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MARS CT (Medipix All Resolution System - Computed Tomography) is a new medical x-ray imaging 
modality which is being developed in partnership between the University of Otago and the University of 
Canterbury. MARS is a spectral CT device which uses the Medipix chip developed at CERN; spectral CT 
may be thought of as analogous to colour photography whereas traditional CT systems are akin to black 
and white cameras. The additional energy information available from MARS greatly improves the ability of 
the user to discriminate between materials in images, and provides higher resolution data over currently 
available technology. Data from a MARS scan are produced in stages. Initially a series of radiograph 
images are acquired from many different positions around the object. A high resolution 3D representation of 
the object is then created from the radiographs, similar to what would be obtained with a clinical CT system. 
X-ray energy information obtained in the initial radiograph acquisition may then be used to identify and 
quantify various materials in the object, such as lipid, water, bone and contrast agents. While this 
information is useful it is not immediately relevant to a radiologist as it does not give a clear image of what 
tissue types are present in a scan. This project was undertaken with the aim of developing a tissue 
classification system which could be applied to a scan which had been decomposed into its lipid and water 
content to provide immediately useful tissue information to the user. 
  
Information regarding the mean values and ranges of mass percentage of the water, lipid, and protein 
content for twelve different types of body tissue were taken from the International Commission on Radiation 
Units and Measurement (ICRU) report 44 (1989). An algorithm was developed using these values to map 
each element of a scan to a tissue type. Two images are created from the reconstructed scan, one showing 
the water content and the other showing the lipid content in the object. The algorithm takes each pair of 
pixels from the water and lipid and images and finds the closest tissue type from the water and lipid levels. 
A final image is then created where each pixel has been coloured to correspond to a specific tissue type. 
 
Initial testing of the algorithm was carried out using a data set consisting of simulated water and lipid 
images, each containing areas with pixel values corresponding to the twelve tissue types taken from the 
ICRU report. The algorithm was first verified using a noise free simulated data set. Noise was then 
introduced to the simulated water and lipid images. As the input lipid and water images become noisier it is 
more difficult to correctly identify those tissues which have similar values of water and lipid content. For 
example, lung tissue, skeletal muscle, and ovary tissue contain 78% water by volume and differ only by a 
fraction of a percentage in lipid content; they may become indistinguishable due to noise in the data. One 
method of reducing the errors caused by noise in the data is to allow the user to select only tissue types 
they are expecting to see before running the algorithm as it is unlikely, for example, that were would be any 
need to run the algorithm on an image containing both lung tissue and ovary tissue.  
 
A test sample has been made to simulate various tissue types. It consists of tubes containing varying 
concentrations of lipid emulsions in water. Scanning and testing of this sample has been scheduled for late 
January due to necessary scanner hardware upgrades. Other tests have been carried out in the meantime. 
In a sample containing capillaries of lipid, water, and contrast agents, the lipid capillaries are clearly mapped 
to adipose tissue. Using a scan of a piece of lamb meat containing bone, fat, muscle, and contrast agents, 
the algorithm is able to map adipose tissue to the fat and muscle tissue to the meat.  
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In the future the greatest improvement for the tissue classification system would be the ability to identify and 
quantify protein in the reconstructions of the object. With a third dimension added tissues become more 
distinct and noise becomes less problematic. If protein levels are able to be quantified then it should also be 
possible to build a more complete database of tissue compositions for use with the algorithm. Continued 
improvements in image quality with MARS will also increase the accuracy in assigning tissues.  
 
 
 
 
 


