. Wiley, New York, 1998.

• All the geometrical information that remains 
when location, scale, and rotational effects 
are filtered out from an object.



Hippocampal Shape in Schizophrenia

Classifier: Schizophrenic or not?

Healthy Schizophrenic



Related Work: Hippocampal Shape Classification
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• Surface of a voxel volume (i.e., a binary image)

• Spherical topology: correction if necessary
• Simple cases
• Bad edge connectivity
• Bad vertex connectivity: two cases
• 3D holes

Object Surface

Source: Kelemen TMI 18(10)



Topology Correction

Source: Brechbuhler

• Simple cases
- Disconnected components
- Holes inside the object

• Bad edge connectivity
• Bad vertex connectivity
• 3D holes



Spherical Parameterization



Harmonic Mapping
• Select two vertices for poles

• With maximal and minimal z coordinates

• Latitude from diffusion
• Grow smoothly from 0 at north to π at south

• Longitude from diffusion



Smoothing by Optimization



SPHARM Surfaces

(θ,φ) ↔ (x,y,z)

Area-preserving 
mapping



SPHARM Registration
• Scaling

• Dividing all descriptors by the scaling factor (SF)
• Translation

• Ignoring the degree 0 SPHARM term.
• Rotation: in the parameter space

• Dateline (φ=0) crosses the equator (θ=pi/2) at the positive end 
of the shortest main axis

• South pole (θ=π) is at the positive end of the longest main axis
• Rotation: in the object space

• The ellipsoid is rotated to make its main axes coincide with the
coordinate axes, putting the shortest axis along x and longest 
along z



SPHARM Registration

(a) Original objects (b) aligned parameterizations (c) aligned objects
Works only if FOE is a real ellipsoid



SPHARM Registration

Sall: 35 schizophrenics, 21 controls Srhm: 25 schizophrenics, 14 controls
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Dual Landmark Representation
• Uniform sampling for landmarks



Dimensionality Reduction:
Point Distribution Model
• Principal component 

analysis on landmarks

• 1926 landmark elements => 
55 features



Feature Selection

• PCV: variance accounted for
• PCTt: p-value from t-test on leave-one-out training set



Classification
• Feature Selection

• PCTt: reordering of PC using t-test
• Consider the first N features

• Classifiers
• Fisher’s linear discriminant (FLD)
• Linear support vector machine 

(SVM)
• Leave-one-out cross-validation



Best Results

(Cross-validation accuracy, Number of features used)



Shape and Volume
Left Hippocampi Right Hippocampi

Whole 
Set

Right 
Handed 
Males

NV: no volume
V0: absolute volume

V1: volume scaled by total brain tissue volume
V2: volume scaled by intracranial volume



Discriminative Patterns
• PCA + FLD • Contribution to v by 

landmark l



Discriminative Patterns
• PCA + FLD

• Contribution to v by 
landmark l
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Summary


