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Introduction 
Correlating the anatomical distribution of white matter lesions (WMLs) within the brain with subject data on cognitive 

performance in the past and present will provide valuable insights into the aging brain.  In this pilot study a bespoke method 

for automatically segmenting MRI datasets of the brain was devised, allowing the distribution of WMLs to be determined in 

three distinct territories, the boundaries of which were defined according to histopathological and functional correlates 

described in the literature [1]. 

Methods 
A subject was selected from the Lothian Birth Cohort (LBC)1936 [2] as a representative of the cohort considering brain size 

and WML load. In structural MR images of this subject we manually delineated three zones of white matter: periventricular 

(PV) (2-4mm from the ventricular surface), juxtacortical (JC) (3-6mm deep to the corticomedullary junction) and deep (D) 

white matter (the zone lying between the PV and JC zones). We evaluated the feasibility of the method applying this 

classification to the WML masks obtained from a sample of 20 elderly subjects using automatic registration in an attempt to 

divide WMLs according to their location. ANALYZE Object Extraction Tool followed by manual editing was used for 

brain extraction, and the FMRIB software library algorithms [3] FLIRT and FNIRT for linear and non-linear registration 

respectively.  

We also segmented the white matter  in the sample automatically following the same criteria using an in-house software 

developed in MATLAB which uses morphological (erosion and dilation) and binary operations to derive masks of the PV, 

D and JC areas for each subject out from the masks of the brain tissue and white matter, obtained previously with 

MCMxxxVI [4]. 

       

 

 

 

 

 

 

 

 

Fig.1. (a) JC (red), D (green) and PV (blue; ventricles included in mask) white matter areas mapped in the MNI152 standard brain. (b) 

From top-left to bottom-right, axial masks of: brain tissue, white matter, JC areas, ventricles, PV areas and D white matter areas obtained 

automatically using the in-house developed software . 

Results 

The non-linear registration method applied needs a prior adjustment of the configuration parameters for each subject, 

otherwise errors cause overlap in the subdivided WML areas.  

The in-house developed software allows us to obtain automatically precise subdivisions in axial slices superior to the end of 

the lateral ventricles. However, slices near the base of the brain need manual editing in the JC and PV regions. 

Conclusions 
This work has shown promise in segmenting WMLs by anatomical distribution, but requires further refinement in view of 

the overlap observed in some of the subdivided masks after registration.  It is hoped that analysis of WML distribution in 

relationship to past and present cognitive performance and other factors (made possible by the data available in the 

LBC1936) may clarify the underlying pathophysiology of WMLs and their prognostic significance. However, more reliable 

automatic non-linear registration methods are needed if an atlas-based approach is to prove fruitful. 
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