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The purpose of this project is to investigate 
datasets of T1-weighted MRI brain scans, 
aiming at discriminating normal from cognitive 
impaired patients, by describing the white/gray 
matter (WM/GM) image intensity variation in 
terms of textural descriptors from gray level co-
occurrence matrices (GLCM). These descriptors 
form the feature vectors considered for later 
classification using non-supervised algorithms 
as k-means. We use MRI data sets from Open 
Access Series of Imaging Studies (OASIS), 
made available by the Washington University 
Alzheimer’s Disease Research Center, HHMI, 
NRG and BIRN. Experimental results indicate 
that textural descriptors have potential to 
differentiate normal WM images from dementia-
related WM images.  

Sequence MP-RAGE 
Magnetization (T) 1.5 

TR (msec) 9.7 
TE (msec) 4.0 

Flip angle (o) 10 
TI (msec) 20 
TD (msec) 200 

Thickness, gap (mm) 1.025, 0 
Slice number 128 

Resolution (pixels) 256 x 256 (1x1 mm) 

First, the WM/GM is isolated using spatial 
proximity of voxels to constrain the probability 
with which voxels of a given intensity are 
assigned to WM/GM (segmentation). Second, 
we determine sub-regions in each slice that 
contains only WM/GM intensities (masking), 
which are input to a statistical method for 
extracting the spatial organization of gray tones 
in MRI scans. Our study considers textural 
descriptors derived from the isotropic gray level 
co-occurrence matrix: contrast, correlation, 
energy and homogeneity for different distances 
d. The image processing and analysis uses 
ImageJ, Matlab and R tools, including a new 
plugin for calculating isotropic GLCM from 
specified regions of interest. Classification 
considers Clinical Dementia Rating (CRD) 

•  Statistical texture descriptors that convey the 
spatial organization of gray tones, given two 
parameters: d={1,2,4,10} and angles α=0, 45, 
90, 135 in MRI scans;  
•  For each cross-section of either WM or GM 
portions, we compute 4 textural descriptors. 
Each MRI volume is represented by the average 
and standard deviation of the textural 
descriptors for each portion at a certain d; 
•   Synthesis: raw measurements of texture as 
well as PCA of the scaled (variance fixed) 
variables, particularly the components carrying 
more than 90% of information; 
•   Individuals with CDR=2 will present MRI 
volumes characterized by a higher contrast, and 
larger variability across the scan slices than 
those with CDR<2. 
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Abstract Methods Results 

Table 1. MRI Acquisition Details 

*Based on table from Marcus et al. [1] 
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Figure 1. Box-plot describing the OASIS dataset in terms of CDR, 
given (A)  age, (B) SES, (C) mini-mental state examination or MMSE, 
(D) estimated total intracranial volume or eTIV, (E) normalized whole-
brain volume or nWBV, (F) atlas scaling factor or ASF   

GLCM is constructed from the image by estimating the pairwise 
statistics of pixel intensity, computing the number of transitions 
(#) from pixel i to j. Consider the function ρ to be the resultant 
transition from i=Ig(x,y) to j=Ig(x,y) for a distance d and angle Θ, 
so p can be expressed as: 

Considering 4 directions: 

Then, the GLCM for each angle with its transposed matrix 
result in the isotropic matrix: 

Figure 2. Classification results using k-means 
on PCA-based features for all the patients with 
age ≥ 60; color represents the real class while 
the symbol shows the predicted class.   
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