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The Analysis of CT Number Rate of Change of Applying The Iterative
Metallic Artifact Reduction Algorithm for CT Reconstruction Image

Hyeonju Kim, Joon Yoon’
Department of Radiologic Technology, Dongnam Health University

Q % E ATE HFH d5FEY A AAT & gl 958 1UE EZ-E Somatom Definition Flash(Siemens,
Enlarge, Germany.)®?} GE 64-MDCT (Discovery 750 HD, GE HEALTHCARE, Milwaukee, USA.)2~70 & & 53 gl od )
olEl9} o] HJ¥ Raw H|o|E] 445 o]-&3t] IMAR ¢ile]53 MAR €atg]s A8 2 A543 & CT A998
CT Number W3H&-& a0z FAsch 1 A3 Aol RE o858 2% B2E IMAR €312]5 7 MAR &t
2= 28 Al CT Number®] W3t} Jake] 2lo]7b 9= Ao 2 VEREAITHp<0.05). Stainless Steel 7 Hél% Black streak
artifactl Al MAR H IMAR €318]F 28 Al Al7+4 /9] W3¢k CT Number®] Hstatol7l gle 2102 A4 5 ivt
(p>0.05). =3t o|n] &d¥ Raw HloE %} #4127 IMAR €1E]5 A& Al A8 Aol vgte] 947 CT Number #1387}
9lo], IMAR ¢ig]& A8 Attenuation deviation®l] S | X|+= AL & 4= QL) o] A= H}ELP— ?%3? ImplantA]
& T 34 CTHA Al 759 2 Tz Jug dgste 788 o2 AlsHr.

Abstract This study was performed using Somatom Definition Flash (Siemens, Enlarge, Germany) and GE 64-MDCT
(Discovery 750 HD, GE HEALTHCARE, Milwaukee, USA.) using high-density medical materials that (are
indispensable to?) computed tomography. We analyzed quantitatively the rate of change of the CT number of the CT
reconstruction images by means ofthe IMAR and MAR algorithms using the phantom images acquired after scanning
and previouslycaptured raw data images. As a result, it was shown that the IMAR and MAR algorithms
providedifferent phantom images in the case of all medical high-density materials (p <0.05). The black streak artifacts
were analyzed using the MAR and IMAR algorithmsto determine if they corresponded to stainless steel materials (p>
0.05).Also, it wasfound that the application of the IMAR algorithm affects the attenuation deviation, because there
is a change in the image CT number compared to that before. The results suggest that,in the future, after the implant
procedure,it would beuseful to observe the surgical site and surrounding tissues during follow-up CT scans.
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Titanium, Hip joint: Stainless steel) =3, A& 5 F
o FTAA AlES ¢d AMEsE  PlatinumAdE-2]

GDC(Guglielmi Detachable)Coil, *|o} SH A= A-8-F]
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Definition Flash(Siemens, Enlarge, Germany.)2} GE
64-MDCT (Discovery 750 HD, GE HEALTHCARE,
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H CT NnumberE ©]&3t9 72F7l5(Attenuation
deviation)Z 33t & 7} Aujd ¥ E 74 ATE W)
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(1),(2),(3) olelle} 2tHFig.1,2,3,4,5].

Attenuation deviation(%) = (GT - WFBP) + (1000 + GT) (1)
GT(Ground Truth), WFBP(Weighted Filltered Back
Projection)

Attenuation deviation(%) = (GT - MAR) + (1000 + GI) (2)
GT(Ground Truth), MAR(Metal Artifact Reduction)

Attenuation deviation(%) = (GT - IMAR) + (1000 + GT) (3)
GT(Ground Truth), IMAR(Iterative Metal Artifact
Reduction)
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Fig. 1.

I

image of Paraffin phantom insert to High density
material

elvic rod  Neuro coil

GT

Fig. 2.

WEFBP IMAR

image of After Paraffin phantom insertion
measurement of Neuro coil(Platinum)

GT

Fig. 3.

WFBP IMAR

image of After Paraffin phantom insertion
measurement of Dental filling(Gold)

Fig. 4.

WEBP IMAR

image of After Paraffin phantom insertion
measurement of Spine screw(Titanium)

GT

Fig. 5.

o vl 1o v

WEBP IMAR

image of After Paraffin phantom insertion
measurement of Pelvic rod(Stainless Steel)
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2.2 Raw data&E&2| CT Nnumber?| Hzls

ojw] Zd¥ <4 CTH’d<] Raw datao] IMAR &3t
g5S Agste] doJE|E  Advantage Workstation
(Version 4.6, GE, USA)Z 213 o2 A4 T WFBPY
43 IMARY4S ©]&3le] Black hole type artifact
Image®} White streak type artifact Image®] 3¢ CT
value#s A3l or Z4¥ CT NnumberE ©]-8-3}
o] 7+oFA4%(Attenuation deviation)Z FHAF & 7} A

M AFE Ak JES WREE v #A F EANY
shth Agd AT BARANEE BY G
7o e Agsioln).

WFBP “WFBP “IMAR “IMAR

Black hole White streak Black hole White streak

Fig. 6. Clinical image of after applying IMAR to
reconstruction of Neuro coil(Platinum)

WFBP WFBP VAR IMAR

Black hole White streak Black hole White streak

Fig. 7. Clinical image of after applying IMAR to
reconstruction of Dental filling-Gold Figure

WEFBP WEFBP IMAR IMAR

Black hole White streak Black hole White streak

Fig. 8. Clinical image of after applying IMAR to
reconstruction of Spine screw-Titanium

WEFBP WFBP IMAR IMAR

Black hole White streak Black hole White streak

Fig. 9. Clinical image of after applying IMAR to
reconstruction of Pelvic rod(Stainless Steel)



Iterative Metallic Artifact Reduction &118]& &g CT AFAGAQ CT Number ¥3E H4

3. gdxtZq

El

3.1

Zt gl

IHE{ ALO| CT Nnumber?| H3l2

955 94 dvlolElek WFBP el A
Black hole type artifact Image<} White streak type
artifact Image9| Al &L FHol 27 2mm<e] ROIE 1
 CT value#ts &334 A CT valuedts &4
Z3} Platinum(Neuro Coil)#2-2> WFBP%%} Black
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artifact Image+ 221 HUZ A 5121 IMAR Black
hole type artifact Image™ -197.6 HU, White streak
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deviation®] MAR &-12]50014 94%, 51%9F IMAR &
1EF 1%, 38%% MAR &ig]FolA BTt IMAR &
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=t} Gold(Dental fillng)#]2 ol 4] WFBP Black hole
type artifact Image+= -557.4 HU, White streak type
artifact Image™ 718.6 HUSZ Z7 % o] Attenuation
deviation®] 62%, 49%, MAR Black streak artifact=
-188.63 HU, White streak type artifact Imaget
-100.64 HU, IMAR Black hole type artifact Image+

-122HU, White streak type artifact Image+= -29.6 HU
© 32 Z7= o] Attenuation deviation®] MAR ¢il2]&
4 30%, 22%2 IMAR ¥ig]E A8 Al 24%, 16%
2 oA e s AR Wt gle AoR FAHAh
Titanium(L-spine) 2] 2ol 5] WFBP Black streak artifact
9] 74$- -170.8 HU, White streak type artifact Image+
368.9 HUZ =A% o] Attenuation deviation®] 22%,
-29%% YERSA F %13 MAR Black hole type artifact
Image+ -123.8 HU, White streak type artifact Image+
227.25 HU, IMAR Black streak artifact= 177.6 HU,
White streak type artifact Image™ 36.5 HUZ Z7 ¥ o]
Attenuation deviation®] MAR 17%, 21%%} IMAR
11%, 2%%= MAR ¥ilg]&o| Xt} IMAR &aig]5ol
Al 2 Wt Aoz EAFHAC

Stainless steel (Hip joint)#] 2o 4] WFBP Black hole
type artifact Image®] 73-9-327.2 HU, White streak type
artifact Imaget™ 271.8 HUZ ZAZ°] Attenuation
deviation®] 16%, 62%= YEFJTE MAR Black streak
artifact™ -265.52, White streak type artifact Image<
547 HU, IMAR Black hole type artifact Imaget
-231.3 HU, White streak type artifact Image+ -159.2
HUZ Z#% o] Attenuation deviation®] MAR 7%,
34%°} IMAR 2%, 7% Black streak artifact®]

Attenuation deviation®| A& TA|E 7HAXS B AW

o] =
AT

Table 1. Measurement of CT Value to high density material Phantom (unit:HU)
Ground
Truth WFBP WEBP MAR IMAR MAR IMAR Percentage
Percentage Percentage
(GD
B -187.3 -1019.8 101 -960.8 -197.6 93 1
) p 0.01
Platinum
w 219 52 221 108 50 36
p 0.001
B 157 -557.4 62 -188.63 -122 30 24
Gold p 0.002
w 718.6 49 -100.64 -29.6 22 16
p 0.002
B 58.1 -170.8 22 -123.8 177.6 17 11
- p 0.00
Titanium = 368.9 29 277.25 36.5 21 2
P 0.01
B =213 -327.2 16 -265.52 -231.3 7 2
Stainless P 0.688
steel w 271.8 62 54.7 -159.2 34 7
p 0.002

* % % %
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B : Black hole type artifact Image, W : White streak type artifact Image
WFBP Percentage(%) : Atteuation deviation = (GT-WFBP)+(1000 + GT)
MAR Percentage(%) : Atteuation deviation = (GT-MAR)+(1000 + GT)

IMAR Percentage(%) : Atteuation deviation = (GT-IMAR)+(1000 + GT)
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Table 2. Measurement of CT Value to clinical reconstruction image

(unit:HU)

Ground Truth

(GT) WEBP WEFBP Percentage IMAR IMAR Percentage
Platinum B 50.8 -196.3 24 -17.6 7
Y 142.8 9 67.4 2
Gold B 70.7 -286.7 33 -32.1 10
\ 381.5 30 128.4 5
L. B 231.6 -913.1 93 -197.6 35
Titanium w 983.1 61 4223 15
. B 422 -499.7 52 3.5 4
Stainless steel W 5231 4% s6.1 ,

* B : Black hole type artifact Image, W : White streak type artifact Image
* WFBP Percentage(%) : Atteuation deviation = (GT-WFBP)+(1000 + GT)
* IMAR Percentage(%) : Atteuation deviation = (GT-IMAR)+(1000 + GT)

White streak type artifact Image®| Attenuation
deviationol| A= & Bk 9o Wskgo] A
g2 FAE o83kl AR +A4A ¥ Platinum, Gold,

Titanium, Stainless Steel< Black hole type artifact

o]
a5

Image®} White streak type artifact Image =7 p-value
el 0.0selstE Fela Aolt gl Ao ek
Wk Stainless Steel AZ&-2 Black streak artifactol] A
p-valuezke] 0.05¢1°F2.2 #2450 MAR E& IMAR
daels o= FoAF Aot gle Ao® yet
(Table 1).

3.2 Raw data ¥&C| CT Nnumber?| Hsl=

WFBP%/J# 71& CT%% dlolEel  Advanced
reconstruction options”]s 5 Artifact correction 7|5
& AE3 IMARA T4 94 HolE S ]8-3te] Black
hole type artifact Image®} White streak type artifact
Imagedl| Al 3 CT value?kS 4% A7} Platinumdl]
~] WFBP Black hole type artifact Image®] 7-9-196.3
HU, White streak type artifact Image= 142.8 HUZ &
A=o] Attenuation deviation©] 24%, 9%% YERTH
IMAR Black hole type artifact Image<] 74-9-17.6 HU,
White streak type artifact Image™ 67.4 HUZ Z4 ¥ o]
Attenuation deviation®] 7%, 2%% =4 % At} Goldol
»] WFBP Black hole type artifact Image®] 7-9-286.7
HU, White streak type artifact Image+= 381.5 HUZ &
=] Attenuation deviation®] 33%, 30%% YERTH
IMAR Black hole type artifact Image<] 74-$-32.1 HU,
White streak type artifact Image= 128.4 HUZ 4
o] Attenuation deviation®] 10%, 5%=Z ST SIch
Titanium®] 4] WFBP Black hole type artifact Image2]
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7$-913.1 HU, White streak type artifact Image:
983.1 HUZ =A% o] Attenuation deviation®] 93%,
61%% YEFTE IMAR Black hole type artifact Image
9] 7$-197.6 HU, White streak type artifact Image+
4223 HU®E ZAE%o] Attenuation deviation®] 35%,
15%% A A Stainless SteellA] WFBP Black
hole type artifact Image2| 73-9--499.7 HU, White streak
type artifact Imaget= 523.1 HUZ =7 o] Attenuation
deviation®] 52%, 461%%= L}EFTE IMAR Black hole
type artifact Image®| 7-§- 3.5 HU, White streak type
artifact Image™ 56.1 HUZ A o] Attenuation
deviation®] 4%, 1%= Z4 = $1tK(Table 2).
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