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Metal Artifact Reduction (MAR)
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Metal Artifact Reduction Software
Used With Abdominopelvic
Dual-Energy CT of Patients

With Metal Hip Prostheses:
Assessment of Image Quality and
Clinical Feasibility

Seung Chol Han' OBJECTIVE. The objective of our study was to determine the feasibility of using Met-
Yo ng Eun ChungI al Artifact Reduction (MAR) software for abdominopelvic dual-energy CT in patients with
Young Han Lee! metal hip prostheses.
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Results and Comparison:
Patient Data
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Results and Comparison:
Patient Data
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Patient dental fillings, slice 110, Somatom Definition Flash, pitch 0.9. Top
and middle row: (C=100/W=750). Bottom row: (C=1000/W=4000)
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NMAR: Results
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NMAR: Results

Patient with hip implant, Somatom Definition Flash, pitch 2.7.
Top and middle row: (C=0/W=500). Bottom row: (C=500/W=1500).
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FSMAR: Scheme
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FSMAR: Results

MAR1

%

Uncorrected

Sd INOYIM

S UM

N TSN

Patient with spine'fixation, Somatom Definition, (C=100/W=1000).
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FSMAR: Results
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Patient with bilateral hip prosthesis, Somatom Definition Flash, (C=40/W=500).
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Patient with bilateral hip prosthesis, Somatom Definition Flash, (C=40/W=500).
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Hip Implant T B50f Kerne
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Hip Implant T B50f Kernel
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Hip Implant T B50f Kernel
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DECT and Pseudo Monochromatic Imaging
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f,, of Patient 1
100 kV / 140 kV Sn

f,_ of Patient 2
100 kV / 140 kV Sn

DEMAR
Patient 3 not applicable since this is
100 kV a single energy CT scan.

literative metal artifact reduction (IMAR) is the Siemens product implementation of FSNMAR.
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A PCCT-based method to generate better prior images for NMAR and FSNMAR

MAR FOR PHOTON-COUNTING CT



Photon-counting normalized metal artifact reduction (NMAR) in diagnostic CT
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Purpose: Metal artifacts can drastically reduce the diagnostic value of computed tomography (CT)
images. Even the state-of-the-art algorithms cannot remove them completely. Photon-counting CT
inherently provides spectral information, similar to dual-energy CT. Many applications, such as mate-
rial decomposition, are not possible when metal artifacts are present. Our aim is to develop a prior-
based metal artifact reduction specifically for photoncounting CT that can correct each bin image
individually or in their combinations.

dkfz.



PCNMAR
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Bone -Emphasized Images

A Instead of segmenting bone, we can apply a non  -linear function to
the input bins

z ECA]  KAIh Wh)

Bin 2 Bone Image
C =50 HU, W = 700 HU

Schiuller, Sawall, and Kachelrie3. Segmentation  Zree empirical beam hardening correction for CT. Med. Phys. 42(2): 794 -803, 2015 dkuQ



Basis Sinograms

A The artificial sinograms approximate higher order beam -hardening
artifacts.

A Each artificial sinogram P IS an element -wise product of two basis
sinograms (i.e. from the bin or bone images):

Pita = Ploinjow A Toifhign A “cBhejow A ‘b nign » IHTHKH =2

A All sinograms are individually backprojected.
A For four bins, there are eight basis sinograms.

Kyriakou , Meyer, Prell, and Kachelrie3. Empirical beam hardening correction (EBHC) for CT. Med . Phys. 37(10):5179 -5188, 2010 dkfz.



Basis Images
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Optimal Linear Combination

A All basis images fiiw are linearly combined to produce an artifact -
reduced image:

B

where the condition ensures that the coefficients of the original bin
Images add up to one.

A To find the coefficients, we minimize a cost function with a Nelder -
Mead algorithm.



Measurements

A CT data of seven forensic specimen

A Siemens Somatom CounT

A Voltage: U =140 kV

A Tube current: I = 300 mAS

A Eff. slice thickness: S_x = 0.6 mm

A Pixel size: ax=ay= 0.5 mm

A Energy thresholds chess mode: 25/45/75/90 keV
A Energy thresholds macro mode: 25/90 keV

A Reconstruction kernel: B40f

All experiments were approved by the local ethics committee (

S-388/2014)




Results: Case 1
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Results: Case 2
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Results: Case 3
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