
thresholding (using the Foreground masking BRAINS module14) and the two masks were 

multiplied (logical AND) to obtain a final overlapping mask. Next an automatic rigid (6 DOF) 

registration was performed using samples within the mask. This mask was crucial to ensure that 

the registration does not converge into a local minimum as a result of tissue deformations 

(especially present at the back of the neck). Finally, an affine (12 DOF) image registration was 

also performed automatically, after applying the rigid transformation. In both automatic 

registrations (rigid and affine) the mean squared error (MSE) was selected as the cost metric 

rather than Mattes Mutual Information (the default setting)15. Following registration, all sCT 

datasets were resampled to the same output settings (origin, FOV and resolution) as the planning 

CT using the transform matrix. Additionally, a second set of CT and sCT datasets were created 

using the “Crop Volume” module16 to reduce the FOV and exclude the neck region where non-

rigid tissue deformations tend to occur. To assess the accuracy of the sCT, the mean absolute 

error (MAE) between the CT and sCT was calculated for both classification techniques (sCTBerker 

and sCTFCM1), both types of registrations (rigid and affine) and with and without including the 

neck (yielding 2×2×2=8 MAEs per subject). 

6.3.2.4 Correlation between Bone CT Number and dUTE  

To investigate a possible correlation between the bone CT number and the dUTE signal, the dUTE 

image of each subject was also coregistered and resampled using the same rigid (6 DOF) and 

affine (12 DOF) image transforms. Joint histograms of dUTE and CT were then plotted in 

MATLAB using 200 bins in the range of [0 2] for dUTE and [0 2000] for CT. For each patient, 10 

samples were manually selected along the center of mass of each joint histogram distribution 

(clusters), and all the samples were pooled across the 12 patients (120 points in total). (Manual 

selection avoided the difficulty of pre-conditioning the samples to achieve a stable fit). A 

quadratic fit (y=ax2+bx+c) of the data with y≡CT and x≡dUTE was calculated in Excel. This 

quadratic model for mapping dUTE into bone CT was used to further refine the pipeline shown in 

Figure 6.3(c), by assigning continuous-valued CT numbers within the bone mask. These final 

sCT images were denoted as sCTFCM2.   

14 See https://www.slicer.org/wiki/Documentation/4.6/Modules/ForegroundMasking. 
15 See refer to https://www.slicer.org/wiki/Documentation/4.6/Modules/BRAINSFit. 
16 See https://www.slicer.org/wiki/Documentation/Nightly/Modules/CropVolume. 
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Figure 7.2: Parametric maps of patient (a) in Figure 7.1 before treatment and 4 months later, following 

rigid 6 DOF registration. 
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Figure 7.3: Parametric maps of patient (b) in Figure 7.1 before treatment and 4 months later, following 

affine and deformable B-spline registration. 
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7.3.2.3 Conclusion 

At this point, it is too early to conclude whether the changes in relaxometry and anatomical 

displacements observed in both patients point toward a tumor regression, progression or pseudo-

progression. What we can conclude, however, is that these techniques (without the use of 

contrast agent) seem sufficiently sensitive to pick out significant changes in anatomy and 

relaxometry between the scans before and four months after the treatment. Future research and 

work beyond the completion of this study will be needed to fully assess the potential benefits of 

MPM in clinical oncology. 

7.4 Final Closing Remarks 
In this concluding chapter, the major findings of this dissertation were highlighted, as well as 

some limitations. An application of MPM on primary brain tumors was presented with some 

preliminary results on two patients before and three months after radiation therapy. While it was 

too early to fully assess the usefulness of MPM in comparison to the standard clinical practice of 

using contrast-enhanced T1-weighted images, we could nevertheless conclude that significant 

changes in relaxometry (>100%) and anatomical shifts (>2.5 mm) were detectable within and 

around the tumor, potentially providing useful diagnostic information for clinical oncology. The 

clinical trial will have to be completed and the data thoroughly analyzed before definite findings 

and conclusions can be reported. 
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