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Purpose: As individual parameters, the MR relaxation times T1 and T2 are commonly relied upon for imparting contrast weightings to conventional 
MRI pulse sequences and also as potential qMRI biomarkers of disease (1). Some multispectral qMRI acquisitions afford simultaneous and self-
coregistered maps of T1 and T2 thus enabling further map mathematical manipulations, and in particular the generation of maps depicting the T1/T2 
ratio values of tissues. This relaxometric ratio parameter, which is dimensionless, is a promising indicator of malignancy (2). The purposes of this 
work were to develop a technique for mapping the qMRI T1/T2 relaxometric ratio and also to study the hierarchical order of T1/T2 ratio values of 
the normal adult human head at 3T. 
 
Experimental Methods: A variant of the mixed-TSE pulse sequence was implemented with parallel imaging (SENSE) using a 3T clinical MRI 
scanner (Philips Medical Systems, Cleveland, OH). Key imaging parameters: voxel=0.625 x 0.625 x 3mm3, 50 slices, TR=12.3s, TE1,2eff=10.5 and 
100ms/TI1,2=700ms and 6.2s. Mixed-TSE is a four time point pulse sequence, which generates four differently T1- and T2-weighted images per 
slice thus allowing for multispectral qMRI in PD, T1, and T2. The axial directly acquired images were processed with in-house developed T1 and T2 
algorithms programmed in Mathcad (PTC, Needham, MA). In turn, these qMRI maps were used for mapping the T1/T2 ratio using also in-house 
developed software using a model conforming algorithm that avoids singularities based on noise considerations. 
 
Results: Selected T1 and T2 maps are shown in Figure 1: together with the generated T1/T2 ratio map. T1 and T2 values for selected ROIs are in 
excellent agreement with the accepted values at 3T (3). The resulting T1/T2 ratio map has marked gray matter (GM)-white matter (WM) 
differentiation and, very bright muscle signal intensity and very dark cerebrospinal fluid (CSF). The full tissue hierarchy was studied by histogram 
analysis: the full data set was read into a program that forms a 3D array and allows for the generation of a whole-head tissue histogram. Such 
histogram is shown in Figure 2 demonstrating the natural hierarchy of T1/T2 ratio values for normal adult tissues specifically: T1/T2 ratio: muscles 
> GM > WM > Fat > CSF, which can also be appreciated by visual inspection of the T1/T2 map. 
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Figure 1: Selected qMRI maps: T1, T2, and T1/T2 ratio.    Figure 2: Whole head T1/T2 ratio histogram. 

 
Conclusion: A technique for mapping the T1/T2 relaxometric ratio has been developed. The resulting T1/T2 ratio maps exhibit dark CSF and bright 
muscles. The cerebral tissues appear in the approximate hierarchy of signal intensities of a T2-weighted fluid attenuated with inversion recovery 
(T2W-FLAIR) image. It is expected that pathological processes will appear as bright features (elevated T1/T2 ratios). This work could have 
implications for cancer detection and characterization. 
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