In Vivo 31P Solid State MRI of Human Wrists: Short-T2 MRI Using the Scanner 1H Channel
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Introduction
For accurate MR measurement of bone mineral or matrix density, solid state resonances with extremely short T2 must be acquired [1-5], necessitating
fast electronic recovery of the scanner receiver chain. Current clinical scanner receivers often are not fast enough. In the case of our 3T scanner, the
31
P receiver takes over 200 μs to recover following an RF pulse, completely
obliterating any solid state 31P signal. However, if PIN diode T/R switches are
replaced with fast passive diode switches, special preamplifiers are used, and the
software receiver recovery delay is reduced, the 1H channel recovers in about 5 μs
[5]. Therefore, in order to image the mineral content of the wrist by 31P solid state
MRI (SMRI), we constructed a frequency converter that enabled the scanner to
operate through its proton channel, while the actual signal excitation and detection
occurs at the 31P frequency. In effect, a special RF “front end” is interposed between
the scanner and the 31P RF coil, enabling high quality 31P solid state MRI.

Materials and Methods

In the frequency converter (Figure 1) the high power 1H transmit pulse is diverted
into a dummy load, and a sample of the pulse is captured via a directional coupler.
The pulse sample is mixed with a local oscillator (LO) frequency to yield a 31P pulse
which preserves all the phase and amplitude characteristics of the original 1H pulse.
The 31P pulse is amplified by a separate RF power amplifier and applied to the RF
coil. The 31P signal is amplified by a separate low noise preamplifier, mixed back to
the 1H frequency and directed into the scanner’s 1H receiver. The RF coil is a 4-strut
split T/R birdcage driven in quadrature which fits tightly about the wrist for good
filling factor. The T/R switch consists of a quad hybrid and passively switched diode
pairs in series with the transmitter and to ground at the preamp. Figure 2 shows the
dramatic improvement in receiver recovery provided by the frequency converter. The
pulse sequence comprises a 3D radial acquisition of FIDs following a hard RF pulse,
with the gradient held constant during the pulse and FID [1,5]. The right or left wrists
of 7 healthy volunteers (5 males, 2 females), positioned near isocenter and angled for
comfort at 15° horizontal with respect to B0, were scanned. The isotropic FOV = 150
mm, matrix 1283, rectangular excitation pulse 10 μs (10°), dwell 7 μs, gradient 28
mT/m, number of projections 8148, receiver recovery delay 20 μs, TR 275 ms,
second acquisition [5] for k = 0 recovery (dwell 20 μs, gradient 7 mT/m, 20
projections), 37 min overall scan time on a Siemens Trio 3T scanner.

Figure 1. Frequency converter simplified block diagram.

Figure 2. Scanner receiver recovery via direct reception
(left) and via frequency converter (right).

Results and Discussion

The in vivo 3T 31P resonance line width and T1 of the mineral of the human wrist
were found to be 2.0 kHz and 18 s, respectively. Using tubes of hydroxyapatite
powder, the spatial resolution was found to be about 5 mm based on the
experimentally measured point spread function (including intrinsic spectral resolution and limitations
due to the reconstruction). Excellent quality fully isotropic images of the radius and ulna were obtained,
with SNR ~30, good enough to enable isosurface contouring to delineate the bone volumes (Figure 3).

Conclusions

In vivo 31P SMRI visualization of human wrist bone mineral with clinical scanners is feasible with
suitable modifications to circumvent the scanners’ inherent limitations in reception of short-T2 signals.
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