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Blood brain barrier



















APPARENT DIFFUSION COEFFICIENT
(Diffusion Speed; mm2/s-1)

Mean ADC in ventricles = 3.0 x 10-3 mm2s-1

Mean ADC in parenchyma = 0.7 x 10-3 mm2s-1







Mean Diffusion ~ Trace
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Directional Dependant Diffusion



Isotropy vs anisotropy







Fractional Anisotropy (FA)





Relative Anisotropy:
Normalize by mean diffusivity

Standard Deviation and Mean of Eigenvalues









Diffusion and DTI Application





Diffusion in Stroke: Early phase

Progressive cytotoxic edema             diffusion decrease



Acute Ischaemia



Diffusion in Stroke: Late phase

Progressive cell membrane Lyses + vasogenic edema             
diffusion increase



Glioblastoma in left thalamus. 

CE T1-weighted image (a)              MD map (b) shows restricted diffusion           FA (c)



Tract Integrity



Diffusion Tensor Imaging group analysis in MS

FA decreases in MS

Also effects of 
chemotherapy,

bipolar disorder, 
autism,

s c h i z o p h r e n i a &

alzheimer, …

Van Hecke et al. 2010



T1-weighted                               intracellular volume fraction

Focal Cortical Dysplasia



T1-weighted                             T2-weighted PROPELLER

standard DTI (FA)                 mean diffusivity (MD)       intracellular volume fraction (IVF)

Focal Cortical Dysplasia

G P Winston1, M R Symms1, D C Alexander2, J S Duncan1, and H Zhang2 1Epilepsy Society MRI Unit & Department of Clinical & Experimental Epilepsy,



NODDI: Neurite orientation dispersion and density imaging

Maps of RGB-encoded principal direction μ, FA, orientation dispersion index OD, intra-cellular volume fraction νic



Tractography - Overview

• Voxels are connected based upon similarities in 
the maximum diffusion direction

•









Anatomy for Pre-surgical Planning

• White matter tract assessment requires 
anatomical knowledge

– placement of seed/target ROIs for fiber tracking

– presumed location of ‘eloquent’ white matter tract.

– ROI size

– thresholds (angular, FA)

– order of ROI placement.

• Attempts to standardize ROI placement, no 
consensus



How to identify white matter tracts





DTI Motor



Brain Stem Anatomy



Brain Stem Anatomy



CST



Tracking CST using fMRI masks



DTI – LANGUAGE

ARCUATE FASCICULUS



Asymmetry in AF due to physiological Lateralization



DTI – LANGUAGE

inferior fronto-occipital fasciculus 

(IFOF)



Main problem- Crossing Fibers



















Pre-surgical Tractography Reporting 



Pre-surgical Tractography Reporting (Cont..)
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