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ABSTRACT

This study is aimed to evaluate the effects of a synthetic MR technique in reducing metal artifacts. In the
experiment, the in-plane and through-plane images were acquired by applying a synthetic MR technique and a
high-speed spin echo technique to a phantom manufactured with screw for spinal surgery. The area of the metal
artifact was compared. The metal artifacts were measured by dividing the signal-loss and the signal pile-up areas,
and the area of the final artifact was calculated through the sum of the two. As a result, the metal artifacts were
relatively reduced when the synthetic MR techniques were applied to both in-plane and through-plane. Comparing
by sequence, the in-plane T1 images decreased by 23.45%, T2 images by 20.85%, PD images by 19.67%, and
FLAIR images by 22.12%. Also, in the case of the through-plane, the T1 image decreased by 62.95%, the T2
image decreased by 73.93%, the PD image decreased by 74.68%, and the FLAIR image decreased by 66.43%.
The cause of this result is that when the synthetic MR technique is applied, the distortion is due to the signal
pile-up and does not occur and the size of the entire metal artifact is reduced. Therefore, synthetic MR technique
can very effectively reduce metal artifacts, which can help to increase the diagnostic value of images.

Keywords: Synthetic MR, Metallic artifact, Signal loss, MR signal pile up
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II. MATERIAL AND METHODS

1. 97 A=

282 98] 3.0T MRI (GE Discovery 750 3.0T,
GE Healthcare, Milwaikee, Wisconsin, USA) 74| <}
32 g F+58 3Y (32 Channel Head MRI Coil,
MR instruments, Minnetonka, Minnesota, US)S A}-&
shoith 183l MRI AAF Al 55 1EE9] s

e Eeky dEow AfE A S8 A

(CD HORIZON SOLERA Spinal System, Medtronic,
Minneapolis, Minnesota, US)E ¥ 87| 1173}
A 71F (o) A WHES A AT

2. A B
Table 13} #o] MRI #HAh= AHS dide= a1
% 23 o= 7|9 (turbo spin echo technique, TSE)
< o]&3to Ti, T2, ¥4A =X (proton density,
7z 9% 28al FLARR 942 85
itk el =4 el B AeE vlust
7] 913l Synthetic MR 7|95 ©]-83lo] F-E& &5
St olE 93 MAGIC A]¥2: (MAGnetic resonance
image Compilation, GE Healthcare, Milwaukee, Wisconsin)

& Argatele.

f

Table 1. Imaging parameters

P Turbo spin echo Synthetic
arameters
TI T2 PD  FLAIR MR
TR (ms) 785 4000 4000 12500 5488
TE (ms) 7.4 102 11 130 13.52, 87.88
TI (ms) 2736 auto
ETL 3 16 12 23 16
NEX 4 6 6 2 1
FOV (mm?) 10
Thickness/gap (mm) 2/0
Matrix size 128x128
Slices number 30
Bandwidth (kHz) + 22.73

T4 A TR, TE, TL %3t 71 9] 94 W5t 144
o2 H5F Gy 24 SYs A

AAF WH2 in-planed|l A o] F5 Q¥ E o] HHAY
AEE #Hrkskzl s 8 WA Fdd
(axial) FAS F533Ath 283l through-planeol]
= B AEE Hls] fal e

o
T o
& HARe] B3 (coronal) FFE H5T F A

hul
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Fig. 1. In-plane metallic artifact measurement. (A) T2
contrast weighted image using fast spin echo,
measurement of (B) signal-loss and (C) signal pile-up.
(D) T2 contrast weighted image using synthetic MR,
measurement of (E) signal-loss.

.
.

-

Fig. 2. Through-plane metallic artifact measurement. (A)
Axial reformation image of T2 contrast weighted image
using fast spin echo, measurement of (B) signal-loss and
(C) signal pile-up. (D) Axial reformation image of T2
contrast weighted image using synthetic MR,
measurement of (E) signal-loss.

4. T4 &4

TSE 7|H o2 353k 4243 Synthetic MR 7| %
o7 53 JAoAe 55 AFE AolE BT}
7] 98 s FE t 4 (paired t-test)S A] Y3}
o Z}Zhe] Alf s W QFE AolE B ETh
o]Z ¢]3] IBM SPSS Statistics version 23 (IBM
Corp., Armonk, N.Y., USA)E &8s} fFo
= 005 Mo g stk

II. RESULT

1. In-plane 5% ¢1FE B}
Table 22} 7Zto] TSE 7| o2 =3 Ao 34
Eol 23k signal-loss”} T1 373 3 2
T2 FAL H 4 168.97 mm?, PD G4 #H+t 170.81
mm?, FLAIR 94& #Hf 177.30 mm?® 23T =2
2] 3L synthetic MR 7| o= 853 G4 5529
o]3l signal-loss”F T1 9972 H¥ 150.92 mm’, T2
AAHe it 168.44 mm’, PD G-
FLAIR 972 HF 173.47 mm® A3t}

T 71W 7he] ol E 7] 2po]= B e Axjo|
N BE AJFzA {2 &5 (p)gkel 0.05 o]
o2 e} {23k 2po]E HolA] gkt

it
apx

ol 93t signal pile-up< synthetic MR 7|5
S o] g3t Pl HASHA] gkokrt. WHH, TSE
Hoz 8538 T1 IS H 46.81 mm?, T2 4
= 43.84 mm’, PD G2 Hit 41.69 mm’,
FLAIR 42 H 4545 mm® 2R HF2 o
53 G 55 ATES] A
715 T1 922 Hit 197.15 mm?, T2 G4L Hit
212.81 mm? PD 92 ¥+t 212.50 mm’, FLAIR
AL H 222,75 mm* O 2 LERTE
synthetic MR 7|¥ zte] Qlg= =17] 2po]& 4
3 Adte BE APAA pghol 0.05 wivko
frolgh zpolE H itk
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Table 2. Mean metallic artifact area of in-plane and result of the paired t-test

Sequence signal-loss (mmz) p-value Signal pile-up (mmz) Sum of area (mmz) p-value
TSE T1 150.33 £5.98 46.81 £3.62 197.15£7.15
0.660 <0.00*
Synthetic T1 150.92 +4.21 0 150.92+4.21
TSE T2 168.97 +4.22 43.84+£3.32 212.81+4.18
0.677 <0.00*
Synthetic T2 168.44 + 3.55 0 168.44+3.55
TSE PD 170.81 £ 3.18 41.69+£3.95 212.50+6.40
0.919 <0.00*
Synthetic PD 170.71 £ 3.25 0 170.71£3.25
TSE FLAIR 177.30 £ 5.08 45.45+£2.55 222.75+6.21
0.710 <0.00*
Synthetic FLAIR 173.47+£5.73 0 173.47+£5.73

1 Sum of area: Metallic artifact

Table 3. Mean metallic artifact area of through-plane and result of the paired t-test

Sequence signal-loss (mm2) p-value Signal pile-up (mmz) Sum of area (mm2) p-value
TSE T1 44.09 + 3.02 78.22+3.29 122.31 +4.31
- 0.310 <0.00*
Synthetic T1 45.32+2.78 0 45.32+2.78
TSE T2 50.70 £ 3.05 136.77 £ 3.28 187.47 £3.99
0.116 <0.00*
Synthetic T2 48.87 £2.58 0 48.87 +2.58
TSE PD 52.01+£2.12 149.25 +1.82 201.26 £2.98
0.295 <0.00*
Synthetic PD 50.96 + 3.08 0 50.96 = 3.08
TSE FLAIR 53.00 £ 3.15 105.25 +5.02 158.25+5.11
0.889 <0.00*
Synthetic FLAIR 53.12+£3.67 0 53.12+3.67
t Sum of area: Metallic artifact
£ o - o A7 T1 942 4 12231 mm®, T2 3%
2. Through-plane 54 Q13E H7 B _
sp Bl o W 18747 mm’, PD A4S Wi 20126 mm?,

Table 37} o] TSE 7|"Ho 2 E 53 42 =
& 9% signal-loss7} T1 972 i 44.09
34t

mm?, T2 AL 4 50.70 mm?, PD GFALS
=]

52.01 mm% FLAIR A2 3 53.00 mm® 2433
t}. 12] 3 synthetic MR 7|H o2 353 Ak

FE5E9 23t signal-loss”} T1 G4 Hat 45,
mm?, T2 9G4S H4 48.87 mm® PD 34
50.96 mm’, FLAIR A2 4 53.12 mm?
o 7 719 zbe) Q1gE A7) Afels B4
M= BE A 20 A pgko] 0.05 o]Fo =
U ola dfole molx sk

LEN

T {‘10
i
(98]
]

3

f
ol oz of
U R Y

4= 2|3} signal pile-up synthetic MR 7]
= o83 Pl = HASHA okt ¥hH, TSE
HoZ B5e TI Y42 He 78.22 mm’, T2 4
<> 77 mm?, PD P H 149.25
4 105.25 mm? A3 F

2 1 m
FHOZ TSE /IWOR A5T e FE AT

FLAIR <378 Hi 15825 mm’SZ  UERRUL
synthetic MR 71 7+e] Qg% 7] Zpo] S HA] 3t

Avbs BE A2l A pakel 0.05 MVre R f-o
gk xfol& H It
IV. DISCUSSION

2 Ao A3 in-plane FFol A HASE 55
¥ &S 47| TSE 71“423 53t 447 v
W 3ko] synthetic MR 7" o2 F53F od Aol A 7F
ié}t Ao 2 LERRT /\li HE v 2H
T1 92 23.45%, T2 9742 20.85%, PD 742
19.67%, FLAIR 3742 22.12% 743t
Through-plane &/l A] WA sH= < Q&S] A
7% w72 TSE 7Mooz 353 iy} H
13} synthetic MR 7O 2 & 53 A4 7+
28t Aoz YElgth Algs HR nlas) By
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T1 G742 62.95%, T2 F&2 73.93, PD I
74.68%, FLAIR 99742 66.43% Fashqlch. o] g
A}o]l {1218 synthetic MR 7| o] F402 <l3|
WA S} signal pile-up S A3 B 7] w)
wolgt 53 4 vk A% A signal-losse] H
2 TSE 71W ¥} synthetic MR 7|H & 283 37
oMM Fefgk xpol7t gldeh. eFARE Fig. 33 ko]
signal pile-up T2 synthetic MR 7|HS %83
G A= HASHA] efol AA &5 ?_%%94 a
717 A A o g ZhAekgith e ar
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Fig. 3. Area of metallic artifact of the images using
turbo spin echo and synthetic MR technique. (A) is
results of the in-plane images. (B) is results of the
through-plane images.
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