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Introduction: Orthopedic implants are known to be the source of large field inhomogeneity in 
MRI, leading to artifacts that obscure relevant soft-tissue information in the proximity of the 
implant. The deterministic nature of these susceptibility artifacts has led to novel and exciting 
applications of simulated field maps for object localization and susceptibility estimation. These 
techniques hinge on the ability to calculate spatially accurate field maps and compare them to 
experimental data; however, these experiments may suffer from inaccurate co-registration 
between the simulated and scanned field maps, making quantitative validation of the underlying 
simulation challenging. We present the evaluation of a novel 3D printed phantom, which allows 
for generation of geometrically robust regions of interest to quantitatively compare an 
experimentally acquired field map to its simulation. We demonstrate the utility of the phantom 
by comparing a scanned vs. simulated field map surrounding two titanium rods.

Methods: The phantom consists of 7 mm spherical markers placed along the perimeter of the 
phantom generate a bounding box, within which metal objects can be placed. This experiment 
configured the phantom with two titanium rods (78 mm length, 6.4 mm diameter) held by clips 
26 mm apart in the center of the phantom. The phantom was submerged in a CuSO4 solution 
and evacuated of air. Experimental B0 field maps were calculated from the difference in phase 
accumulation between two gradient-echo scans at 3T (8-channel head coil; 256x128x128; 1 
mm isotropic voxels; TE = 3, 3.5 ms; TR = 15 ms; 15 flip angle) resulting in field maps with 1 
kHz bandwidth. The centroids of the marker beads were calculated, providing fiducial points 
that define the boundary of a volume of interest of 91x91x130 mm. A Fourier-based simulation 
was used to calculate the field map surrounding the titanium rods, in the configuration of the 
physical phantom with an assigned titanium susceptibility  = 182 ppm. The simulated volume 
was co-registered with the scanned VOI by matching the centers of the simulation and scan 
volumes.

Results: Quantitative comparison between simulated and scanned field maps yields line profiles 
that closely match in voxels with high signal. The low signal metal voxels show characteristic 
noise spikes in their expected location, indicating a good coregistration. 

Discussion: The high susceptibility of metal creates a field inhomogeneity that is highly sensitive 
to object geometry and orientation that is difficult to ascertain without reference geometry. The 
presented phantom is easily customized and provides a means of accurate 3D registration 
between simulated and experimental field maps. Future research will make use of this design 
with more complex implants to better characterize the field perturbations they generate, with the 
aim of incorporating this knowledge into metal artifact reduction. 


