
Chris Clark 

Imaging and Biophysics Unit 

UCL Institute of Child Health 

Microstructural Measures of 

the Developing Brain and it’s 

Response to Learning: 

Evidence from 

Neuroimaging 



Overview 

Dyscalculia and the IPS 

 

Some brief basics of diffusion MRI 

 

Sexual dimorphisms: role of puberty 

 

Tractography and advances in diffusion MRI 

 

Graph theory and brain networks 

 

Mapping the g ratio 

 

Learning effects: what can be measured with qMRI? 

 

 

 



Overview 

Dyscalculia and the IPS 

 

Some brief basics of diffusion MRI 

 

Sexual dimorphisms: role of puberty 

 

Tractography and advances in diffusion MRI 

 

Graph theory and brain networks 

 

Mapping the g ratio 

 

Learning effects: what can be measured with qMRI? 

 

 

 











Overview 

Dyscalculia and the IPS 

 

Some brief basics of diffusion MRI 

 

Sexual dimorphisms: role of puberty 

 

Tractography and advances in diffusion MRI 

 

Graph theory and brain networks 

 

Mapping the g ratio 

 

Learning effects: what can be measured with qMRI? 

 

 

 



Diffusion Coefficient 

Diffusion is a time dependent process 

Molecules diffuse further from their starting 

point as time increases 

r2 = 6Dt



Diffusion is sensitive to 

tissue structure 

Diffusion is lower (slower) in tissue than free water 

Due to presence of cell membranes and structures 
 

 



Low diffusion  

High diffusion 



Mean diffusivity (MD) Fractional anisotropy (FA) 
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Tract-Based Spatial Statistics (TBSS) 

Pros: 

– Voxel-based analysis (local 

differences) 

– No need for smoothing 

– Reduces multiple comparisons 

problem 

Cons: 

– Only looks at centre of white-matter 

tracts (lots of voxels excluded) 

– Not focussing on individual tracts 

 

Smith et al, NeuroImage 31:1487-1505 (2006) 
 



TBSS results (FA – boys, positive correlation) 

p<0.05 

Kiran Seunarine et al 



TBSS results (MD – boys, negative correlation) 

p<0.05 

Kiran Seunarine et al 



TBSS results (λradial – boys, negative correlation) 

p<0.05 

Kiran Seunarine et al 



TBSS results (girls FA, MD – no correlation) 

p<0.05 

Kiran Seunarine et al 



Gender differences in white matter development 
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IFO Lawes et al Neuroimage 2008 







Tournier et al Neuroimage 2007 



















Limitations of FA and some ways forward 

Use more advanced models of diffusion for tractography 

 

However, DTI parameters still the mainstay and reported in tracts 

 

Suffer from lack of specificity 

 

For example FA affected by both axon density/diameter and 

dispersion 

 

More sophisticated models available 

 

Based on multi-compartmentation 

 

Note: more complex models require more data! 

 

 



Zhang et al Neuroimage 2012 
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Networks and the “connectome” 

Bullmore & Sporns, Nat Rev Neurosci, 2009 
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Can the g ratio be measured using MRI in vivo? 









r = 0.88, p = 0.011 
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Microstructural plasticity 

 

 Most plasticity studies have involved medium to long term learning 

(ie weeks or months of training) 

 

Studies have mainly looked for gross changes to the shape or 

volume of grey matter areas, or signs of improved connectivity of 

the white matter tracts 

 

Yaniv Assaf’s group in Tel Aviv has conducted a series of studies 

using DTI techniques to examine microstructural changes within 

the brain’s grey matter induced by training over a period of hours 

  

 







Changes in Mean Diffusivity (MD) 



Region of Interest (RoI) analysis 
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