








Geodesic distances >> Euclidean distances 



0. Segmentation 
1. Make topologically 

correct mesh 
•  Homeomorphic 

with a sphere 

Make Mesh, 
Fix Topology 











A Surface-Based Coordinate System 



2. Create a spherical 
map 

Make Mesh, 
Fix Topology Spherical map 







3. Surface registration 
and re-parameterization 
• Re-parameterized 
points correspond 
anatomically across 
subjects 

Make Mesh, 
Fix Topology Spherical map 

R
egistration 



Step 1: Make a map (or maps) 
 curvature, sulcal depth, ?? 

Step 2: Rough alignment 
 simple rotation, translation, scaling 



Step 3: Align to a (sulcal) atlas - Landmarks 



Step 4: Local alignment to reduce RMS error 
– Elastic energy, fluid flow, diffeomorphisms 
–  Issue: deformations must be constrained to 

avoid flips 



3. Compute metrics in 
subject space 
4. Re-parameterize 
metrics into group 
(registered) space 

Make Mesh, 
Fix Topology 

Analysis 

Spherical map 

R
egistration 



Curvature 
•  Measure of convexity and concavity 

Cortical Thickness 
•  Distance between GM/WM and pial surfaces 

Gyrification Index 
•  A measure of convolution 

Complexity 
•  Assume cortical surface is a fractal 
•  Measure self-similarity 





Gyrification Index 
•  Ratio of inner surface area 
to outer surface area 

•  Initially, measured 
manually from brain slices 
(Zilles et al., 1988) ! 2D 



Surface-Based GI 
•  Full 3D measurement with 
ability to estimate local 
point-wise GI values 

•  Automatic, fast 
•  Luders et al., 2006; Shaer 
et al., 2008; many others 



Issues with Gyrification Index Measure 
•  Varying definition of the outer hull 
•  Often performed in 2D ! may depend on slice 

direction & rater 
•  Normalization differences, dependence on noise 

•  Example: “disorganized” subgroup tends to 
move more, introducing more noise and 
potentially increasing GI measure 

Conflicting Results 
•  Findings of GI abnormalities for schizophrenia vary 

widely (see Yotter et al., 2011) 



Potential Solution: Fractal Dimension 
•  Noise-resistant, no normalization, no outer hull 

definition 
•  Use spherical harmonic reconstructions to reduce 

re-sampling errors from the more standard box-
counting approach 













Cortical Curvature Analysis of Fetal Data 
•  Subjects: 21-28 gestational weeks (GW) 
•  Habas et al., 2011 



Cortical regions have 
varying development 
trajectories for GM 
thickness 
•  Subjects: 3.5-33 yo 
•  Shaw et al., 2008 



In some regions, GM thickness may 
increase in old age 
•  Subjects: 7-87 yo 
•  Sowell et al., 2003 






