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BRIEF/TECHNICAL REPORT
SPINE

Unintended Consequences: Review of New Artifacts
Introduced by Iterative Reconstruction CT Metal Artifact

Reduction in Spine Imaging
D.R. Wayer, N.Y. Kim, B.J. Otto, A.M. Grayev, and A.D. Kuner

ABSTRACT

SUMMARY:Metal hardware serves as a common artifact source in spine CT imaging in the form of beam-hardening, photon starva-
tion, and streaking. Postprocessing metal artifact reduction techniques have been developed to decrease these artifacts, which has
been proved to improve visualization of soft-tissue structures and increase diagnostic confidence. However, metal artifact reduc-
tion reconstruction introduces its own novel artifacts that can mimic pathology.

ABBREVIATION: MAR ¼ metal artifact reduction

Metal artifacts are an obstacle to obtaining high-fidelity CT
images in postoperative spine imaging, which is increas-

ingly problematic as the number of instrumented spinal fusions
grows. There were approximately 463,200 spinal fusions in 2014
in the United States,1 a 12% increase compared with 20112 and
nearly triple the amount from 1998.3 Unfortunately, up to one-
third of patients experience no improvement or worsening of
symptoms following surgical intervention4 and require appropri-
ate spine imaging.4-7

The main artifacts introduced by metallic spinal implants
include beam-hardening, photon starvation, and streaking,8

which diminish overall image quality and impair the identifi-
cation of pathology.9,10 Metal artifact reduction (MAR; GE
Healthcare, Milwaukee, Wisconsin) postprocessing techni-
ques have been developed11 to recover image quality and
detail in affected areas and to diminish the artifacts them-
selves.12 Unfortunately, MAR introduces different artifacts
that can mimic pathology, which radiologists need to recog-
nize.12,13 The purpose of this article was to review MAR-
related artifacts seen on GE Healthcare scanners. While only
1 manufacturer is included in this article, many of the con-
cepts are applicable to different vendor products that use
similar techniques.

MAR Technique and Its Benefits
MAR is an automated postprocessing, projection-based tech-
nique developed by GE Healthcare that addresses metal artifacts
in 3 stages. First, metal artifacts are identified in the source tomo-
gram projection using a density threshold. Second, the data lost
from metal artifacts are reconstructed into an inpainted projec-
tion with corrected data, which is generated by estimation from
artifact-free areas. Finally, the corrected projection is formed by
combining the inpainted projection and the original projection,
which reveal details of structures obscured by artifacts.14,15

MAR reconstruction has been shown to significantly improve
visualization of obscured soft-tissue structures and diagnostic
confidence compared with the standard weighted filtered back-
projection reconstruction method.12 Paraspinal soft tissues adja-
cent to the fusion hardware are obscured on traditional images,
while the MAR image allows adequate visualization of the under-
lying structures (Fig 1). Despite the clear benefits of applying
MAR to decrease metal artifacts, MAR introduces its own unique
artifacts.

MAR-Related Artifacts and Limitations
MAR-induced artifacts have been described in the hip and
elbow,15 but there are limited descriptions of these artifacts in
the spine12,16 where MAR artifacts frequently mimic pathol-
ogy. The primary artifacts include the following: perihardware
lucency, pedicle screw lucency, factitious subarachnoid mate-
rial on myelography, and misrepresentation of intraosseous
cement.

Perihardware Lucency. Perihardware lucency (Fig 2A, white
arrow) is concerning because it usually signifies loosening of the
hardware; however, this is not visualized in the non-MAR images
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(Fig 2B). More troublesome is that
these artifacts persist in multiple
planes as shown in the axial plane
(Fig 2C, -D).

Pedicle Screw Lucency. Pedicle screw
lucency occurs when the implanted
hardware fatigues and fractures (Fig
3A, white arrow), which is not seen on
the non-MAR image (Fig 3B). This
artifact is not uniform throughout
the MAR series, and adjacent images
demonstrate that adjacent screws are
unaffected.

Subarachnoid Material on Myelo-
graphy. Factitious subarachnoid mate-
rial can be seen on myelograms when
MAR is applied, particularly in areas
of concentrated intrathecal contrast.
There is hypodense material in the
dorsal spinal canal (Fig 4A, white
arrow), which is not seen on the non-
MAR image (Fig 4B). This artifact
could be mistaken for arachnoiditis,
tumor, or layering debris and may
lead to unnecessary further work-up.

Intraosseous Cement Abnormal Dis-
tribution. Postvertebroplasty cement
configuration can appear irregular and
fragmented with indistinct margins
(Fig 5A, white arrow) and an internal
heterogeneous pattern of vertebral
body filling; however, in the non-
MAR image (Fig 5B), the bone cement
has a normal uniform distribution
with clearly defined margins.

CONCLUSIONS
MAR is a useful imaging reconstruc-
tion technique that can minimize
metal artifacts, thus improving soft-
tissue visualization and diagnostic
confidence in the setting of spinal
hardware;12 however, it is critical to
understand the generated artifacts
to render a correct interpretation.
One limitation of this article is that
we exclusively used GE Healthcare
scanners. While MAR techniques
of different vendors may have over-
lap in method (ie, projection modi-
fication is used by GE Healthcare
and Philips Healthcare), each ven-
dor ultimately has its own proprie-
tary algorithm.17 All can potentially

FIG 1. Axial lumbar CT images of a 15-year-old boy with spinal muscular atrophy type II who
underwent posterior spinal fusion of T2–L5 due to severe scoliosis. A, MAR images demon-
strating improved visualizations of soft tissues surrounding the hardware. B, Uncorrected
images show artifacts covering soft tissues surrounding the hardware.

FIG 2. A, Sagittal CT image of posterior lumbar spinal fusion with the MAR technique applied
shows lucency surrounding the L5 pedicle screw as indicated by the white arrow. B, Image A
without the MAR protocol applied, C, Axial CT image shows bilateral pedicle screws with the
MAR technique applied, demonstrating lucency surrounding the bilateral pedicle screws (white
arrows). If the MAR images were viewed alone, these lucencies could be mistaken for hardware
loosening. D, Image C without the MAR protocol applied.
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simulate undersampling due to oversmoothing by the MAR
algorithm in areas where dense objects interface with bone, as
shown in previous phantom modeling demonstrating distor-
tion of hardware.17

At our institution, we include a set of standard images along
with the MAR postprocessed images (from a single CT acquisition)
on the PACS to allow confident identification of MAR artifacts and
true pathology or postoperative complication. Given the widespread
use of MAR techniques and the implication of misinterpreting arti-
facts, it is crucial that radiologists recognize these artifacts exist.

Disclosures: Allison M. Grayev—UNRELATED: Royalties: McGraw Hill, Comments:
Author.
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FIG 3. A, Sagittal CT image of posterior spinal fusion of the MAR pro-
tocol demonstrating lucency through the pedicle screw (white
arrow). This lucency clearly mimics a fracture, hence could be called
a “pseudofracture” if non-MAR images are not available. B, Image
without the MAR application shows a normal appearance of the pedi-
cle screw.

FIG 4. A, Sagittal MAR CT image with fusion hardware in the lum-
bar and sacral spine demonstrates apparent hypodense material
(white arrow) in the dorsal spinal canal not seen in the non-MAR
image. This filling defect could be mistaken for arachnoiditis, tu-
mor, or layering debris and lead to unnecessary further work-up.
B, Non-MAR image without evidence of material within the spinal
canal.

FIG 5. A, Axial CT image with MAR applied demonstrating an irregular
fragmented appearance of bone cement with indistinct margins
(white arrow). B, Non-MAR counterpart image with normal appear-
ance of bone cement with accurate representation of vertebral
filling.

AJNR Am J Neuroradiol 40:1973–75 Nov 2019 www.ajnr.org 1975

http://dx.doi.org/10.1097/BRS.0b013e31820cccfb
https://www.ncbi.nlm.nih.gov/pubmed/21311399
http://dx.doi.org/10.1097/BRS.0000000000000428
https://www.ncbi.nlm.nih.gov/pubmed/24859574
http://dx.doi.org/10.1111/j.1526-4637.2011.01089.x
https://www.ncbi.nlm.nih.gov/pubmed/21463472
http://dx.doi.org/10.1148/rg.273065055
https://www.ncbi.nlm.nih.gov/pubmed/17495292
http://dx.doi.org/10.2147/JPR.S92776
https://www.ncbi.nlm.nih.gov/pubmed/27853391
http://dx.doi.org/10.1148/rg.246045065
https://www.ncbi.nlm.nih.gov/pubmed/15537976
http://dx.doi.org/10.1007/s00586-009-0998-5
https://www.ncbi.nlm.nih.gov/pubmed/19437043
http://dx.doi.org/10.1055/s-2002-23160
https://www.ncbi.nlm.nih.gov/pubmed/11917267
http://dx.doi.org/10.1109/ACCESS.2016.2608621
http://dx.doi.org/10.3174/ajnr.A4416
https://www.ncbi.nlm.nih.gov/pubmed/26251433
http://dx.doi.org/10.1515/biol-2018-0021
https://www.gehealthcare.com/products/computed-tomography/radiation-therapy-planning/metal-artifact-reduction
https://www.gehealthcare.com/products/computed-tomography/radiation-therapy-planning/metal-artifact-reduction
http://dx.doi.org/10.1148/rg.2018170102
https://www.ncbi.nlm.nih.gov/pubmed/29528826
http://dx.doi.org/10.1016/j.ejrad.2013.02.024
https://www.ncbi.nlm.nih.gov/pubmed/23518146
http://dx.doi.org/10.1088/0031-9155/60/3/1047
https://www.ncbi.nlm.nih.gov/pubmed/25585685

	Unintended Consequences: Review of New Artifacts Introduced by Iterative Reconstruction CT Metal Artifact Reduction in Spine Imaging
	bkmk_bookmark_2
	MAR TECHNIQUE AND ITS BENEFITS
	MAR-RELATED ARTIFACTS AND LIMITATIONS
	Outline placeholder
	Perihardware Lucency
	Pedicle Screw Lucency
	Subarachnoid Material on Myelography
	Intraosseous Cement Abnormal Distribution


	CONCLUSIONS
	REFERENCES


