Bone Mineral and Matrix Densities Measured by Solid-State 1H and 31P MRI
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Introduction: Osteoporosis and osteomalacia are distinct bone disorders that both manifest as reduced apparent bone mineral density (BMD), and are
indistinguishable by in vivo densitometric techniques. Osteoporosis involves both bone matrix and mineral loss, while osteomalacia involves mineral
deficiency only. The differentiating factor is bone mineralization [1]: mineral per volume of bone matrix. MRI of bone is made difficult by unfavorable
magnetic relaxation properties, but advances in solid-state *'P and 'H MRI have led to the possibility of quantitative measurement of bone mineral *'P
and collagen-bound water 'H densities, respectively [2-4]. The objective of this work was to quantify relative bone mineral *'P and matrix-bound water 'H
densities on a clinical MRI scanner to infer bone mineralization in specimens from human donors.

Theory: Water 'H NMR signal in bone at 3T occurs in two compartments: long T, > 1 ms, corresponding to free water in pores (‘pore water’); and short
T, ~ 300-400 ps, corresponding to motionally restricted water bound to bone matrix collagen (‘bound water) [5] Bone matrix density is proportional to
bound water and inversely proportional to pore water [6]. 30F 49M 30F 37Vl
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Fig. 1: (a) Relative *'P and (b) bound water 'H densny maps. Age and gender are indicated above each bone

bone was imaged using *'P zero echo time imaging with rBWD 070" 0.63** 050  0.01 0.19 059 045"

pointwise encoding time reduction with radial acquisition [7] (*'P ~ r'PDIBVF  0.26* 015  0.36 0.17 0.47** 0.96™*
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duration=5 ms, TI=100 ms, 7 readouts/excitation, flip angle=24-40°, 10000 half-projections, PETRA radius=4 points, scan time 26m45s).

Density Quantification: Bones, reference intensities, and fiducial markers were masked and thresholded. Images were corrected for transmit and receive
B inhomogeneity and differences in relaxation times between bone and reference. Relative *'P and bound water 'H densities in bone were expressed
relative to the reference intensity using Eq. 1, where f,, and f, describe the response of transverse and longitudinal magnetization to a square pulse [8].
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Analysis: Correlations were examined by regression calculated using least squares. equation is more complex for the multiple-readout SIR-ZTE sequence.

Results: Maps of relative *'P and bound water 'H densities are shown in Fig. 1. Both densities correlate negatively with age and porosity, and positively
with pQCT density. The relative densities correlate with each other (R? = 0.59, p < 0.001), and their ratio, which represents bone mineralization, is not
correlated with age, pQCT density, or porosity. R? values of other correlations are shown in Table 1.

Discussion and Conclusions: MRI and pQCT cannot resolve individual pores, so an age-related increase in porosity manifests as a decrease in
apparent density as long as the mineralization is invariant. Bone mineralization can be inferred from pQCT BMD by dividing by (1-porosity); this was
uncorrelated with age, indicating full mineralization. Consistent with this observation, both MRI-based densities correlate with pQCT density and porosity.
Further studies in demineralized bones will test the ability of this MRI-based method to distinguish osteoporotic- from osteomalacic-type disruptions of
bone homeostasis.
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