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Target audience: Translational researchers interested in noninvasive assessment of bone quality
Purpose: Even though bone mineral density (BMD) has been the accepted standard for osteoporosis diagnosis, BMD has a low predictive value on patients’ risk
for future fractures'. Thus, new approaches for examining patients at risk for developing osteoporosis would be desirable. Magnetic Resonance (MR) T,*
measurements has been shown to yield quantitative information on trabecular-bone density as well as on bone micro-architecture™. T,* probes trabecular-bone
microstructure by virtue of its sensitivity to magnetic susceptibility differences (AX) between bone and marrow’. Therefore, an increase in inter-trabecular space,
which typically occurs in osteoporosis, prolongs marrow T, **. A new potential surrogate marker for osteoporosis, the internal magnetic field gradient (IMFG), has
recently been proposed*’. In cancellous bone, the susceptibility mismatch between the solid matrix and interstitial liquid marrow generates internal gradients at the
interface between bone and marrow. It has recently been shown that water IMFG measured in
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256x256; BW=130 Hz/pixel; NS=1, was used to obtain the SE decay

from which the IMFG was extracted. To minimize the number of fitting
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A spin-echo segmented echo-planar imaging (EPI) sequence
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was run (20). T,* was obtained with a FLASH sequence (TR/TE=1500/5-7-10-20 ms; flip angle, 30°; FOV=192x192 mm?; matrix, 128x128; BW=260 Hz/pixel;
NS=1). In all subjects, BMD T-scores, T," and IMFG, were assessed in the whole calcaneus (CALCA) as well as in calcaneal subregions: subtalar (ST), tuber
calcaneus (TC), and cavum calcaneus (CC). Between-group comparisons to assess group differences and Pearson correlation analysis were performed.

Results: An example of the fitting procedure used to compute IMFG from the SE decay as a function of time is displayed in Fig. 1. IMFG in the ST region was
found to be greatest in healthy, intermediate in osteopenic, and lowest in osteoporotic subjects (Tablel). IMFG values were significantly lower in osteopenics and
more so in osteoporotics, paralleling T-scores for the ST region but not for all other regions examined (Fig.2). IMFG was significantly different between healthy
and osteoporotic subjects in the TC, CC, and CALCA regions, but between osteopenics and osteoporotics for the CALCA region only. Similarly, T,* followed T-
scores. However, group differences for this parameter were not significant for any of the regions examined. A moderate correlation (r= 0.635, p<0.01) was
observed between IMFG and T-scores in the ST region but correlations were weaker for the remaining regions. T, and T-scores correlated moderately (r=-0.514,
p<0.01) in ST regions, but associations were weaker for the remaining regions.

Discussion: Our data suggests that IMFG measured in the calcaneus better discriminates healthy, osteopenic and osteoporotic women than does T,*, with the ST
region being the strongest discriminator. This finding is in agreement with results obtained in a previous work® based on T»* measurements, where the ST region
turned out to be the optimum calcaneal site for discriminating patients with vertebral deformities from those without such deformities. results shown here highlight
the potential of IMFG measurement as an alternative approach to evaluate osteoporosis. Unlike T,* that results from coherence loss in the static dephasing regime
caused by the induced inhomogeneous field, IMGF is a function of both ADC and static internal gradients. IMFG contains information on the trabecular network,
which derives from the properties of the internal gradient (resulting from A[], between water and bone) averaged by the dynamics of the water confined to the
narrow space between fat and bone surface. Therefore, IMFG is a function of the rate at which water molecules visit sites of different magnetic field.

Conclusion: BMD provides limited information on the two key properties that determine cancellous bone strength: bone’s material composition and
microstructural rearrangement. In contrast, IMFG reflects changes in both bone microarchitecture and composition that occur in osteoporosis. Our preliminary
results suggest the ability of the IMFG evaluated in the ST region to discriminate healthy subjects from those with osteopenia and osteoporosis. Therefore, IMFG
in the calcaneus obtained in large populations might allow establishment of a threshold on a single subject basis to determine whether intervention is indicated.
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