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Evaluation of O-MAR XD Technique for Reduction of Magnetic Susceptibility Artifact
of Knee Implant

Jung-Hoon Lee

Department of Radiological Science, Shinhan University

Abstract Magnetic Resonance Imaging for patients with metallic implant has poor image quality, and signal loss and arti-
facts including distortion can occur. The purpose of this study is to carry out a comparative evaluation on high receive
bandwidth(hiBW), O-MAR, O-MAR XD to reduce artifacts in knee implant. To take MRI, 3.0T scanner and dual-source ra-
diofrequency transmission were used. O-MAR XD technique’s strong option showed a significant difference (¢0.001) with
O-MAR XD technique’s weak option, O-MAR and hiBW excluding the medium option, O-MAR XD’s medium option had a
significant difference (¢0.01) with O-MAR XD's weak, O-MAR and hiBW, O-MAR XD technique’s weak option had a sig-
nificant difference (p{0.01) with O-MAR XD's strong and medium options, O-MAR and hiBW, O-MAR technique had a sig-
nificant difference (p€0.001) with strong, medium, weak options of O-MAR XD technique except for hiBW, HiBW had a
significant difference (p¢0.001) with strong, medium and weak options of O-MAR XD technique except for O-MAR. The
results showed that O-MAR XD technique was more useful for MRI scan for patients with knee replacement surgery than
traditional techniques such as hiBW or O-MAR, and susceptibility artifacts decreased more when O-MAR XD technique’s
strong or medium option was applied, Based on the results above, it is considered that it will be possible to acquire im-
ages whose susceptibility artifacts were highly decreased by using O-MAR XD technique’s strong or medium option when
conducting MRI for artificial knee joint and it will be helpful for checking and monitoring patients with knee joint

replacement,

Key Words : Magnetic resonance imaging, Susceptibility artifact, View angle tilting, Orthopedic Metal Artifact Reduction,
Slice encoding for metal artifact correction
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A7F UATHS-7], Lo} o FEe] Askg <l
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encoding for metal artifact correction) 714 o] 83t

A7t e Elo] AskE Q1 HaAF s A7 B
J—E] MD]‘ 8-11].
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2 2016 £5 ¥4 X3 (knee Replacement)
O] &2} 4= 66,484 0]l =747t 69,7557 2
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SEMAC /d= |3t sto] SEMAC A|E20A A2l Q1

o] ZtAash= AL HskgitH13]. Xo :’-»"\—E'X‘(dental

o =2
materials)2 AFQ]SE SxJof| A VAT 7|¥H3} SEMAC 7|8
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o] g3t ApehE dlFEo] HAdhes AS Qc’ 1) ‘:H14].
T wy] ZWME = (aneurysm clips) $°% EERFoj|A]
VAT7|$3} SEMACY1HS o]83to] A8l Qla-2o]

kil W ArskeTi15].

Reichert 5-& 1.5T¢} 3.0T MRIS o]&3}o] VATe}
SEMAC—VAT 7]H-< ez} 24-510] ARl B[4
1] VATSF SEMAC-VAT 7]#9] 02240 & urajuict
[16]. 3FA|TE SEMAC7]‘?3 o 24191 SEMAC QIAH(factor) &
152 A3}y ARSI, 11414 TSE(turbo spin echo)

AlfEE A 2 noi A =S Eole e
= H|1L F7} 5] Tk o]l & Aol A= ALAE] TSE
Ao A ASke QleEa FHigh £ol7] ffsl A=
2 =o]&= WH(high receive bandwidth; hiBW)& AR5}
31, O—MAR(orthopedic metal artifact reduction) XD7]

2 strong, medium, weak®| 37} S %83}
SEMAC QIAVE W74siol 1 F2kE ol Frtstaa) siich

E o] BAL 9F HE3E(knee implant) HE o]
A9 A5kE Q1EE TAE 9% hiBW, O-MAR, O—MAR

]

XD(strong, medium, weak) 7|HE2| 23}= v
4 g

37kst

1. e & 2y
1. MR Imaging Acquisition
QF FE53H4(knee implant) WHS 32419 AU o]&-
sfo] ARSI Q1 FEAO) AR ThE-aE B
1} Elels FEHTi—6AL-4V) 2.2 712 6.5 cm, A& 15.5

em Z7|o|th(Fig. 1), IFE FHol= &5 A9 A2
"SIt MRI 9ARE 3.0 T MRI AH|(intera achiva Tx

3.0T; philips medical systems, netherlands)S AR&-3}o]

]o

dual—source radiofrequency transmission< ©]|-&34c}
Imaging protocol-> hiBW, O—MAR, O—MAR XD(strong,
medium, weak) 7| Z-83t T2 FSE TAH(Coronal) 9

A2 E55F9tHFig. 2). hiBW TSE A0 H-8-5 93
A A dZLe A o] ZL2H](signal to noise ratio;

} o

SNR)E L&sto] et &2 FAZ HAE 3R
O—-MAR XD7|®Ho|A strong-241-S SEMAC 1A} 250]41
medium-g41-& SEMAC QIAF7} 170]1 weak-5-41-2- SEMAC
olx}7} 90]¢lt}. hiBW, O-MAR, O-MAR XD(strong,
medium, weak) 7|H9] v F7E YA =
T8} O-MAR®} O-MAR XD2| Ale] £t A5k
(Table 1).

= AT O
— UT =

Fig. 1 Knee implant used for phantom

2. Data analysis

glo]g] E4L INFINITT Version 3.0.11.4 BN4 32Bit
ol A AlaYateict E55 T2 FSE A oAk 7749] o
HojlA hiBW, O-MAR, O-MAR XD(strong, medium,
weak) 0] Zt7Fe] WS S5kt 770 ToflA 7
2 7Hzko] WS EAste] 35702 WA of gt 3he &
S5ttt
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Table 1 MR Imaging acquisition parameters,
O—l;/tI/:)igXD O—ml\/leA;ir;(D O—l\\le/Z:kXD O-MAR H-BW
TR / TE (ms) 3070 / 92 3076 / 91 3000 / 88 3000 / 74 3000 / 74
FOV (mm) 230 x 201 230 x 201 230 x 201 230 x 201 230 X 201
Matrix 288 X 252 288 X 252 288 X 252 288 X 252 288 X 252
O-MAR SEMAC + VAT SEMAC + VAT SEMAC + VAT MARS + VAT
SEMAC factor 25 17 9
Slice thickness (mm) 3 3 3 3
TSE factor 16 16 16 16 16
Water-fat shift minimum minimum minimum minimum minimum
Bandwidth (Hz) 1038.6 1038.6 1038.6 1038.6 1038.6
Scan Time 811 7:59 6:24 5:18 5:18

Fig. 2 Result images according to hiBW, O-MAR, O-MAR XD(strong, medium, weak) techniques of knee implant phantom, (a)
O-MAR XD strong. (b) O-MAR XD medium, () O-MAR XD weak, (d) O-MAR (e) hiBW. (f-) These images were adjusted to

window width 1 for contrast enhancement,

3. Statistical Analyses

X% dlo|El+= SPSS software(SPSS 23,0 for Windows,
SPSS, Chicago, IL USA)& FA|8H4] A4S A3}t
A 7|HOZE One way ANOVAES ©]-835}9111, hiBW,
O-MAR, O—MAR XD(strong, medium, weak)2] HZ|2] 2}o|
2 slhalsisich, Z1BAR olgelol Bt HETAE 79}
A3l FARe] B HS-S $l5lo] Levene BAFS o831
t}. thEH| Al (multiple comparison)S $J8F0] ScheffeH-S
ol-gsto] F71Ql HES AT F2] 52 p<0.05¢
B¢ sAACE Fofsirtal wetstelth, hiBW, O-MAR,
O—MAR XD(strong, medium, weak)2] HZof| st AR} 13
(box plot) L5 LERH AT

prye)
o=

2 I

oy F=14d(knee implant) WMES] hiBW, O—-MAR,
O—-MAR XD(strong, medium, weak)”|¥of @2 A1}
&2 Fig, 20 Yetilitt, Btk EHAE hiBW7 ol A]
123939, 746155 mio])T, O-MAR7|H oAl 12938.0+
561.1 mi®] A gr-S YeEpSlc, 12]al O-MAR XD7|H]
9] weak2Ao] = 6347.141082.2 mi, O—MAR XD 7]
9] medium-ZAof| A= 4569,.8£717.5 mi, O—MAR XD 7]
HOJ strong-2Aof| A= 4072.9£830.0 mre] HA 7FS U
Rl it 24tk 8 A 913t Levene SAT
p=043782 &

ko) B4 HES wES o 4 ok

jL

ar
[e)

= O
o=
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Table 2 Comparison of Areas among the methods, (O-MAR XD strong, O-MAR XD medium, O-MAR XD weak, O-MAR, MARS)

O-MAR XD O—MAB XD O-MAR XD O-MAR H-BW pvale
strong medium
Areas (mm’) 40729 £ 313.7 4509.9 + 717.5 6347.1 = 1082.2  12938.0 % 561.1 12939.7 £ 615.5 (.001
a a C C

All data are expressed as the mean * standard deviation, Data was analysed by ANOVA among methods, The same letters indicate

non-significant difference between methods based on Scheffe multiple comparision test.

15000+

12000

Areas (mm?)
S
g
|

6000
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O-MAR XD O-MAR XD O-MAR XD O-MAR MARS

strong medium
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Fig. 3 Area values according to hiBW, O-MAR, O-MAR XD(strong, medium, weak) techniques, Strong, medium and weak options
of MAR XD technique were measured low in general while of O-MAR and hiBW were measured high,

One—way ANOVA £4|¢] A3}, HASAE F3ko] 223.9
o, p<0.00102 GOl4F 5%= =322 hiBW, O—MAR,
O—MAR XD(strong, medium, weak) 7|H2] Hyto] BF= &
UHA] o5 o 4= Q1Y) =, hiBW, O-MAR, O-MAR
XD(strong, medium, weak) 7|%¥ol| wg} HA2 2o]7}
VS Y o JSHTable 2).

One-way ANOVA H49] 23, olajat £-2]+ 2jo]7} of
T4 AofgAZ ok Sl F7HA0 2 ThEH|mimultiple
comparison)S AA|S}ITH tEH| . B4 Z2of ScheffeH
2 olgalol 27149l 422 ANET, Scheffee] $7
2 AR O-MAR XD7|H 9] strong2-41-2 medium-2-41
< Al¢skal YHZ] O-MAR XD7]¥9] weak, O-MAR,
hiBWe} p{0.0012 F-2Jgt 2}o]E H T} O-MAR XD7|H
9] mediumA2 strong-2A-S A QJskL LJHZ|] O-MAR
XD7|51¢] weak, O—MAR, hiBW} p{0,012 F2J3t 2}o|&

. O-MAR XD7|®H €] weak-341-2- O-MAR XD 7] €]
strong, medium, O—MAR, hiBW%} p<{0.012 F-9J3t *}0]
£ ®Bolth O-MAR 7|2 hiBW7|HE A|¢jstal ]

O—MAR XD7]¥9] strong, medium, weak®} p{0.0012 &
OJgt Zfol= Kt hiBW7|H2 O-MAR 7|'HS Al&|s}
1 MR O-MAR XD7]¥H9] strong, medium, weak®}

p<0.0012 [-2J3t Z}o|& H T} Scheffe] o] 2% FH&

e A,
7Ho gAtio g B
o] 75 O-MARQ} hiBW+ 22 cHtoz B
(Table 2).

hiBW, O—MAR, O—MAR XD(strong, medium, weak”]
Mol W2 W] gk AATH(box plot) T UiEhy
Rt} O-MAR XD 7|H9] strong, medium, weak+ T
2 Wl 24595 O-MARS} hiBWY| e &7 2745
thFig. 3).

O—MAR XD 7]®9] strong¥} medium-2
H=E71 O-MAR XD7]¥H2] weak= b &t
EE AT
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gt 2lske: Qle-Eol A= UEhten O-MAR XD 71§
9] medium-&4, weak-24, O—MAR, hiBW7|¥] &0 2 9]
=0 AR & 4= et O-MAR XD71H 9] medium-3
A9l Aakg QlEEL strong gAY} Fe Hdow HEE
ArEg o7t 2] LUth O-MAR XD7]H 2] weak-24
2 strong¥ mediumgA Erl= W2 X3hE olg-Eo] H
Ak, O-MARS} hiBW7|H Hrh= X 22 Aeks
s=°] UEETh O-MARS} hiBW7|H-2 7H g2 A5}
Qlg-=o] EAYSHAAL O-MAR XD7| K3} H] 1 sko] HA|
Al QlE=e] Hate avE & ¢ sk

BBWL 1414 TSE Aol Aok QIEE-S 7144)7]
7] $18ll =& band widthE ARES] T E8of ozt Q5=
& 248} Sl Wlolck, SHAE SR Q1B RS o fj
om AT SAE BF e Aol T,
O-MARS} O-MAR XD= PhilipsAtollA] A2k /\]-zr%]i\_i
Z| 2ol A8t e Aske EEe £o17] fIet 1

7]4E0]t} O-MARYE hiBWS} VAT 7]#9] Z3to|ch VAT

7% 19881 Cho 5o 2sf 7 o= de A
ARl 371491 AP Q1715191 in-plane AFE
= HAsk= Al 7HeltH17]. O-MAR XDs= VATS}
SEMAC 7% 9] Zgto|t} SEMAC 718 2009 Wenmiao
o ojs) Akl W= Ha He) Aapel by s
AARAS 32715k0] in—plane®} through—plane & 259]
Aok QlsEs BAshs 7IHeltH1s].

24 gzusd o AFEL Fol2lt 29 AT
=2 AHHEHE, Song 52 one—source radiofrequency
transmissiong 08

5+ SEMACT} dual—source radiofrequency
transmission(DSPRF)2- o]-83}

3l SEMAC7]HHE v|n H7}
sto] & HFoA Apeke QlEEe] 44skRlal, DSPRF+=
AT o 2ol QR §ig) glo] Ak dvEa
Ao w EGrkal HuskgioH19], & AtolAE dual-
source radiofrequency transmission(DSPRF)2 ©]-83]0
o, ©3}o] O-MAR, O—MAR XD(strong, medium, weak)
= u)m WS Gunilla 5L 0% 13 X3 (total
Fzjoll A T1-hiBW, T1

oL o 2
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O
hip replacement; THR)& ¥
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