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Introduction: Bone marrow fat quantification has been proposed as a useful tool in
understanding the relationship between osteoporosis and bone marrow adiposity [1] and in L P—r &l

characterizing cellularity for radiation dosimetry in cancer patients [2]. Single-voxel MR —fitted ®
spectroscopy has been the technique traditionally used to measure fat content in localized | 06 —residual
regions of the vertebral bodies and the proximal femur [1,3]. However, the distribution of
bone marrow fat content can be spatially heterogeneous and there is a growing interest in | ~
applying chemical shift-based water fat imaging techniques for measuring bone marrow |
fat content with high spatial resolution [2]. Quantitative water-fat imaging techniques have
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been emerging [4,5] and have shown excellent agreement with single-voxel MRS in v
estimating fat content in different body parts [6]. However, the application of water-fat 6 4 2 0

ppm oom
was scanned on a 3 T whole-body GE scanner using an 8-channel cardiac coil. A 6-echo | o

j el [ ' ]
3D SPRG sequence was used for water-fat imaging with TR/TE/ATE=9.8/2.1/1.0 ms, flip 6 4 2 G 5 4 3 s 5 4 3

angle=2°. 2-5 locations were selected per subjects to perform single-voxel (12x12x12 |Fg, 1: Bone m:l'TO\N MR spectra using ?iptr;ing not aocountingpfpgr short T,*

mm®) MRS (resulting in atotal of 25 acquired locations) based on a STEAM sequence Species (a-c) and accounting for short T+ species (d-f): (@) and (d) full
with parameters: TR=6, TE=15/20/25/30 ms, 9 averages per TE, 4096 data points, 5 kHz |snectra, (b) and (€) spectra zoomed around water region, () and (f)
acquisition bandwidth, 2.4 kHz RF pulse bandwidth, and two acquisitions at two different |gnerposition of decomposed modeled peaks around water region.

center frequencies (one on the main fat peak and one on the water peak).

Fat quantification: The IDEAL algorithm combined with a water-fat signal model =
accounting for the multiple peaks of the fat spectrum and asingle T,* correction [4,5] was
used to derive fat fraction maps for visualization. Water-fat decomposition was aso
performed for the average complex SPGR signal over the ROIs of the MRS acquisition in
order to compare mean fat fraction values between water-fat imaging and MRS,

The two MR spectra acquired with different center frequencies were combined to
compensate for chemical shift displacement effects in the MRS voxel localization. The
MR spectra were fitted using Gaussian lineshapes and taking into account the chemical
structure of triglycerides to constrain the area of fat peaks in the water region as a given
ratio of the main fat pesk area [9]. MRS fitting was performed with frequency domain
methods by considering a single water peak (not accounting for short T,* species) and by . (b) & N 6
considering a narrow and a broad water peak (accounting for short T.* species). Tz |z o. ; . : vkl .
correction was then performed and the short T,* species signal was finally excluded in the E—IO%(')—Z aﬁz ”?ISA It_irl;eg fga/%t; St? O?a%fan?n;éﬂiﬁde’w Zign\glj:xdl El)(ézztlionsééeg
computation of fat fraction in the method accounting for short T,* species expe’ri mental data, T,-corrected MRS signal accounting for short To*
Results: Thefitting of the MRS data using the model not accounting for short T,* species . : . " :
shows poor agreement with the experimental MR spectra in the frequency region between Species, and T-corrected MRS signal not accounting for short Tz species
3 ppm and 4 ppm (arrows in Fig. 1la and 1b). The fitting of the MRS data using the model
accounting for short T,* species shows good agreement with the experimental MR spectra even in
the frequency region between 3 ppm and 4 ppm (arrowsin Fig. 1d and 1€).

The presently employed 6-echo SPGR sequence samples the signal at TE > 2ms and therefore most
of the SPGR signal of the short T,* species has aready significantly decayed (Fig. 2b). For TE > 2
ms, there is also very good agreement between the time evolution of the T,*-corrected MRS signal
with either accounting or not accounting for short T,* species. However, for TE < 2 msthereis a
difference between the T,-corrected MRS signal accounting for short T,* species and the T.-
corrected MRS signal not accounting for short T,* species.
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trabecular bone. Trabecular bone shortens the T>* of both water and fat components and fittod
congtitutes a third phase with no or small visible MR signal [7,8] at the TEs of clinically | 0.6 —residual
accessible gradient echo sequences. The present study aims to perform a preliminary
comparison of bone marrow fat fraction measurements using clinically accessible water-
fat imaging and single-voxel MRS.

Methods: MR measurements: The left proximal femur of seven young healthy volunteers
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imaging in the bone marrow remains technically challenging due to the presence of | o5 - il
—experimental
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Fig. 3 shows a significant underestimation of the fat fraction usng the MRS model not accounting 55| 55 y=1.03"x-22
for short T,* species with the fraction using the 6-echo SPGR data. There is no significant biasin |2 s ¢ P20 g R? :003990 a
fat fraction estimation using the MRS model accounting for short T,* species with the fraction IDEAL-SPGR data fitiing using water-fat model IDEAL-SPGR data fitting using water-fat model
using the 6-echo SPGR data (Fig. 3). Fig. 3: Fat fraction results comparison between: (a) water-fat

Discussion: A rigorous comparison of the bone marrow fat fraction measurement between single- [imaging and MRS with fitting not accounting for short T*
voxel MRS and water-fat imaging should consider the effect of short T,* species. MRS in general |species, and (b) water-fat imaging and MRS with fitting
starts sampling the FID signal a very short acquisition times and is therefore sensitive to the jaccounting for short T* species (dashed line represents the unity).
presence of short T,* species. Clinically accessible gradient echo imaging measures the signa at
TEs longer than 1-2 ms and is therefore much less sensitive to the presence of short T,* species [7,8]. When the MRS model does not account for the presence of the
short T,* species, the area of the short T,* species ends up being considered within the water pesk area inducing an underestimation of the MRS-derived fat fraction
compared to the imaging-derived fat fraction. Therefore, the present preliminary data suggest that in order to compare the fat fraction measurements between MRS and
imaging, the MRS data processing should use a model accounting for short T,* species and exclude the determined area of the short T,* speciesin the calculation of the
MRS fat fraction. After accounting for the effect of short T,* species a good agreement was presently found between the water-fat imaging and MRS fat fractions.
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