Assessment of MR compatibility of selected dental alloys
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Introduction

The increasing number of indications for MRI examination of the head and neck regions is associated with growing amount of patients with metal
objects present in the orofacial region, such as dental crowns, fixed bridges, splints and implants, surgical fixtures and clips. This trend also reflects
the frequent usage of dental implants in the reconstruction of prosthetic defects in the oral cavity and in modern surgical methods in traumatology
(osseosynthesis with micromeshes and microplates). These appliances are made of various meta alloys, differing greatly in their magnetic
susceptibility as well as conductivity, which determine their MR impact. For reasons of data quality or safety, the presence of some of these materials
may limit the patient’s eligibility for an MRI examination, especially of the maxillofacial region (dental MRI, oncological and traumatological
diagnoses or genetic malformations) or MRS. The clinical demand for MR-compatible materials will be even emphasized in systems with higher
magnetic field. The goal of this work was to provide dentists and dental alloy producers with indications about the MR significant differences
between various materials and, ultimately, to help them to prefer more MR-compatible materials.

Materials and Methods

Among the commercial materials tested there were (1) alloys of precious metals (Au, Pt, Ag, Ir, Pd), (2) dloys of non-precious metals (Co-Cr, Ni-
Cr), and (3) amalgams (Hg+Ag-Sn-Cu). For their evaluation, cylindrical samples (length 20mm, diameter 4mm) were prepared, placed in a plastic
holder in parallel with By = 4.7T and immersed in water. 2D gradient echo images (TE=4.36ms) were taken from 1-mm-thick slices perpendicular to
By, set to intersect the sample in the middle. The slice selection gradient of 90.5 mT/m (3860 Hz/mm) was sufficient to limit the slice deviation to
<1mm, which was confirmed to be negligible by numerical modeling and by imaging of orthogonal slices. The readout distortion (gradient of 20.0
mT/m, or 850 Hz/mm) was taken care of in data evaluation. Unwrapped phase images were used for the construction of By inhomogeneity maps,
which were compared with the results of a numerical model based on Fourier-domain calculation [1]. The values of magnetic susceptibility were
derived by least-square-error fitting. The electric conductivity was determined by standard electrotechnical measurements of the same cylindrical
samples.

Results

None of the 23 tested materials was ferromagnetic, no forces or torques were detected. The table summarizes the composition of the materials (weight
%), the conductivities ¢ and magnetic susceptibilities x found.
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