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Target Audience:  Clinicians and researchers interested in diffusion-weighted imaging near metal implants 
Purpose:  Conventional diffusion-weighted (DW) imaging uses echo-planar imaging techniques.  Near metal implants, echo-
planar images are rendered unrecognizable due to image distortions from implant-induced magnetic field perturbations.  3D-MSI 
techniques have been successful in reducing metal artifacts that have historically confounded MRI assessment near metal 
implants [1,2,3].  However, these techniques are traditionally based on 3D fast-spin-echo principles and are therefore not 
inherently supportive of diffusion-weighting principles.  This is due to the well-known non-CPMG effects 
introduced by diffusion preparation gradients in fast-spin-echo pulse sequences [4].  Here, we 
merge a number of advanced technologies to enable diffusion-weighted imaging 
capabilities near metal implants.  The utilized technologies in this demonstration are 
non-Cartesian PROPELLER fast-spin-echo imaging [5], alternating RF phase 
modulation for CPMG stability in PROPELLER [6], split-blade non-CPMG 
PROPELLER [7], and 2D-Multi-Spectral Imaging (2D-MSI) [8].      
Methods:  Non-CPMG echo stabilization was performed through alternating X-Y RF 
refocusing-pulse phase modulation across the PROPELLER echo trains, as presented 
in [6].  In addition, the CPMG-stabilized odd and even echoes in each train were 
separated into orthogonal blades [7].  This allows the inherent phase-correction steps 
in PROPELLER processing [5] to correct for any residual phase variations between the 
odd and even echoes. Diffusion-weighting was applied to the sequence through 
application of identical gradient lobes on either side of the first refocusing pulse [6].  
Finally, 2D-MSI [8] was applied to the sequence by matching the bandwidths and 
selective-gradient amplitudes of the excitation and refocusing pulses and then 
inverting the sign of the excitation selection gradient.  This allows “inner-volume” 
excitation of spatially and spectrally limited regions with high receiver bandwidth.  
Multiple images are then acquired at incremented resonance frequency offsets.  As 
presented in [8], this reduces to a 2-dimensional implementation of the MAVRIC [1] 
method.  In this case, excitation and refocusing pulses of 1.2 kHz nominal bandwidth were collected with at an incremental 
spacing of 600 Hz. 
Results:  Figure 1 demonstrates the MSI principle applied to non-CPMG PROPELLER imaging.  A severe off-resonance 
distribution was induced by placement of a stainless steel clip in an agarose phantom at 3T.  The conventional DW 
PROPELLER image (b=1000, through-plane) shows dramatic slice-selective distortions, pileup artifacts, and non-Cartesian 
streaking artifacts. A selection of DW PROPELLER MSI spectral bin images illustrates how this severe off-resonance distribution 
can be segmented into manageable spectral-spatial bins that can be successfully reconstructed using 
conventional PROPELLER methods and do not exhibit substantial image artifacts.  Figure 2 
shows a demonstration on two titanium fixation screws embedded in an orange at 3T.  A 
selection of DW-PROPELLER MSI bins (b=500, through-plane) are shown, as well as 
conventional EPI and DW PROPELLER images.  The DW-EPI image, even using 2X in-
plane SENSE parallel imaging, is rendered almost unrecognizable.  DW PROPELLER alone 
can substantially improve upon this performance, but still shows significant intensity 
distortions in the image (arrows).  The bin-combined DW PROPELLER MSI image removes 
many of these intensity artifacts.  The total acquisition time for the composite 2D-MSI DW 
PROPELLER image in this case (3 slices, 5 spectral bins) was roughly 2.5 minutes.   
Remaining “ring” artifacts are seen in the combined MSI image (arrow), which are “are well-
known in MSI methods [9] and can likely be reduced in the future with improved spectral 
profile designs.             
Discussion: The presented approach will likely prove useful for diffusion weighting near 
small implants requiring reduced slice coverage, particularly in the spine.  Further work will 
be required to integrate the presented methods with 3D-MSI principles, which will be 
required for use with larger implants.  In addition, for implants with larger off-resonance 
distributions and more significant slice-coverage needs, parallel imaging and/or multi-band 
techniques will need to be integrated into the PROPELLER MSI acquisition and 
reconstruction schemes.       
Conclusion: Diffusion-weighting imaging near metal implants is feasible through the 
combination of non-CMPG FSE methods, PROPELLER imaging, and MSI artifact reduction 
principles.      
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