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Wendell Krieg 1963 - human white matter by dissection!

DSI!



DTI tractography - HBM Paris 1995 

D 



DTI tracography of the myocardium  



tissue 

Diffusion MRI - tissue structure is traced by 3D patterns !
of water diffusion !
1994: diffusion tensors show average fiber directions!

      diffusion tensor 



Pathway overlap is a defining characteristic of the brain 
 
            not brainy                brainy  



x-ray, overlap ! !    CT, overlap resolved!



DTI: 7 q-samples, recon with tensor fit 
DSI: 500 q-samles, recon with 3DFT 

q-space 



brain tissue 

Water diffusion traces tissue fiber structure!
2000: diffusion spectrum MRI (DSI) resolves the crossings!

diffusion spectrum 



DTI	



DSI	





Why DSI not DTI?!

fibers  
diffusion observed 
tractography 

DTI! DSI!



ODFs and tracks, human pons in vivo 3T !



DSI tractography - Pons normal human subject in vivo!
!middle cerebellar peduncle - red !
!corticospinal tract - blue !!

3T DSI SE 3500/96 !
2.6mm bmax8500 53min !



Human pons ex vivo  



Optic chiasm !



Optic chiasm !
!

!DTI ! ! ! ! !  DSI !

crossing!



DSI vs DTI - centrum semiovale of macaque!
 !

!DSI ! ! !    ! !DTI !

cc!

SLF2!
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Tracer and DSI - SLFIII!



CC !

MB !

FOF!

CR!CB !

SLF II!

Macaque DSI and isotope gold standard !
Muratoff bundle in context!

Pandya & Schmahmann!



Intracortical connectivity!



SLF3!

corticospinal tract!

cortex!

horizontal !
intracortical!
fibers!

DSI vs DTI - connections of motor cortex!
DTI is more or less all wrong!
 !

!DSI ! ! !    ! !DTI !



Wedeen VJ, Schmahmann JD, Wang R, Dai G, D’Arceuil HE, de Crespigny AJ 



Cerebellum 
DTI      DSI 

transverse system!



Tractography in caudate nucleus - 
Amygdalo-striate bundle of Muratoff 

DTI      DSI 

Wedeen et al Neruoimage 2008 in press!



Rat DSI paths of a saggital slice!



Owl monkey DSI - 3D paths of 1 slice!



DSI pathways of macaque cerebral hemisphere	





DSI human in vivo 3T!



birth !

Cat DSI! day 100 !

Takahasi et al ISRMR 2008!



Day 100!Day 0! Day 35!

Development of cortico-thalamic tracts in cat!

Takahasi et al ISRMR 2008!



Principles of organization common to all cortical areas 
 
 
  

Association fibers 
 Local 
 Neighborhood 
 Long 

 

Cord 
 Commissural fibers 
 Subcortical bundle  

 

Striatal fibers 
 Muratoff bundle 
 External capsule 



Connectional neuroanatomy with diffusion spectrum imaging 

Schmahmann JD, Pandya DN, Wang R, Dai G, D’Arceuil HE, de Crespigny AJ, Wedeen VJ 



Connectivity of human superior frontal gyrus!

seed!

long association!

striatal!
projection!

commissural!

short association!



DSI 

M1-FEF 

cortical parcellation 

Connectivity matrices!

   DSI! ! ! ! Cocomac!
   1 macaque ! ! database!

Sporns et al PLoS Biol 2008 in press!



DSI in vivo human !     human connectome!

Hagmann et al PLoS Biol 2008!



Human connectome hubs and core!

Hagmann et al PLoS Biol 2008!



Macaque!
!
3D MRI - paths superimpose ! 6D DSI - paths resolved!



Macaque cingulum bundle !
morphology explained by development!



!Macaque circuit of Papez ex vivo!



Cingulum bundle human DSI in vivo 3T!



Human limbic circuit elements - CIND UCSF VA!



Owl monkey hippocampal associated pathways  
DSI ex vivo, left lateral view 

cingulum bundle 
fornix 

anterior commissure 
hippocampus 

fimbria 



ant. commissure 

CA3 

Owl monkey hippocampus ex vivo DSI 

fornix / fimbria 



Human temporal lobe / hippocampus ex vivo!



Human hippocampus ex vivo DSI!
digital dissection!



Homologous woven motif of hippocampal pathways in mouse, 
owl monkey, and human 



Myocardial fiber geometry for optimum efficiency 

rat left ventricle     hyper-complex numbers  



Esophagus fiber structure - like Chinese finger cuffs!



!Chinese finger trap!
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 placazooan !ur-bilaterian! !      vertebrate!



 Dejerine 1895   Brodmann 1909    Cajal 1911 

While gray matter has been mapped successfully  
for 100 years, white matter and connectivity remain 
problematic 



Wendell Krieg 1963 - human white matter by dissection!

DSI!



The main reason neuro anatomy is more !
difficult to figure out than other kinds of anatomy - !
!"fiber crossing" or overlap of structures in 3D!


