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Introduction

MS lesions can be detected by simple subtraction of MRI scans taken before 
and after the injection of GdDTPA contrast agent.  However, this highlights 
global changes in the post-injection scan, in addition to the lesions.  We 
introduce a new, non-parametric subtraction measure, analogous to standard 
statistical tests, which allows a direct, probabilistic interpretation of image 
differences.  We demonstrate the technique using scans of MS lesions, but 
we expect it to be applicable to a wide range of image formation processes.

Method

Non-parametric image (NPI) subtraction measures the difference between 
an image pair in terms of an implicit model of the data behaviour, obtained in 
the form of a scattergram S(g ,g ) of the grey levels (g ,g ) of corresponding 1 2 1 2

pairs of pixels.  A vertical slice through the scattergram F(g =const, g ) 1 2

isolates all pixels in image 1 with some grey level g =const.. The normalised 1

distribution of this data gives the probability of grey levels for corresponding 
pixels in the other image.  An integration is performed along the vertical 
slice passing through the coordinates defined by each pixel pair, summing all 
smaller probabilities.  This is directly equivalent to the construction of a 
confidence interval, giving the probability of finding a more uncommon 
pairing of grey-level values than seen at the original pixel pair.  This 
probability can then be used to produce a statistical difference map.  The 
probability distribution of the map should be uniform (flat), since the 
method incorporates a probability integral transform, providing a self-test.

NPI subtraction is non-symmetric in the data: only localised differences in 
the images plotted on the ordinate of the scattergram will be identified. 
Therefore, subtractions between pre and post contrast scans taken at a single 
visit will identify all enhancing tissues (MS lesions, vasculature) whereas 
subtractions between post contrast scans taken at different times can identify 
enhancing tissues that have appeared, or disappeared, in the interval.

Results

The new subtraction technique was applied to pre and post contrast scans 
from a single patient at each of five visits, spaced approximately two months 
apart over a one year period. Imaging consisted of contiguous 3mm T1 

2 2weighted spin echo images (TR/TE 650/12, FOV 50mm , matrix 256 ). The 
contrast agent injection consisted of 1 mmols/kg of GdDTPA (Omniscan, 
Nycomed, Oslo, Norway).  All volumes were co-registered to the pre-
injection scans from the first visit, using the rigid co-registration software in 
TINA, and re-sliced using normalised sinc interpolation with a 5x5x5 kernel 
to produce co-registered volumes.  Binary masks covering the grey and 
white matter were produced, using a simple gradient-based segmentation  
technique, so that the subtraction was performed only on relevant tissues.

Flat Probability Distribution

The flat probability distribution of pixel values in the difference image is a 
major advantage of this technique.  Such probability distributions are honest 
i.e. thresholding at 0.1 extracts 10% of the pixels. Furthermore, a standard 
technique exists for renormalising (reflattening) any quantity P that is the 
product of n quantities w, each of which has a flat probability distribution,

Since P’ also has a flat distribution this process is potentially nestable, 
providing a statistically principled route to data fusion.  In addition, the 
renormalisation can be used to analyse spatial correlation in the NPI 
subtraction result, by forming and renormalising the product of each image 
pixel and its four nearest neighbours.

1% thresholding of the non-
parametric subtraction result.

0.00001 threshold of reflattened  
five-pixel product.

The spatially correlated low-probability pixels in the non-parametric 
subtraction result are pushed to very low probabilities in the renormalised 
five-pixel product, and so can be extracted by thresholding at a lower level, 
leading to less contamination by background pixels.

Conclusions and Further Work

The detection of MS lesions in MRI scans is an important issue both in 
relation to monitoring the progress of the pre-clinical disease and to 
therapeutic trials.  We have presented a novel image subtraction routine  
based upon conventional statistical approaches, which can identify small but 
significant differences between an image pair in a robust manner, producing 
an output in terms of a probability.  We have demonstrated the use of this 
measure in automatic identification of MS lesions.  A systematic study is 
now required to assess the use of this technique in clinical applications (e.g. 
prompting) and quantitative lesion studies.

The NPI subtraction technique (p has been 
implemented within our open-source  machine vision software, TINA, and 
can be freely obtained from our website:

at. pend. PCT/GB01/01787) 
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A vertical cut through the scattergram.  The integration is performed across the shaded region, 
summing all values smaller than that at the position of the original pixel pair (the black point).
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Mean distribution
(background)

Secondary distribution
(localised differences)

http://www.tina-vision.net

The flat probability distribution of the NPI subtraction results makes the 
images appear noisy, and so visual interpretation is difficult.  However, it 
also allows the application of a threshold at a known probability, to extract 
the low probability pixels corresponding to localised differences (above). 
The asymmetry of the technique allows subtractions between scans taken 
over time, to identify disease progression (below).

First visit pre-injection 
scan.

First visit post-injection 
scans (arrows show lesions).

Simple subtraction.

NPI subtraction. 1% threshold of NPI 
subtraction.

Second visit post injection 
scan.

1% threshold of post (first 
visit) - post (second visit).

1% threshold of post (second 
visit) - post (first visit).
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