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Fig. 1. Test of measurement of CT number accuracy
(a) original CT image(metal free)
(b) Nnon-SMART MAR image

(c) SMART MAR image
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Fig. 2. Contouring of Target1 and Target2
(a) Target1 simulated Prostate PTV
(b) Target2 simulated Cervix PTV

Fig. 3. Dose and dosimetrical index comparison of
Target1 plan

(a) Original CT image plan (metal free)

(b) 1T non-SMART MAR plan

(€) 1T SMART MAR plan

(d) 2T non—=SMART MAR plan

(e) 2T SMART MAR plan
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Table 1. Electron dinsity and Physical density of CIRS HU<] H]ﬂd, = z}o)E HY o1}, SMART MAR #-8%
phantom Aol A 0~23 HUC] 2ol & original CT G4k} 245t
Rod Electron density | Physical density(g/cc) CT numbe ﬁ% Holrl 127 SMART MARS 283}
Lung 0.634x10% 0.20 CT9ALS] SDZES non—SMART MAR 9AhHT} mi= 7}
Bone 4.862%x10% 1.53 25t}
Breast 3.261x10% 0.99 AgHs] v) AT} original FAS 7]E0 2 SMART
Liver 3.516x10% 1.07 MAR®] 9AF9] mean dose, HI, CIZ}F©] non—-SMART
Muscle 4.862x10% 1.53 MARSAIELE Xfol7) o A2 Ao & et E5)
Adipose 3.171x10% 0.96 original G432} zlojof A= Eebg rod7 gt 7il A
= 3k GAOIART artifac7} B Bo] WAE 3
Table 2. The mean CT number and SD of 6 points in the CIRS phantom (519]: HU)
Original non—SMART MAR SMART MAR
CT number SD CT number SD CT number SD
volumel ~766.135 14,131 ~703.846 29.265 ~789.876 21868
(Lung)
volume? 55.149 10,374 39.824 24.937 53,554 13.624
(Liver)
volume3 217,088 10.932 252.177 22,038 216,885 20,615
(Bone)
Volume4
R —61.455 10,597 —47.621 26.605 —57.868 16,051
(Adipose)
Volume5
—22.353 11.021 —39.289 30.984 —19.83 15.975
(Breast)
Volume6
46,607 10.776 71.402 22.094 44,020 13.825
(Muscle)

SD: standard deviation

Table 3. The mean dose, Hl and Cl at Target1 and Target2 in the CIRS phantom

Original non—SMART MAR SMART MAR
Mean dose(%) 102.8 101.8 102.8
1T HI 1.088 1.095 1.087
CI 0.87 0.84 0.86
Target1
Mean dose(%) 102.8 101.3 103
2T HI 1.088 1.108 1.087
Cl 0.87 0.74 0.81
Mean dose(%) 99 .4 97.3 99.5
1T HI 1.094 1.103 1.097
CI 0.50 0.18 0.51
Target2
Mean dose(%) 99.4 95.3 98.3
2T HI 1.094 1.110 1.099
CI 0.50 0.3 0.36
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Table 4. Absorbed dose comparison of non—SMART MAR and SMART MAR
D(Eglj)n Q_(:gas D_meas (cGy) (D_meas—?(_)g&r;)/D_planx
Original 99.1 3.325 99.11 0.01
on— SNEIZRT MAR 99.1 3.414 101.77 2.69
SMAIi;"FMAR 101.2 3.414 101.77 0.56
non—Sh/[Z/;rRT MAR 28 3.407 101.56 3.63
VARE AR 101 3.41 101,69 0.68
o 5 7§21 GAOIA | ol A7) vehga, PTVZEF & Aol A AL§3 GEALS] SMART MARS] 7]
% M0 B0 R BAR Targetl Bk /h2d] G4E  Fo] Qi CT GAIA A7ARAL 1) F50] §9)
o] metal artifact®] S @o| ¥h= Target20l4] 27 < wio} SAH CT numberS A&a)51L SDIS 7
Uebgtet ANPORN B QA AL WEOM 5 Y 38
SAeF 24 A} metal artifacrt?} 1= original 3 HiHo ok
Follrs AATSHR R A2 point dose®} HA] Sl TEZF SMART MAR7F 485 @/ o835t A =A=
F A7) 42F 991, 99.112 0.01 %2] 2ol & Holw o] original GAe] A RAZT} GARS Blg 4= 39
79 FdsHA SHEU. ElEhE rodE AFUe S04 om Tl 574 AlolE A5 A4 point doset 4
+ non—SMART @722 AeADS Ags o= 4 A 278719 L2 1 % HREo| e B2 smart mar®]
Al S A7 2.69 %, 3.63 % AFo]7h WAl SMART MAR A& A8 ZNISt 5 A8 A Hoh &gt Agd7dEol
o & A% e r AEADS A% dels= 0.56 o]Fold Zojtt:
%, 0.68 %= A=, = el AY Al 2% non—smart SMART MARE ©]|-&3}'H metal artifact® 9f=2+=]a1
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2 a5 FHle a5 E=ol ot artifact7k= Q1 Aol AT,
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A Study on Usefulness of Clinical Application of
Metal Artifact Reduction Algorithm in Radiotherapy

Department of Radiation Oncology, ASAN Medical Center, Seoul, Korea
Ja Ram Park, Min Su Kim, Jeong Mi Kim, Hyeon Suk Chung, Chung Hwan Lee, Geum Mun Back

Purpose: The tissue description and electron density indicated by the Computed
Tomography(CT) number (also known as Hounsfield Unit) in radiotherapy are important in
ensuring the accuracy of CT-based computerized radiotherapy planning. The internal metal
implants, however, not only reduce the accuracy of CT number but also introduce uncertainty
into tissue description, leading to development of many clinical algorithms for reducing metal
artifacts. The purpose of this study was, therefore, to investigate the accuracy and the clinical
applicability by analyzing date from SMART MAR (GE] used in our institution.

Methode: and material: For assessment of images, the original images were obtained after
forming ROIs with identical volumes by using CIRS ED phantom and inserting rods of six tis-
sues and then non-SMART MAR and SMART MAR images were obtained and compared in
terms of CT number and SD value. For determination of the difference in dose by the changes
in CT number due to metal artifacts, the original images were obtained by forming PTV at
two sites of CIRS ED phantom CT images with Computerized Treatment Planning ([CTP sys-
tem), the identical treatment plans were established for non-SMART MAR and SMART MAR
iImages by obtaining unilateral and bilateral titanium insertion images, and mean doses, Ho-
mogeneity Index(Hl), and Conformity Index(Cl) for both PTVs were compared. The absorbed
doses at both sites were measured by calculating the dose conversion constant (cCy/nC) from
ylinder acrylic phantom, 0.125cc ionchamber, and electrometer and obtaining non-SMART
MAR and SMART MAR images from images resulting from insertions of unilateral and bilat-
eral titanium rods, and compared with point doses from CTP.

Result: The results of image assessment showed that the CT number of SMART MAR im-
ages compared to those of non-SMART MAR images were more close to those of original
images, and the SD decreased more in SMART compared to non-SMART ones. The results
of dose determinations showed that the mean doses, HI and Cl of non-SMART MAR images
compared to those of SMART MAR images were more close to those of original images,
however the differences did not reach statistical significance. The results of absorbed dose
measurement showed that the difference between actual absorbed dose and point dose on
CTP in absorbed dose were 2.69 and 3.63 % in non-SMRT MAR images, however decreased
to 0.56 and 0.68 %, respectively in SMART MAR images.

Conclusion: The application of SMART MAR in CT images from patients with metal implants
improved quality of images, being demonstrated by improvement in accuracy of CT number
and decrease in SD, therefore it is considered that this method is useful in dose calculation
and forming contour between tumor and normal tissues.

»Key word: Metal artifact reduction, CT number accuracy, MAR
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