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NTEL. WIVEHEE CIIBIIRE 2 v v 712>
WCOREWRDOWGFEN S {AfThbITB Y, I
PAR 27 1) v TORFECHRAEII BT 5T A4 K74
VEFELTWSLST 7o, BHEEEEIC S
WL, BEHAEEIC & o THEA R 48 28
CUPEN, F2038BNICHFEELThbE 2 e d
v, INE CORBHEETOR MM
T 5 HENE, Klockel 5% O#MET, 15T &
IZBWT Ni-Cr GE&BBIEH T A V=232 R
MA%ERET, CoCr GE&HT A ¥ —132° DR
MATH- 722 EDRSNTW A, Miyata
59 OWiETIEA v T T v MK, BIET S v T
AV R F—8—=13 08T LAN & R EE D Fs 8 % IR
L, BT % v F A2 M F—8—13290° 22
AEWREHAERO I EREEINTVREYT
$72, T—F 7727 FZOWTIZLLRT A SR
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HENHE SN, 4~8cm EWVIHFFEIZKE W
BT —=FT7 77 MFMEI TV Ly
L, &4E, FEO SRS LAMED b ORI TR
DL T 2 &EOMmIAA, EHA~OFLE
FEZ I~ OB G Lol 34 %<, %
7o, MROMESCERE R EOMET b R ERTw
.

Z 2T, AWgE Tl E Y MRI 2&E % H
W7 AR IR AR O S A R O 2 A & R
EEP T TEGZ AN OR LR 5 2 &
ZHMIZ3T, 7TTHEIBIT2HHGED
RAOWE, 77T HEEIZBITA2HEEHESED
BE T—F 777 bOMEEITo T
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1. READOAE
HZEILT T OFEY 2 A3 % GE #H5L7
Tesla MRI system (Discovery MR950, GE
Healthcare, Milwaukee, WI, USA) & 3 T O
Wi % 4§ % GE f1# 3 Tesla MRI system
(Discovery MR750, GE Healthcare, Milwaukee,
WL USA) #Hw7z, Befke LT, siflksET
HHENLGE (F1) 6L 72, sRkHEER
THHA SN EEIT I MEL EIRL, 8§ mm x
14mm X 05 mm OFE—HHEKO 7L — b (K1)
AR L7z, SO B RERRFAAEZRT I L
WP E N7z CoCr & Ni-Cr, TilFEmDEN
IZDWT DRI G AT ) 7280, (RO F—HE
7L — MO F—H D 20 g ingot x5 &
L7z (1), AR fh ol 3ok =B B 2
(ASTM) @ deflection angle test IZHIH > 7
7 V)V E L7235 &3 A1k % %
(F4u >, 15cm, EHm :0005g) THH TS
T, FGNCL o TEL A RIAMPMETE 5
i (M2 2L CHEZIT-72. 2ol
EEIZIEH S, Lo I HIEEE D OMER
A IEREICTEEICHO) A TAEONE X 1T -
72, FHUALE X T IHEEBROFER, 7T TIE7 A
Veryy =6y b)) —HN#E13lem, 3T T
13 85cm DB TEE ORI IR A TH -
cZemn, ZOMBETHEERITo 72 R
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®1. FERIZEN Lo 2

Sk R NN 7 I/ S

BN T il (ke HELRK IZIN
T 1 Xy AT 47T —  Au:83% Ag:12% Cu:5%
ype Typel GC SrAeT 08270 A8 Plate
alloy JRMC. #4471  Ete: (Ir)
TypelV XY AT 4T I—  Au:70% Ag:13% Cu:10%
Tpe TypelV  GC . g . o A8 ° Plate
alloy IV REMC.HA TV Pt6%Ete: (Zn, Ir) 1%
. . Au:58.34 % Cu:20.96%
K.14M.C. 22—/ R
14K alloy 14K GC Ag:15.7% Pd:3% Zn:2% Plate
70 o
Etc: (Zn:2, Ir:fd)
e Au:83.5.% Pt:10.5%
Gold-Platin R ST Vs ’
Pt GC . Ag:1.5% Pd:1% Etc: (Cu, Plate
um alloy K MC85
Zn, Sn, In, Ru) 3.5%
2% Ag:46% Pd:20%
gold-silver Xy A RNT )L £:4070 FE2070
. Pd GC Cu:20% Au:12% Plate
-palladium MCS85
Etc: (Zn, Ir, In) 2%
alloy
Sil 1 A Ge S0y Ag:77% Sn:18% Zn:5% Plat
ilver allo 2 — ate
v vone Ete: (AD =
Ti:99.4%LL | Fe:0.25%LL  Plate
T 0:02%LL T C:0.08%
Pure Ti Ti A JE F #2100 . .
PAF N:0.03%LL R Ingot 20 g
H:0.01%LL T
. Co0:63% Cr:29% Mo:6% Plate
Co-Cralloy Co-Cr 2l VAV .
Etc: (Si, Mn, N, C) 2% Ingot20g
Ni:63% Cr:15% Nb:5 Mn:5  Plate
Ni-Cralloy Ni-Cr & BT h=v74 /L Ete: (Co, Mo, Cu, Al

&, FEFI SNBSS B HE L Tnb L
PHER S N1, WEEIT-72. ZOK, KWR
I2& 0 05° HALTHAIY, MEREE LMz
MEAF L THILUL, EbOTHUHEERL.
COHAITOFRAIY ThHUL, HERHIC X
BT LY, BRI L BB T &
7otz ®, EHEREIIRO TR O M E L
1o & L7
2. REEHER

FEBGABRIZIZ 7 T oW A3 5 MRIL %
B CTd»H AH GE t # 7 Tesla MRI system
(Discovery MR950, GE Healthcare, Milwaukee,
WI, USA) % L7, REEHE SR E v kg
WBRERIC DT 7 A NS (Neoptix

Si) 12% Ingot 20
HEOLT 7 4 N—IREEFT Reflex : 43568 0.1C,
FEEE 1% F.S) R L7, BEIZ Ti20 g
ingot & Co-Cr 20 gingot % H\>, HWEF 7o —
TELDIANREM 7 7 b (UTF77 v b
L) AL 77 Y bAOERIZT O —
ZDHE (AGAR®, MP Biomedicals, California,
USA) 16.7 g & 78587 1000 cc #{RM L, #bE
TLETMALLZROEHL. hk o 14
ecm X 10em D7 I AF v 75 (R) 70K
L2) IEERAR, F4 8 25RICEE L7k
CIERT IO =T 2 SV ORENSHES 2 cm
OEIZH AL (K3). WEEITHIZH 7
D, 77 MAREEAF v 2 V— L EPEIR
BEICT 5729, 77 &% MRIZENIC 6K
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R 1. F—HEIIER L 72408 7L — b & ingot
a  [A—HREIER L7248 7L — b
b : Co-Cr 20 g ingot
¢ * Ni-Cr 20 g ingot
d : TiZ20 gingot

ML ERcE R, WlE %175 72, control & LT
MAEZHALZ\WT 7 ¥ N ADIREZLZ HE
L7z

WlG SIS MO E 2723729, 2D-SE
AWl T1 gl & T2 i@ o 2 18, 3D-SE
F & 3D-GRE A% T1 #Ea & T2 il o
27@g oML, 5167 (2D-SE TIWI, 2D-SE
T2WI, 3D-FSE TI1WI, 3D-FSE T2WI, 3D-
GRE TIWI, 3D-GRE T2/TI1WI) #gksE L7z
¥ 72, FRILINER (Specific Absorption Rate:SAR)
LA LB R ME T 5720, e
OFfkoD SAR #Rtsk L7z (F£2). LML 1
SR DRI B L ORI T 2 F T 6 45,
1 WHRCmEZ b2 ek L7z, 72, PHi%E
BRI CIRE A O TR B & SR ARBI R BRI THe
FE L 7oA R, mWEEEY S B Ll E 27z
O, FERBUTAHA 1 e L7z
3. 7—F7 77U FDOAE

T—=F7 77 NOWEIZIZTT OFEY % H
3% MRI #{& Tdh 5 GE #L# 7 Tesla MRI
system (Discovery MR950, GE Healthcare,
Milwaukee, WI, USA) %l L7-. MR35
Bk & FAE Ti 20 g ingot, Co-Cr 20 g ingot %
7z, MRI i 12 B v TR B 25 AR
ik &G B IR 2 15 5 72 O TR IZ 2B & 58
EEWL, ¢ 83cm X 43 cm DT AT — A
77 ¥ b AICHAREE L, ®iEStEe to
I OREE L, —MIAT DI BT IR

21.0cm

v

15.0cm

30.0 cm

v ¥V

P

s 17

B2 ATEL 2w o e 2

14.0cm

2.0em I
metal—>|___ [«—Fibersensor 10.0 em

Agarose gel

K3 7Hu—AFXr N7 7y Il ALEER
LRI T O — 7

REICRRE L7z, — IV S LA g% )k <
7z, ¥/, SE & GRE OILE% 35729,
54 # (2D-SE TIWI, 2D-SE T2WI, 3D-FSE
T2WI, 3D-GRE TIWID), #&#fk 1 |l§ 8%k
i1 o72 (F23). MEBAED LB OGN
L0 T7—=F7 77 FOMBUGECT D L7720,
X RARIZEATT 5 slice (axial) & FAT7% slice
(coronal) @ 2 T % 47 - 72 WL MM IZ (X
ziosoft (zio Term 2009 Beta ver 2.0.04, ¥4 %
V7 M, R, BHA) (f#ERE: 00lem®) b H
W, HERETIROB L HEE % 58 9 5 AN
W2 ML, 7—F 7727 MZX D FEAE
ZEPHOmEMBEEE L. FRIHAZ 2, £
% 3EOFHN A T, EOFEELZ T —F 7 7
7 e L7z BREEBOAOmE % 100%
EL, 7T—=F 777 FOFEEEFHEL 7.
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*F 2. BRI 72 sequence

2D-SE 2D-SE 3D-FSE | 3D-FSE | 3D-GRE | 3D-GRE
TIWI T2WI TIWI T2WI TIWI | T2/TIWI
Repetition
. 600 3000 700 3000 10 5.8
time (ms)
Echo time
(ms) 9 60 16.5 79 2.7 2.2
Flip angles . .
90/variab | 90/variab
(©) 90/140 90/140 15 35
le le
Echo train
- - 12 80 - -
length
Field of view
200 200 200 200 200 200
(mm)

Matrix 512 x 512 x 512 x 512 x 512 x 320 x
(freq/phase) 320 256 320 320 416 320
Number of

. 37 37 152 152 152 152
slices
Slice
thickness 3 3 1 1 1 1
(mm)
Intersli
nterslice gap 1 { 0 0 0 0
(mm)
Band width
31.2 31.2 62.5 83.3 62.5 41.7
(kHz)
Number of
oo 3 0.5 1 1 1 1
excitations
Acquisition
. . 6.03 6.12 5.56 6.25 6.39 6.01
time (min)
SAR (W/Kg) 2.30 1.9 1.60 2.03 1.20 2.17
[mean + SD] +0.1 +0.1 +0.20 +0.23 +0.10 +0.13

K3 T—F 7727 MIHW sequence

2D-SE 2D-SE 3D-FSE 3D-GRE

TIWI T2WI T2WI TIWI
Repetition time (ms) 600 3000 3000 10
Echo time (ms) 10 60 75.7 34
Field of view (mm) 120 120 120 120
Matrix (freq/phase) 512 x 256 512 x 256 512 x 256 512 x 320
Slice thickness (mm) 3 3 1 1
Band width (kHz) 31.25 31.25 83.3 62.5
Number of excitations 1 0.5 1 1
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*l:l % R DT(HI Tﬁb
== WARB AR OTHR © 100%

1 ’ ﬁrﬁ'ﬁ a)lﬁum pure Ti 20 g ingot (%) Co-Cr alloy 20 g ingot (%)

%’*ﬁ'ﬁgﬁfﬁmﬁ] %—f %E 4 Z /j—; L/ 7 T 3 T 0) ff axial coronal axial coronal
YN — B ORISR O AL A X 4 12T, 2D-SE TIWI 428.8 722.0 P %
[[A—#EoLE 71 — ME Type I, Type IV, 2D-SE T2WI 3129 655.3 * 460.5
14K, Pt, Pd, Ag TIZEHLHDEEIZBWTY 3D-FSE T2WI 7803 4457 % %
0°ThHho7. TIEFL—=F 23T TO°, 7T T 3D-GRE TIWI 5112 5743 932.7 1361.8

6.0°, ingot 73T TO05°, 7T T60° Th o7z,
CoCrid7L—1FA"3T TH0°, 7T T165°,
ingot 3T T50°, 7T T17.0°TH o7z, Ni-
Crid 7L —HFA"3T T30, 7T T 145,
ingot 783 T T95°, 7T T3L0° Th o7z Ti

R4 BEWIEDOTT, 3TICBITARMMA

\ . [RER
&R 2N 0
3T 7T
Type [ alloy Plate 0 0
TypelV alloy Plate 0 0
14K alloy Plate 0 0
Gold-Platinum alloy Plate 0 0
12 % gold-silver-palladium alloy Plate 0 0
Silver alloy Plate 0 0
. Plate 0 6.0
Pure Ti
Ingot 20 g 0.5 6.0
Plate 5.0 16.5
Co-Cr alloy
Ingot 20 g 5.0 17.0
. Plate 3.0 14.5
Ni-Cr alloy

Ingot 20 g 9.5 31.0

" 6. MKEZHALZT7 7 v F2ABLILT —F
’ 777 hOE§
' a: MIEZA L7277~ b4, ZH: Co-Cr ingot
b st b : Ti ®» 3D-FSE T2WI, coronal #z{§H:o 7 —F
R4 7T, 3TOHY M) —NHBOBHARDZEAL 77 7 MR O BOE L 72 R
a:7T ¢ : Co-Cr @ 2D-SET2WI, coronal $#{%Hs D E A DS

b:3T A U7z i
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& CoCrix7L— b (Ti:0380g, Co-Cr:0.965
g). 20 g ingot TRAZEMNY 0.5° LN TH - 7228,
Ni-Cr (T E =AM 5 2 & C, WaAH»EL
CREL DB ERRLT.
2. REHBR

W& L7z Tiingot, Co-Cringot, control I
ERGEEGCRE LA RO (K5). Ti
ingot & control X 2D-SE T1WT # 4§ fE 12 0.
5C, Co-Cringot (& 4 D% (2D-SE T1IWI,
2D-SE T2WI, 3D-FSE TI1WI, 3D-GRE T2/
TIWD T 0.3C o KFEEH %D 72 control
LEDBREDOIRE EAHIZ 05CUTTH - 72
WAL B O B HARDFIGIEE FA-H5R b B\ ik
5112 2D-SE TIWI TH D, FISAR bk d
EE R L, FERE AR D R
3D-GRE TIWI T& v, FI SAR b #x b fii %

Temperanime imrease 1)

cEEEPERE BEE EEREEE

L. ]
i e RN RO CHD 300 3G

ID-5E TIW1

LR

E

e
3D-FSE Tiwl

b

ns

né

ns B

i« o

o

e E

o :.aﬁ.-'*m EIT I
I“u ) )
bed

SD-GRE TIWT

EE

Pl BER, MR Rt

mL7z (£2).
3. 7—F7 77 hOHEE

Ti, CoCr DIk D7—F 7 727 bOHEHIE
FS5IRT. TIOT7T—F 777 M axial T
WAROTRE DK 3~8 ORI L AT, F72,
coronal Tl 4~7 5D EH 127D /2. Co-Cr
@ 3D-GRE T1WI & 2D-SE T2WI @ coronal L.
NOERIIHAREZEA L 727 Fa—ADITE A
EOHEERT—F T 77 MNP BEoTLEW, [
BEMRIZEARDE U T L E o 72720 165 7 5F
BATRETH 72, BEEALLZ77 v b A
K7 —=F7 77 bOEGEEK6IIR”T. Ti
ingot @ axial & 3D-FSE T2WI, 3D-GRE
TIWI, 2D-SE T1WI, 2D-SE T2WI DJIEIZ A &
<, coronal (X 2D-SE T1WI, 2D-SE T2WI, 3D-
GRE T1WI, 3D-FSE T2WI DJHIZK & H o 7.

Ly |

EEaEEEE

Bk L PEE2g R

& @

L8040 Mol Mds)

2D-5E T2W1

B @ 20 @0 40 3 MAK

ID-FSE T2WI

i

J*‘T

[ M i

AD-GRE T2TIWI

B5. &IRGEEOMIK L control DL LA OHER
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1. READAE

FEOWIEIIR$ 255 101%, v b)) —
b & D ST CET IR M 2 b
ZEDPHOENTBY Y, HBEORAKOWE
ONEIZHET 2MERDH 50 RifgelE, ¥
fEFEERIZ X ) 7T 1d 131 cm, 3T & 85 cm O
EaFHAS S PuE L7

ASTM DIRE TIZfmIA A A 45° K TdH %
WA, RIS X 2#T 1AM - T IRk
BN CTOREOHEEHTEINH L) A S
LRSS ZRnEEINTENY, KIFFEIZBNT
DZORMEREL L CREEOHM 1T -
7z.

Type 1, Type IV, 14K, Pt, Pd, Agl¥ 3T,
TTELLDEBIZBWTHFIAMIZ Tho
7o, DT Lk, ASTM D43y 45° T
HIEDLEINZIEAEMb T ARWVE
EZ2HND, ZIIMA, INEOEE 4L
fil % DIBTEM R CHE G IR R O ZL MR, FifR
MEE LTHERHSNTEY, et xr M
L OHE LBREICHESE SN TS, AV MO
FEEER RIS L o THAE IR 05, mIfA
DO THDHLEV)Z LTINS OMEHIES
HPFEAEL TR TLET EINDL EIFE 2L
Wik, TN ZEEIEVHMETHD
EAVRIE STz

TilZ3TIZBVWTO5 LNT, 7T TiE60°
PINORIaATHY, CoCrik 3 TIZBWTH.
0° LI, 7T Tt 17.0° LN DRI A TH -
7o, BEMESREE O LA X DRI AL 35S
TholzbEz6N5, TixHWETY2 VA
YT MNIBERETAY LI BERS,
WA, RIBWHBEREE L ULCER LTS,
4077 ME (KNLTHR), 782 b X2},
LR, ENEEET LAY 2 -k ElTE
AEFMTIERLETIAEIILDbD0TH D
ZENS, AVTTY MEROEIUZEES S
B G ARV E W2 B NiCr i 3T I
BWTI5 LI, 7T Tk 3100 LINZRL

Ti, Co-Cr LRARICHESMIED LAPLAET S
I OB 3~4fETH Y, ASTM D%
EHHETHDH 45 LANTH L, 15 T HEBEIZE
W Ni-Cr # & Co-Cr BEEIERH T A ¥ —DOfFMm
£ % % L 72 Klockel 5% 12k % &, Ni-Cr #°
G Hm A %R ET, Colr it 2°DfRIafg <
BHolzZ ENWRENTWE, AIFFEICBIT S
Ni-Cr % Co-Cr D FIZ I NS s & 1ZH S
IR DEWNRIAEZRDIZZ LS, B
W B O F R E A R T % 5. CoCr,
Ni-Cr i3 A RFH DO N—% 2 5 A7, FBIEHD
TAX =T EOMELE LTHEH I N TSN
FVICH HRFERITEFTRIETH D700, 3
EZVEHICHY A LR TH B, EIF
DAY — XN TREE ST 2 250 i
HBETHL I DD, MAERICHLEICL ST
WAL, WGRCHESET LI LE2MKT S
RETH5H. bL, WO LsHETH 256
T RHE MG IR 2 MR L, MAE 5 &
BRHERTOM KD L THREA 1T 2HB§ 2 2
EDEF L.
FHEEPCAEH S 5 &8 2l RN+ B
D, HEIZBWTHEVYH L, 2 TR
TIE 7L — Mz, 20 gingot DIEEFT-
72. Ti, CoCrix 3T, 7TTDEH5DEEICLE
WTHREAIETL— b E O RELIZEDS
FTHEIT A RAAOEE IV ENWEEZS
N7z, —7h, NiCr OEmIZE52Z1LIE3 T IS
BWTTL—FH30°, 20 gingot 7% 9.5° %R
L, 7T TiZ 7L — +%%145°, 20 gingot %% 31.
0° %) L7z NiCr @& Ti % Co-Cr & #7210
BRI LD REAPZEIERO . ZULEE
12X 2L TIE % <, Ni-Cr OMAIEDOR N2
R ARE oY (WS 01 Y A B LY & s
5 ORRLIRELAL, HE L & CHIICELDS
RREDHZEFMSN TS, Ni-Cr DAIZHES
DIALDFZ 5 720 EPHE TE R VD, HIE
OBICBEEBREIZS S SN2 EIC X D%
TNCEALEL, ZORE, 7L—1b2 20¢g
ingot DRI A=A U2 W REMAE 2 5
N5, WINIZLTH Ni-Cr DR ALt 4
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BL) AL, FEESUELREETHL I LN
FIRFL 72

EEIIIHEFA SRR A~ 7T ¥ b OKEH
A MRI A ZHIE SN TR L5HE5D H 57,
SR OmEAOHEEN S X, Co-Cr, Ni-Cr M4t
DEIEINA ) AT RIRTE A SN dpo Tz,
L2L, 3T &7 TaEKRLAFRIE, A&l
WARBED I HH) 3~4 RARREORIAAZRL,
WHRIEOEB LR TE . Zolzo, EK
NOREEZMRTH20121E, hEThes
L CEME O BB EEICIBWT
X, WO THE T2 LEENH L LEZS.
2. REHHBR

FEHGAEOBENX, Ti20 gingot, CoCr20g
ingot #RRE L, ZOEE, control &7
TRTOME, &GSt ThE EA 207
Ti ingot & control I& 2D-SE T1IWI {4512 0
5C kb2 i/, 72, Tiingot, Co-
Cr ingot # # 5 & L 727 control & L L Ciln
JELAICRE R0,

KT = ZIIRGFBHFEORE Z X— AT ~
EL, ZIhLORELAZREL WS,
ERTH S MRIZEIIRE L7277 7 > b A Dk
FEEENEFBEE R, X=Z2F 1 »1F 19,
0C~200CCTHhHb. ZDimE%r v MNHFA &
RET 5 LRI TH S BLCHEELEZ LN
5. INHOEEIEEE, ENICEZE S NT
BY, 0C~80CHEEDEKEW A IIREN~NEA
T DR IREZLOERE T ICH L. ZDZ
EMD, ﬁf%f%é%@@wﬂi%ﬁ?é
LANNVOIREEL TR nwEEZ D, TI#HT
HEATT Y IPHMASNSEFIZE L T
Eriksson 5% 25 HF % vy, 53T TEHEDII
WAL AME IR LAG®, 53T CEHEER O RS
MRAD LNz EHE L TCw5b. F72, Eriksson
& Albrektsson”™ (&7 FI2BIF LB L 5 F
ARG OREBME L NV 2 B ZE L 724 5
47CTORBII L TR D 5 2 & % iy
L7z, INO0MENPSEZLE, FIHAS
NTHwB TioA 77 Mkb 05CoHE L
A o7z EMGEL THEMBER L vt A~

AR R

T V=3 a YRR AT R 38D T
v & b7z, control & Ti % Co-Cr & Ibig
LCELFICKRERER L7200
Ty MALEREFBRICESE L TnDL L
MHERRCE 72, TIEEEIC L) 5T 088
L72BHCA D388 EHEMI T X 5%, Snsé
J& & AR Z N 0B E D722 L 1T
LT, RWEOATITHADHET, <674
5 WEAL BT LETH 5.

SAR & B OEHENEIZDOWT, Losey 5% 12
ﬁ%* AT A~ A Al T —F VD RF K

CEBEBIZSAR LRVOFEHICL 20T
25) % & L, Muranaka 59 3 7 F 0 — 2
77 v MACEBA L ERE A YT T N fi
AL, SAR 2SHN$ 5122 T EH$5 RF
WX B FEBE, JISHKIC L 2 ZEBRNT
HoTHEmMEDrd 25 L& Lz Kifeid
2010 4E 125847 E 7z TEC60601-2-33% 251 H L
72 JIS 7 49517 O 8 — kK HEE B — R O THER
SAR OHMEMETH 5 3.2W/kg DFEFHN TIT -
72, SAR BT 2 KX TIREIR SV A DS
ROFE/ SV A F TOIREM AR TR RAT A
ARH 7 EIX SAR ICHET A RFTHDH. TR
1Z90° 7S A L 180° 73V R B HlAEDHES SE
FH & 18077V A% Hvi7e vy GRE R TIEKE L
Fp ), BIRKSARND SN S, SAR Ll
FE AT EAR AR D B &) RS0 LA
L, 2hF CilE LA L SAR & OM B
MENTEL RFROBERIZBNTHFY
SAR 7% b K &\ 2D-SE TIWI (X349 -
AR D E L, P SAR 255 b /S v 3D-
GRE TIWI T FHE LA RS HEKn L wn
IRERDPFLNTBY, mEEEA & SAR 134
BT A BEIED D 5.
3. 7—=F 7770 FOAE

AW TIET—F 7 727 bbb %
FA, BT RE Lz, SOREIIBWT
EEOROMEEZWET 5 Z L WHETH
L7z, A RGIROT —F7 77 N EHEE
LTHRAIEDNETHL. TIIIBWTT —
F 7 7 7 b IE axial THAE DK 3~8 4,



RS R 12 BT 2 R s D8 47

coronal T 4~7 FEO#PHIZFED /2. T OFEFI
TT OGS RENHE LSO LHERTE
%% Co-Cr ® 3D-GRE T1WI & 2D-SE T2WI
@ coronal UM O WG EBAEMA LT 7
O—2ADIFEAEET—F 777 "B E->TL
T, THO-ADFTEERTETHEGAGE
DEATENIARTEETH o 72, FEICL 5
T—F7 77 FDOKEZIE Tiingot ® axial
T 1 3D-FSE T2WI, 3D-GRE TI1WI, 2D-SE
TIWI, 2D-SE T2WI DJIHIZ K& <, coronal T
\Z 2D-SE T1WI, 2D-SE T2WI, 3D-GRE T1WT,
3D-FSE T2WI DJEIZK & h o572, SE X0 b
GREDT—=F7 77 MPIREL B EITL

CHIBENTVEH, KEEFRIZGRE £ 0 b SE
DOFP—HREL 2D, AirE & Mk G RIEHE
Lotz INFETHRIGSGMHICLET—F
777 bOFHMiEE SN TSP 28, 3D-FSE
T2WI 3 & 08 3D-GRE T1WI O #EIZ B4 2
FHEIEFIA R, SHRBGTL T LEDRD
5.

ERF IZ AT HETH > 725 Co-Cr 1T R &
BT —=F 777 NPELLMETHY, HEZ
WiNORE % 52 AW EEIEDSIER IZE. Ly
L7Z&Ht5, ¥ Co-Cr BT EHI A R P 5
EHAT7AY—7% RIS TWw S
CENITEAETH DD, FRISH LD HE
Thb. —lEFE, WHRASEZO 7 L —
DR ENAEZ LB HLHDOT, EEFREMR
FEIZBWTRERISLETHL. TilzBW»
T 3~8EREOT—F 7727 bELLS
& B EBOERZ NI EET L RS
Vo EEOBRTIE LEHF IS4 7T v
MEBEDHE L 72 5. A EEHL 72 20 g ingot
BA YT MR DI Y REVLDTH
D, BIRLEL D, Z00, EBOA Y T5
M UN EAMEN T S OE S O S R
CIEREETH L. L Leds, TilcBnT
LQREGT—F 777 MPELTWAED, &
#%iZ, L ERISGEVWETORGPLETH 5.

/2, TTICBVWTIZISTEAIE3T LI
L CEEEIc LY, SN mEL, XD

EORREE GRS ONLZ LY, Wil
ARSI E ORI RECTH 5. S 51T,
YO MR OB LA T 5720, &l
Pl AT 12 & % functional MRI D A5 12 b kK
ZICEBLTWAS, L2Lehs, IThHD R
Vo MDH BT, WALERRIZ L ZEEO
FEART —F 777 PO THEICR DT
W, T—=F777 PRI ELY =T Y AD
RENVETH D,

PEkaF sl @EmEY MRIZEICE
VT B E G X BRI AL, Type 1, Type IV,
14K, Pt, Pd, Ag, TilZBWTIIREETH 7>
DR LR CEEIIMEDTZ A 2 L8
IREE Nz Ni-Cr & CoCr i, 45° 12 id e v
bODORERwAAZ RO 720, WA LT
WO DRENLETH L. Ti & Co-Cr DI
13 05C DN ERETH 5 - 0 R EITHREDTT
BT EIRMBENT. £, —HT, B5N
AE{RIZIE, Ti THIADOK 3~8 % Co-Cr i
FNLLOT—F 777 MR EN, &RO
TS Lo TEEBEAE 2T 5 2 LAVRENT-.

# E¥

TRa 2 HI2H 720 HIRE L 2188,
ALY F LM - 17T NEEEEE -
BEM B \CRE L 2 EARLE T, F7208
R EBEATS), WRELTHE E LK
PR SERR A ITZERT - Y MR 21T - JRRENTZE
B - A 2 REIEIZ, WRICTHITEZF L
7= BB IE IR 7 & N2  OHIZE
FTHEF LIWH - A 077 v MEREOH
AEFICEER TR LET. &IEIC, MR
OMLICTHHEEZ Lizry - 7T 5y
ARk - MEBERRICHEE R LT

i, AT O —HE ST R A A R RS
M FE AR B i F 6 (R 5 S1491001,
WFZe I 2014-2018) 123175 7T =2 —1 A
A=V rr7ude s bOEMIZEALELDOT
¥



48 STk R ] NAANY 7/ S

M ® M KR
AWFZEIZB VT, FIRSH I 2,
5 B X ®

1) HHAFIB MRI 0% 2 HRHESES 59
1508-1516, 2003.

2) Shellock, F. G, and Crues, J. V. : MR Procedures:
Biologic Effects, Safety, and Patient Care.
Radiology., 232 : 635-652, 2004.

3) NGFEE, tAERE, R, A, RIEE],
i, NERATE SIS, BLRKANSE © 3T-MR 2
BEOREM. HEEARE, 64 ¢ 1575-1599, 2008.

4) Shellock, F. G, Tkach, J. A., Ruggieri, P. M., and
Masaryk, T. J. : Cardiac pacemakers, ICDs and loop
recorder: evaluation of translational attraction
using conventional (“Long-Bore”) and “Short-Bore”
1.5- and 3.0-Tesla MR systems. J. Cardiovasc. Magn.
Reson,, 5 : 387-397, 2003.

5) Kangarlu, A. and Shellock, F. G. : Aneurysm
clips: evaluation of magnetic field interactions with
an 80 T MR system. J. Magn. Reson. Imaging., 12 :
107-111, 2000.

6) Shellock, F. G. : Metallic Neurosurgical Implants:
Evaluation of Magnetic Field Interactions, Heating,
and Artifacts at 1.5-Tesla. J. Magn. Reson. Imaging.,
14 : 295-299, 2001.

7) Dula, A. N, Virostko, J., and Shellock, F. G. :
Assessment of MRI Issues at 7 T for 28 Implants
and Other Objects. Am. J. Roentgenol., 202 : 401-
405, 2014.

8) Klockel, A. Kemper, J., Schulze, D, Adam, G,
and Kahl-Niekel, B. : Magnetic Field Interactions
of Orthodontic Wires during Magnetic Resonance
Imaging (MRI) at 1.5 Tesla. J. Orofac. Orthop., 4 :
279-287, 2005.

9) Miyata, K., Hasegawa, M., Abe, Y., Tabuchi, T,
Namiki, T. and Ishigami, T. : Radiofrequency
heating and magnetically induced displacement of
dental magnetic attachments during 3.0 T MRL
Dentomaxillofac. Rad., 41 : 668-674, 2012.

10) Shellock, F. G. : Biomedical Implants and Devices:
Assessment of Magnetic Field Interactions With a
3.0-Tesla MR System. J. Magn. Reson. Imaging., 16 :
721-732, 2002.

11) Shellock, F. G. : Metallic Surgical Instruments for
Interventional MRI Procedures: Evaluation of MR
Safety. J. Magn. Reson. Imaging,, 13 : 152-157, 2001.

12) aracozoff, A. M., She llock, F. G., and Wakhloo, A.
K. : A next-generation, flow-diverting implant used
to treat brain aneurysms: in vitro evaluation of
magnetic field interactions, heating and artifacts at
3-T.: J. Magn. Reson. Imaging., 31 : 145-149, 2013.

13) Shellock, F. G., and Shellock, V. J. : Cardiovascular

Catheters and Accessories: Ex Vivo Testing of
Ferromagnetism,  Heating, and  Artifacts
Associated With MRI. J. Magn. Reson. Imaging., 6 :
1338-1342, 1998.

14) Shellock, F. G., Hatfield, M., Simon, B. J., Block, S,
Wamboldt, J., Starewicz, P. M., and Punchard, W. F.
B. : Implantable Spinal Fusion Stimulator: Assess
ment of MR Safety and Artifacts. J. Magn. Reson.
Imaging., 12 : 214-223, 2000.

15) Greatbatch, W., Miller, V., and Shellock, F. G. :
Magnetic Resonance Safety Testing of Newly-
Developed Fiber-Optic Cardiac Pacing Lead. J.
Magn. Reson. Imaging., 16 : 97-103, 2002.

16) Edwards, M. B., Taylor, K. M., and Shellock, F. G. :
Prosthetic Heart Valves: Evaluation of Magnetic
Field Interactions, Heating, and Artifactsat 1.5 T. J.
Magn. Reson. Imaging., 12 : 363-369, 2000.

17) EXIN& T MRIZBIF 5 F—8N— 041
AEROMERIZOWT, HEEHSRE 20:27-31, 2011.

18) Losey, A. D, Lillaney, P., Martin, A. J., Halbach, V.
V. Cooke, D. L, Dowd, C. F., Higashida, R. T,
Saloner, D. A., Wilson, M. K., Saeed, M., and Hetts, S.
W. . Safety of retained microcatheters: an
evaluation of radiofrequency  heating in
endovascular microcatheters with nitinol, tungsten,
and polyetheretherketone braiding at 1.5 T and 3
T. J. Neurolnterv. Surg., 6 : 314-319, 2013.

19) Muranaka, H., Horiguchi, T. Usui, S, Ueda, Y.
Nakamura, O., and Ikeda, F. : Dependence of RF
Heating on SAR and Implant Position in a 1.5T MR
System. Magn. Reson. Med. Sci., 4: 199-209, 2007.

20) Destine, D. Mizutani, H, and lgarashi, Y. :
Metallic Artifacts in MRI Caused by Dental Alloys
and Magnetic Keeper. J. Jpn. Prosthodont. Soc., 52 :
205-210, 2008.

21) Shafiei, F., Honda, E., Takahashi, H., and Sasaki,
T. : Artifacts from Dental Casting Alloys in
Magnetic Resonance Imaging. J. Dent. Res., 82 : 602-
606, 2003.

22) WA MR {0 artifact ERFEM. & TE
A%, 54 1 119-116 - 2002.

23) W - MRIICBUF B AI VT —F 7727 b
DOME — IR L BE- —. HRORER
251 129-141, 1999.

24) American Society for Testing and Materials
(ASTM) Designation. Standard test method for
measurement of magnetically induced displa
cement force on passive implants in themagnetic
resonance environment., F 2052. In: Annual Book of
ASTM Standards, Volume 13.01 Medical Devices;
emergency medical services. West Conshohocken,
PA: ASTM; 2002: 1576-80.

25) Bra’nemark, P. I, Hansson, B. O. Adell, R,
Breine, U., Lindstrom, J., Hallen, O., and Ohman, A. :
Osseointegrated implants in the treatment of the
edentulous jaw. Experience from a 10-year period.



RS R 12 BT 2 R &g D8 49

Scand J. Plast. Reconstr. Surg. Suppl., 16 : 1-132,
1977.

26) Eriksson, A. R, Albrektsson, T., Grane, B. and
McQueen, D. : Thermal injury to bone. A vital-
microscopy description of heat effects. Int. J. Oral.
Surg., 11:115-121, 1982.

27) Eriksson, A. R, and Albrektsson, T. : Tempe
rature threshold levels for heat induced bone tissue
injury: a vital-microscopy study in the rabbit. J.
Prosthet. Dent.,, 50 : 101-107, 1983.

28) International Electrotechnical Commission (IEC).
Medical  electrical  equipment. Particular
requirements for the safety of magnetic resonance
equipment for medical diagnosis. International
Standard., IEC60601-2-33, 2010.

29) Japanese Industrial Standards (JIS). Medical
electrical equipment. Particular requirements for
the safety of magnetic resonance for medical
diagnosis., JIS. Z 4951, 2012.



Pl WER, MR Rt

fift A

Effects of metallic dental materials on safety and artifact
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Abstract : The aim of this study was to evaluate the safety of dental metals installed in patients in ultra-
high-field MRI. Deflection angle, heating by radiofrequency, and artifacts of dental metals were measured
at 7 Tesla MR system.

Magnetic field-related translational deflection force was measured using a tailor-made instrument at
3 Tesla and 7 Tesla MR system. Samples were 9 types of dental metals. MRI-related heating and artifacts
were also examined using a gelled-agarose-filled-head/neck phantom at 7 Tesla MRI. Twenty grams-
ingot of pure titanium and Co-Cr alloy were also examined at 7 Tesla to observe the volume dependent
effects. In the heating test, non-metal embedded-phantom was examined as a control.

Deflection angle of 20 grams ingot of Co-Cr alloy and Ni-Cr alloy showed the value of 17.0° and 31° at
7 Tesla, respectively. Ni-Cr alloy should be removed prior to the inspection because deflection angle in 7
Tesla which close to 45° that was indicated as dangerous value by ASTM. In contrast, deflection angles of
other metals were 10° or less, and inspection can be carried out safely at both 3 Tesla and 7 Tesla. In the
heating test, it was indicated that impact of ultra-high field MRI on those materials is not considerable,
because pure titanium and control showed a maximum temperature increase of 0.5C by 2D-SE T2WI
scanning and the temperature increase of the other samples were 0.5C or less by all imaging. An ortifact
of pure titanium ingot was 3-8 times in axial slice, 4-7 times in coronal slice as large as sample images. The
maximum artifact of axial slice and coronal slice was observed by 3D-FSE T2WI imaging and 2D-SE
T2WTI imaging. Those results suggested that the image obtained by each scanning may vary depending

on the type of metal.

Key Words : ultra-high field MRI, magnetic field, RF heating, artifact





