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Abstract

For almost every type of magnetic resonance brain image acquisition, the
distribution of myelin clearly plays an important role in providing tissue contrast. The
trace metal iron, due to its magnetic properties and relatively high localized
concentrations, is also known to have a major impact on the intensity of some types
of MR image. It is thus widely accepted that the two major front-runner contributors
to MRI tissue contrast are myelin and iron. So far, no combined study has directly
disentangled the separate contributions of myelin and iron to the tissue contrasts
provided by typical MRI pulse sequences. Because myelin and iron distributions
often overlap, in particular in the cortex, it is difficult to deduce their concentrations
from MR images. To provide a gold standard for tissue concentrations he used PIXE,
Proton Induced X-ray Emission, to quantitatively map the elemental distribution of
iron and other elements in slices of cadaver human brain. In particular, I show that
simultaneously acquired maps of phosphorus and sulphur concentration allow
measurement of myelin density. Together, the measured concentration of these
components provides an accurate simulation of various types of MRI contrast, using
a general linear model. Use of the resulting coefficients enables quantitative
inference of the underlying tissue concentrations of iron and myelin from T1 maps,
T2* maps and quantitative susceptibility maps.
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