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Introduction: Magnetic Resonance Microscopy (MRM), losses inherent to the probe and its interactions with the sample fundamentally limit the achievable Signal-to-Noise Ratio (SNR) and hence the spatial resolution. The reference volumetric probe is the solenoid, for which the imaging performance is limited by the electric field induced in the conductive biological sample [1]. To overcome this limitation, a novel MRM probe is proposed, exploiting the first resonant mode of a ceramic ring resonator to reduce the electric field level in the sample [2].

Methods: The design of the prototype ring resonator was based on a self-developed analytical model and consisted in a specially created 50/50 low-loss composite of BaTiO3/SrTiO3 with Mg additives [3], with the following geometrical parameters: OD 18 mm, ID 5.5 mm, H 10 mm. The composite properties, measured at ambient temperature, were: real relative permittivity 536 and loss tangent 8.10-4.

During MR experiments at 17.2 T, the first transverse electric mode was excited with a loop (ID 1 cm) placed close to the resonator. The latter was tuned to 730 MHz by imposing its temperature to be 21.8°C using a circulating water pad. The reference solenoid coil, built for comparison, had a similar internal volume and was designed to maximize the SNR according to Ref. [4] (4 turns, D 5.5 mm, L 12 mm, 1.5 mm thick copper wire).

Results and discussion: Selected slices from 3D images of a red currant, acquired with the two probes using identical acquisition parameters, are shown in Fig. 1. The standard deviation of the noise, computed within the red boxes and averaged over the entire sample length in the signal-less area, had similar values for the two probes: 6.34 and 6.36 for the ceramic ring and the solenoid, respectively. However, as illustrated by the voxel intensity histograms in Fig. 2, the image quality for the ceramic probe is superior to that of the solenoid, with no overlap between the signal and the noise histograms. From the histograms in Fig. 2, we can also infer the SNR obtained with the ceramic probe which is 1.9 times higher than that of the solenoid.

The B1 homogeneities of the two probes were similar (data not shown).

Conclusion:

We report the design and construction of a novel ceramic MRM probe, which enables a twofold SNR gain over the traditional solenoidal coil. 

Fig. 2 :

 2 Fig. 2: Voxel intensity histograms of the data sets acquired with the two probes.

Fig. 1 :

 1 Fig. 1: Images of a red currant obtained with the ceramic ring (left) and the solenoid (right). Acquisition parameters: gradient echo sequence, flip angle 15°, TE 6 ms, TR 33 ms, spatial resolution 23 µm isotropic, acquisition time 35 min.
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