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Introduction
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Fig. 1: IMA-GESFIDE pulse sequence for high-speed SI.

Measurement of R for characterizing cancellous bone tigpically
done by fitting the gradient echo amplitudes to some modedifpr
nal decay. This approach faces tpmblems: (a) it assumesthat
relaxation of all spectral components is governed by the $amee
constant, which is not necessarily correctb) at field strengths
>>1.5T R* of cancellous bonemarrow protons becomeextremely
short (~5-10ms) (1), which complicateseasurement since the in-
terferogram cannot be sampled with sufficient precision. Botib-
lems can be remedied l®pectroscopic approaches (e.g. (2Pow-
ever, since cancellous bone density depends on anafométion
and the location of greatest sensitivity to bone loss is not kreown
priori, spectroscopic imaging ipreferable to single voxel ap-

proaches. During recent years several embodiments of high-speed Sl

techniques, based on #@ea by Mansfield (3),andfirst realized by
Matsui et al. (4), have been described (e.g. (5) and refs.)mEtkod
relies on a train of gradient echoes, which are modulatechbynical
shift. An additional Fourier transformation along the time akisn
yields the spectrum at each spaliatation. Here weexplore an im-
plementation of the method at 4T, using multiple interleaved gradi-
ent-echo trains as a means for spectroscopic bandwidth expansion.

Methods

The pulse sequence consists of 8980 pulse pair, followed by a
train of 16 equal-polarity gradient echoes, with the first one coincid-
ing with the spin echo (Fig. 1). lorder toincrease thespectral
bandwidth (i.e. the reciprocal of the effective inter-echo tinme))-
tiple interleaves, offset in timewere used. Thepulse sequence,
which is a derivative of théMA-GESFIDE technique (6),was im-
plemented in theEPIC pulse sequenceprogramming environment
(version 5.7)for imaging at 170MHz(GE Signa™ 4T).Data was
collected with a SE pulse 129.2ms, TR=500ms, scan
time=6.48mins, 128x128matrix. Typically, six 16-echointer-
leaveswerecollected at a samplindrequency bandwidtiBW) of
+32kHz, resulting in 96 echoes, with an effective echo spacing of
1ms (i.e. corresponding to KHz spectral BW, and spectroscopic
sampling time ofL00ms=nominal spectral resolutioflOHz). Raw
datawere processed iDL. A 2D FFT wasperformed to create im-
ages, which were ordered in time. Single voxel time setéathen
yielded FID’swhich, after zerdilling to 128, producedspectra for
each imagepixel. Absorption-mode spectnaere acquired in an oil
phantom and in the calcaneus of a volunteer &t8x1.8x10mm
voxel size.

Results

Fig. 2b shows a 170MHz spectrum of a vegetablepbéntom, ob-
tained with the SI technique of Fig. 1, along withsiagle voxel
spectrum (Fig. 2a). All pertinent resonances of the typical fatty acid
triglyceride spectrum are clearbisible in both spectra, except for

some spectral broadening in taused bythe much shorter spectro-
scopic sampling time. Fig. 3 displays a sagiitahge through the
foot of a 30-year old male subjedhgether with spectraepresent-
ing anatomic regions of different trabecular density with fllow-
ing the order: subtalar > tuber calcanei >cavum calcanei.
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Fig. 2: 170MHz
localized spectra
of vegetable oil
phantom ob-
tained by PRESS
(a) and high-
speed Sl pulse
sequence (b).

Fig. 3: a) Localizer image with
ROI's of single-voxel
(1.8x1.8x10mm) spectra (b)
showing the expected differ-
ences in line width at the three
anatomic locations due to dif-
ferences in trabecular density
and orientation (1).
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Conclusions

The Sltechnique of Matsui et al. (4), with multipiaterleaves for
bandwidth expansion, represents a viable alternative for tagid-

resolution B* mapping of individual spectratomponents. It has
the well known limitations, requiring trade-off betweerspectral

bandwidth and resolution. In the current embodiment, 1&pkctral

width covers 6ppm at 170MHand the 100ms echotrairreduces
spectral resolution to 10 Hz.
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