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MGH-UCLA HCP
Immediate goal: map human connectivity
Long-term goal: objective mental health care



Connectome of rhesus monkey visual system

Felleman & Van Essen, Science 1989
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Why map the human connectome?

e Address a critical need for neuropsychiatry beyond the DSM - quantitative and
objective

® Growing evidence linking major mental health problems to specific brain networks



Expect nearly 10x increase in sensitivity for high b dMRI



3T Connectom scanner, 24 megawatts
Los Angeles class nuclear submarine, 26 megawatts



OHBM Paris 1995
MRI tractography proposed and DT/ criticized for inability to resolve crossing
paths

Wedeen et al HBP Paris 1995



Water diffusion traces tissue fiber structure
2000: diffusion spectrum MRI (DSI) resolves overlapping
pathways

diffusion spectrum
brain tissue
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DSI human in vivo 3T
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Connectome of rhesus monkey visual system

Felleman & Van Essen, Science 1989
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Diffusion MRl method to map the connectome with



DS/ in vivo human human connectome

Hagmann et al PLoS Biol 2008



rat ex vivo diffusion MRI
The Human Connectome Scanner was designed to get images of
this quality in humans, just barely possible with existing technology



Owl monkey



Does cerebral connectivity have a particular shape?



To better understand these data, we posed the question:
How do brain paths cross - relate in 3D - in a single brain?

the set of paths near to
SLF3, orange, form a 2D
Sheet

l

test path, SLF3

Wedeen et al Science 2012



Crossing fiber pathways of the brain are interwoven, forming 2D sheets
This is overwhelmingly non-random



Rhesus callosum and longitudinal pathways form a 2D sheet and grid

SLF1 left and right

/

collossal paths cingulum bundles left and right

Wedeen et al Science 2012



Fiber pathways of the human brain with diffusion MRI
Connectivity, left, and path geometry as an orthogonal
grid, right; Science 335, 1629.

VJ Wedeen, LL Wald, HMS MGH Martinos Center



Myocardial fibers and sheets Brain path crosings:
not foliate or interwoven foliate and interwoven
Generic Highly exceptional:
prior probability =~ 1 prior probability ~ Q.






Whereas 1D tracks always exist, are “doomed to succeed”, 2D sheets and grids exist only
in a special condition, which is a property only of the 3D orientations of the fiber crossing
planes, and they are related at nearby locations. It is independent of the fiber crossing
angles in these planes.

Crossing paths in 3D do not typically form To form a surface or grid is a
surfaces specific 3D relationship



A little math - why observing sheet structure is non-trivial

typically, crossings would not be Sheets occur only if a specific 3D
relation

expected to form sheets holds between paths



Grid structure is 3D
occipital white matter rhesus




The other kind of terrestrial brain — a network of nuclei

shrimp



Macro scale — nervous systems of bilateral species are like ladders

Juvenile acoelomate worm rat nervous system "flatmap"

Hejnol, Martindate Phil Trans R Soc B 383, 149 (2010) Swanson Brain Maps Elsevier 2004



Conclusions —

Grid and sheet structure indicates stringent geometric conditions, and if it is present,
can be easily detected and quantified

The observed grid structure gives an intrinsic estimate of its geometric prior
probability

The present early studies suggest that the detection of grid structure with dMRI
increases with diffusion resolution.

These finding are consistent with the hypothesis that cerebral fiber architecture
adheres to a Cartesian coordinate system, and that the mammalian forebrain —
including gray matter and white matter - is an aperiodic crystal



