
Evaluation of metal artefact reduction 
algorithms for radiotherapy treatments

Candice Milewski, Rachael Wilks, Tanya Kairn, Scott Crowe



Introduction

ÅRadiotherapy patients may present for treatment with a range of 
metal implants in situ, which produce artefacts in CT imaging
ÅMany Australians adults have amalgam dental fillings

Å3% to 5% of British men in the highest risk age group for prostate cancer 
have at least one hip prosthesis

ÅSolutions include MV or dual energy imaging and metal artefact 
reduction algorithms (MARs)

ÅMARs are now provided by all the vendors in this space



Metal Artefact Reduction

ÅMAR algorithms have been examined widely in the literature; 
generally in terms of artefact removal in surrounding tissue

ÅIn a radiotherapy setting, the accurate contouring of implants 
themselves may allow the exploitation of more degrees of 
freedom in treatment planning ( Rijken et al. 2017)
ÅAssuming overrides can be introduced for accurate dose perturbation

ÅIn this project we analysed the performance of 2 commercial 
solutions: Siemens Somatom w/ SEMAR and Toshiba Aquilion w/ 
IMAR; compared against our ògold standardó of Tomotherapy MVCT



Methods and materials

Currency Coin Composition ɟelectron

AUD 0.20 75% Cu, 25% N 7.4

EU 0.10
70% Fe, 18% Cr, 9% Ni, 

2% Mn, 1% Si
7.5

GBP 0.20
70% Fe, 18% Cr, 9% Ni, 

2% Mn, 1% Si
7

RMB 0.10 100% Al 5

ÅWe imaged:
ÅVarious stacks of coins

Åsilver bar & pacemaker

ÅIn two different water 
phantoms, with object 
both at centre, and off



Methods and materials

ÅScanned using: TomoTherapy MVCT, Siemens Somatom and Toshiba 
Aquilion



Methods and materials

ÅWe analysed:
ÅGeneral image quality (surrounding)

ÅApparent dimensions of metal objects for different window settings

ÅPenumbral width for HU profiles

ÅPresence of cupping artefacts in HU profiles, within metal object

ÅEstimated electron density obtained from CTED curve (extrapolated from 
Titanium and Steel GammexCTED phantom inserts)



Methods and materials



Results: General image quality

MVCT SEMAR iMAR Largest 

artefact 

reduction 

provided by 

SEMAR 

(Toshiba), 

which also 

introduced 

substantial 

artefacts to 

coin stack



Results: Apparent dimensions

WP ðsmall phantom, WT ðlarge tank



Results: Apparent dimensions

Best case: 

Tomotherapy

1 coin 2 coins 3 coins 5 coins 7 coins 22 coins



Results: MVCT



Results: SEMAR



Results: IMAR



Results: off -centre placement



Two methods for HU assignment

ÅPreparing CTED data usually involves taking the mean HU in a ROI 
in the centre of inserts in a CTED phantom
Å+ checking insert in different locations, to account for centre off -set, etc.

ÅWe did this, but recognising that artefacts had been introduced 
inside the coin stacks, we needed an alternative

ÅSo we also took the mean of the maximum HU across multiple 
slices



Results: mean HU

ÅLine and yellow bar 
indicates CTED curve, 
including steel and 
titanium Gammex inserts

ÅData points with error bars 
for coin stacks

ÅResults were poorer 
extrapolating from bone 
data


