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Study of artifacts caused by dental materials in digital images
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1.2 F

A V7T v MRIEOENNZEEY, Magnetic resonance imaging (UL F MRI &9
%) MERHCRBIT 24 7T MRICEL DT —F 7 7 7 MCBET 2H2E08 %5
WEINTWD, THETIE, EROMT& A7 70 ME (BUF Ti i1 v
T MERET D) LU TEBABRE AN LSS T U a sy AG
G T T ME CATF Ti-Zr A 7T 0 MELT D) BNA T T MEE
CHWLNDAENHE 2 T D, L LAaRs, Ti 87 I MREIL
72 Ti-Zr 4 > 77 > MMED MR BGA~D B2 ET LTl 13720, £72,
Bl 22—> B — LA CT (Cone-beam computed tomography; UL~ CBCT &3 %)
BT, RELBEMNSELDT—F 7 7 7 FOFEDHRLE STV DER, RE
FEHEM DR ENELT D Z 212X D CBCT BEifg~DFEIZ SOV THRET LT
W IERV, WEMENDAT DT —F 7 7 7 M MR H{%X° CBCT @7 &
DT VX VEGICR B S RIE T ATREE R 6 5 A, 2D ORGHE, 4% OmEikk2
Wrom EOBICEETH D, AMIZEEO B, DTifA 77 > MERE Ti-Zr
AT T MEOMRIZE DT —F7 7 7 MOk KW, 2) & FIER OfH
RAEOEIZLVAELDT —F 7 7 7 MAY CBCT BRI KIETHBE MGy
HZ LT, TULNEBRIZE T HEBMENSELDLT—FT T 7S b

BEfd 22 & ThHD,



DTifA > TFT MEE Ti-Zr A 7T MEOMRIWC L BT —F 777
ROEX, 1.5T O MRIEE CRE L TiRA 7T MEE Ti-Zr a7
7V MED MR BB &t LTz, 7—F 77 27 hOFHANE, Full Width at Half
Minimum (LN FWHM & 32%) #H\ iz, #EHoHri%, Mann-Whitney Utest %
FWTHE ATV, P<0.05 ZHEZD Y & LTz, 2) R FHb OBURME D%
RICEVAET DT —F 7727 NH CBCT BRI KIFE T RO, #35-#80 O
RS FEIEM 2 - TR L 7e, #RI1%, RE M 27 7 U AV Bas ORI 3 L
90° FLUN45" IZRE LT CBCT g 17 o7z, WgFHNIE, B EoRE
SRR DS OB & AR AZFHI L, FEEEORE FREM OEN 5 & g L7z, #
FH453HT1E, Mann-Whitney U test i\, P<0.05 2 HEZEZHV & LT,

RFERE R, DTS 7T MERE Ti-Ze A 77 2 MED MRIIZ X S
T —F 777 FOEIE, T2 i@ L O Diffusion-weighted image (235 C,
Ti-Zr A 77 MEOFFN Ti AT T FERKRLTHRIT/NES DT
(P <0.05), 2) RELBEMOBERAEDOEIZEVELDLT—F 777 bR
CBCT BRI L IETHEBOKRFHE, CBCT B _EORE FHEA 0 Jeliil O B2 1X
2T OMERMG ECTREORE FRIEM O OERLY bRESALE (P<
0.01), CBCT [#i{§ E DR Fetabt O 2R 1L, 2 COMERHA B CEEEDORE Fe s

DEREW L THERENHALNIR) T,



AAFFEZ LY, MREHRIZHET D Ti-Zr A 7T MEOT —F 7 7 7 M&
TifdA 7T MEREH L TRER DD o7, £72, CBCT B CIIRE F
B 2R S BT 5 A, MM OEAENPKE ALY, &2 TIHBERAEIC
KDHEBENVLIRNZ ERRALNE o, L EORERICE Y, R ENGA T
DT —F 777 FORBEMNREN, FYXVERICET SERMEOT —F 7

77 P OENRALNE IR0,

¥ —U—K:MRI, CBCT, 7—F 777 b, WREFLEM, QA 7T ME



Abstract

As implant use increases, implant body artifacts are increasingly detected during

magnetic resonance imaging (MRI). Titanium zirconium alloy (Ti-Zr) implant with

improved mechanical properties compared to conventional pure titanium (Ti) is now

used in clinical practice. However, few reports have examined the effects of Ti-Zr

implant on MRI compared to pure Ti implant. In dental cone-beam computed

tomography (CBCT), artifacts arising from root canal filling materials have been

reported. However, the effects of varying the slope of the root canal filling material on

CBCT have not been examined. Artifacts from dental materials may affect digital

images generated by MRI and CBCT. Thus, characterizing these artifacts is important

for improving diagnostic imaging. The purposes of this study were 1) to compare the

artifacts introduced by Ti dental implant with Ti-Zr dental implant in MRI, 2) to

investigate the effects of artifacts caused by changes in the tilt angle of root canal filling

materials in CBCT, and assess the effects of dental material artifacts in MR and CBCT

images.

To compare the metal artifacts of Ti and Ti-Zr dental implant in MRI, images

generated with a 1.5T MRI scanner were compared. The full width at half minimum

was used to measure the artifacts. To investigate the effects of artifacts caused by



changes in the tilt angle of root canal filling materials in CBCT images, #35- #80-sized

root canal fillers were used. The root canal filling material was placed at 90° and 45°

angles from the bottom of the acrylic container for CBCT imaging. The tip diameter and

total length of the root canal filling material in the images were measured and compared

with the actual size of the root canal filling material. Statistical comparisons were

performed using the Mann—Whitney U test and P < 0.05 was considered statistically

significant.

Ti-Zr implant were significantly smaller than Ti implant on T2-weighted images (P

< 0.05) and diffusion-weighted images (P < 0.01). The tip diameter of the root canal

filling materials in the CBCT image appeared larger than the actual apical diameter of

the root canal filling material at all tilt angles (P < 0.01). The total length of the root

canal filling material in the CBCT image was not significantly different from the actual

total length of the root canal filling material at any tilt angle (P < 0.05).

In conclusion, artifacts in MR images were smaller for Ti-Zr implant compared to

the artifacts created by Ti implant. Tilting the root canal filling material tended to

produce a larger tip diameter on CBCT images, but the total length was less affected by

tilting. These results characterize artifacts produced by dental materials and clarify the

influence of dental material artifacts in digital images.



Keywords: MRI, CBCT, artifacts, root canal filling materials, dental implant



2. &

BILE, BH D ZERE O Wi 2 2 8 T, Magnetic resonance imaging (UL F MRI
&3 5) WA 22— B — 24 CT (Cone-beam computed tomography; LA F CBCT
ETD) REOTUHNVEBBHANLILTN S, MRLIE, RSSO, &
iE ORI O ME R EIPH ORI 72 IV 1P, 4 7T v MEROH

I, MR BfRICA 77 v MEEREA LT BEPHAIND X 212725 T
W5 S MRIREICET2887—F 7727 8 LLFT7—F7727 hed5)

EgBWT 5 ECREL D%, MTFX o7 T ME (LR T s v
T MEET D) MWEELDET—F 7 77 MCHETAFRBREN ST
% U1, AR, EROD Ti A 7T v MRICH A THBYIREE 2 1) B S 7o F 4
oA=L T T ME (LU Ti-Ze /(A 7T U MEET D) B
DIVHERNIEZ TWD B L Lns, TIMBIOT-Zr s 770 b
ENOIHAET LT —F 7 7 7 Mg Lo EOHRE D70\, 70, FHEHEHE

Sl D =R ST ZRFARPAR S, BARRSAT O RHAR PR E TERR DRIAM I, 72 2 VR

\\\

ZAE A L7 CBCT M 2s H & EERICHE A < AV STV g 1516 CBCT A& T

1, BRETRRIFICB T DMESREMIC L7 —F 7 7 7 FARESATY

B U REFIEM DA LD T —F 7 7 7 MHREEC AR T O

Bk RIETAREMEN & 54 2, CBCT B EORE FRIEM N SAE L DT —F 7 7
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7 FORESEMET LHZ LITEIK FEETH 5, CBCT A IZR T HRE IR
MOGAETHET—F 77 7 NOMFRITZZIE TN L D2 ThIL TV 52, 1R
EREM OERAENET D EICL DT —F 7 7 7 ~OFBIZ OV TR,
Weat L7z 1370, ARE FEHE S 7o ARE S0, tsh O BRHT & 0 AR Fe sl
MNBEL DT —F 777 hORE SHEAL LEBEZKN R E KIF T "Rk
W5, T D%, WETEMOEMAEDOEMIZL>THELLT—FT 777 bR
CBCT Hi{BIC KT THELFMT 2 LIFEETHLHEEXLNDL U ED XS
IZ, MRIX° CBCT 22 EDFT VX VBRI WNT, WEMENGA LD T —F 7
7 7 MIEBRZENIC L RET RSN S 5%, 2o ORFHIIA% OB
PRIk F 1 B B2 O ] E D 2 IZEEIRIICIER ICEETH 5,

AWFEOHBE DTiA 7T MEE Ti-Zr A 7 F 2 MMEO MRIIC &
57 —F 777 FOLE, 2) REFTEM OBERAEDOEIC IV AELDLT —F
777 bHY CBCT BHRICMIEFTHELMEI L, 7 VX VERICE T 2 R R

MBELLT—=F 777 Faelild 5228 ThH o,
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3. MBRBLOHE
LTS LTI MEE Ti-Zr A 5 MED MRINWC L AT —F 77
k D kg

1) fEHITERT

220

77 v N AITESER 20 om OFFEEOT 7 U AVEREMAL, RaENEE
v —4 A )L (Johnson & Johnson, Tokyo) Tl L7z, fEH L7=A 77 > MEIZ
TITANIUM SLA®IMPLANT 3 J () ROXOLID® SLA® IMPLANT (Straumann Japan,
Tokyo) TH Y, FEMIIRITRTIEY THD (Tablel), 177 v MEIL, 77
¥ b APNICEE L2 EAH 10.0 mm T 7 U AVEO FEBEOSICEE L, FIfE
WORENT 7 FADOHRIZR D X O ICERE LTz, W, 7 7 ¥ b AOREIL#H
i m EATIZ D KO IZEE LTz (Fig. 1),

2) it KL ORGSR

MRI #:#& (X Philips L% @ Intera Achieva 1.5T (Philips medical systems,
Netherland) & SENSE head 8ch coil i L7z, RS, ARFAHEWBE TR
SHEBPEIRUZAE ] L TV DRI SRIFICHE o Te, 3 — 7 T ADRT XA—F —(3,
Turbo spin echo (LL'F TSE &%) (24 % T1 5@ (Repetition time (LAF TR
&9 %) 586 ms, Echotime (LAFTE &95%) 9ms, A7 A A& 6mm, ¥ VU

v J AYA X 256 %256, Fieldofview (LLFFOV &9°%) 230mm, /3N RiE

12



381.4 Hz/pixel, Echotrainlength (ULF ETL &4 %) 3, ME[A4% 2), TSEIZ X
% T2 i (TR7349ms, TE120ms, A7 A AE 6mm, ¥ kU v 7 2% A X
256x256, FOV 230 mm, /N> RliE 120.8 Hz/pixel, ETL 15, J0%&[A1% 3), Short
tau inversion recovery % (UL F STIR & 7 %) (TR 2500 ms, TE 60 ms, A7 A
A 6mm, ~ b U v 7 AP A X 256x256, FOV 230 mm, /3> RIiF 301.9 Hz/pixel,
ETL 15, N [E1#% 3, Inversion Time 180ms ), Single shot echo-planar imaging (LA
T~ SSEPI &9 %) (2 X % Diffusion-weighted imaging (UL F DWI &9 %) (TR 4936
ms, TE69ms, A7 A AE 6mm, ¥ kU v A4 A X 256x256, FOV 230 mm,
N R 19.3 Hz/pixel, b fE 1000 s/mm?) & L7z, F7z, GO a2 —
ROm & BT 2 — FHMORERT T1 5RiRG, T2 8FH%, STIR & CTIEfr
fH—= > =— RJ5f % Right-Left (LLF R-L &9 5), BT a2— RGH
% Anterior-Posterior (LLF A-P HmE+%) & L7, DWI Cidfifio 22— R
Fh%E AP J5IE, BT a— R % R-L e Lz (Fig 2).

3) WEITIA

7 —F 7 7 7 FOSFHTICIE, Imagel Ver.1.52a (National Institutes of Health, USA)
AW, T—F 777 FOFHIAZ A AL, 7T—F 77 7 NDBERETHEAT
HEBZONDA LT TV MEORRKBEEZ G AT A ATl L7z (Fig.3), 7

—F 777 NI, FMIATA A ETT—F 777 ORKREEZE eI KX

13



& Hight 10 mm x Width 70 mm D BS.L:FEIR (Region of Interest (LA T ROI & 9°%) )
ERE L, £, 7T—F 777 NORE S EZHMNORET 541, HEN
&N a— RE & AR R a— RFROZNZEIC RO Z3%E LT
(Fig. 4), &IZ, ROI NODAE SR 2 0 5N ERME L, Z O SEAME O E0 )51
DT T 7y ANTA U ZROIZ (Fig.5), TLT, 7—F 7727 MBREL TV
WD T BT 7 A NVT A O fEE R, FEEEE Uiz, EHEEHND 50 %
FEEMMET LIZEHAO T a 7 7 A VT A Ol Z Y-ElE (Full Width at Half
Minimum (BAF FWHM &9°%) ) & LT mm B TROE, OB, AohkT
NBUREE 2 £ TE Lie, JIEE, 24 OHRBHBEREMEN TI #1277
MEB L O Ti-zr A 7T MEERG SN Z LIZEE 10 [B] FWHM Z2#IE L

7’»
—o

=

4) HER ST

=)

EFHTIE, Mann-Whitney U test 2 W CHREGESEZ SIS T/ A V7T T b
KL Ti-zr ®A 2772 MED FWHM Ol %4T 7=, #HaHoHrY 7 Mok
SPSS version 21® (IBM Japan, Tokyo) Z V>, P<0.05 % 6> CHEMEEZ T b
D& LTz, £z, 22 OEBBITREMEN /L NZZNZEN D FWHM O —
HH#|X, Intraclass correlation coefficients (UL T ICC & 32%) ZHW CRHMmEHIE

FEAMEZ RN L7=, Z O, ICC N 0.5 Kiiz b7 7 —, 0500 0.75 K%
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HEEREDO—E, 0.75 LLE 0.9 K x Baf72—E, 090 L EEN R o—FE L

3-2. ARE S OBRAEOEIC IV ETC DT —F 7727 M CBCT IZKIE
SRS

1) f AL

7 7 v b A% Bechara & 2 O {EE BB TEL 3.6 cmx & £E 7.6 cm D FFEARD
W Z K CTHi7z L7e T 7 U VSR A LT, ARE T IL 1SO BUKIZHE L 72
Ty ZN=FxRA b (FYH, 5H#) O#35, #40, #45, #50, #55, #60, #70,
#80 Z (M L7z, BRI 2 3 2 E000E, R A O Jelinil & AR Fetist o4
Rl Uiz, Bl LIERERIEM O2R L eimfo B % "3 (Table 2), REF
HER OERAEEIL 7 7 > B AOEHEIZKR L 90°, 45°123% & L7z, RE FEk o
BECIZ2—T 4 VT 4 Uy T A (U——, HR) ZHWZ,

2) WiGiEE KORGS5

CBCT ## 1% 3D eXam (WARTF U HNL AT AV ¥ 30, KR 2L
2o IRSRML, AFATERBE CHlEMRAFREI A STV 2 BRI SMIZTE W,
EEBIE 120kV, EEI 5mA, WREEFHE 745, FOV EA 16 cm x @£ 6 cm,
B EAYA X 025 mm, fREFRE 269 s, Window Level 600, Window Width

3200, A & 16bit & L7-, 77, XHOREIZT 7> M ADOKRER & ¥

15



AT MG 5 6 B LTz,

3) MIESHIE

HRAE Fetht OJERZROREIL, YAKAMIDICOM Tools Ver. 1.4.5.0 CGRARKZ,
HER) 22 IV, g L ORRE FEHERS OO S O EAR & AR A MURHA T L AZEHI
L, EBROREREM DL D &R U TILRERZ R D72, AOETI/ RS
2ALETE Uiz, R FEHEM O Semih O [EAE O FHARIZ I IA 5 2 v, 2R DR
I REIR TR 2 e, FHANE, RS SRR O FiZ i - TRl L 72 (Fig. 6),
FHNE 2 4 OREHGT BRI E 3 2 5 BT OFHAI L, FHEZ RO 72 B THR
REFE LT,

et 5T

N
~
St

Rt /HTIE, Mann-Whitney Utest % JV>, SAERA BT 1) D HERORE FeiR
MOEEROE LS, 2K & CBCT Eifg - OARE Sk OBERR L O E 2 i L
Teo FT2, EERORE FEIEM OFelinil D ERE & JLRF & OB Z T~ 25 %1
Spearman's rank correlation coefficient 2 FV 7=, # &4 7 M iZiX, SPSS version
21® (IBM Japan, Tokyo) Z# M\, P<0.05% b - CAEMZ T DL LT, 2
2 O W RS E 2 B 15 5 - Big L ORE FTRIEM OO ER & 2R
1%, ICC % A\ TR RS M 2 5 L=, O, 1CC ORI & [F]

& L7,
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4. fE R
4-1. TI A VT T MEE Ti-Zr WA V7T MED MRIWC K BT —F 7 7 7
N O g
AR TREONTZFEEED Ti A 7T > MEE Ti-zr A T 70 MEOT
—F 7727 h® MR E§ %77 (Fig.7), ¥ — 7 T2 A Z L OEBICHIT 5 Ti
A TT 0 MEE TIZe /A 7T MEDT —F 7 7 7 D FWHM OFHfH
wNFHT > z— RJ51m) (Table 3) & JAJEE = =— FJ7 M (Table 4) DZNZEH
THIE LHE Lz, £72, HIE Sz FWHM OBIEER O ICC 1%, 0.771 TH
D Rigis—EThoT,
1) MRIT1 5871 > FWHM
MRIT! 58FRBICIIT D, Ti A 770 MEB X Ti-Zr 1 77 2 ME
® FWHM 1%, fifi= 22— RFJ7H T 46.96+0.0l mm, 6.79+0.01l mm T Y
WEICABZITIA BN 272 (P>0.05), 7=, Ao a— RFmicBun
TIX7.01 £0.01 mm, 6.84+0.01 mm T Y {iFHT > 22— RJjm & RERIZHE I
BEZIIA LN -T2 (P>0.05),
2) MRIT2 5871 > FWHM
MRIT2 58§84 TI1E, Ti #1077 MABE O Ti-zr #4077 MEAD

FWHM (%, fifH= > 22— R HR T4 47.97+0.01 mm, 7.07+0.0l mm T&h Y,

17



Ti-Zr A 27T 2 MED FWHM X Ti A 77 MRS I LA RIS/ S
o7 (P<0.05), F£7o, AT a2 — REMIZHENTS 8.04+0.0l mm, 7.13+
0.0lmm TH Y, (AT 72— RJ7H & FERIC Ti-Zr A 75 MMAD FWHM
ETiA 7T MEORICHEBEZEDR A BILZ (P<0.05),

3) MRISTIR £ ® FWHM

MRISTIR 4TI, Tifd A 7T MEB L OTi-Zr v 75 > MMEO FWHM
%, T 22— K5 CT4 % 6.56+0.01 mm, 6.45+0.0lmm TH Y HHIZHE
ZIHB Dol (P>0.05), F7z, BT 2 — RHMIZBWTIEL, 6.60
+0.01 mm, 6.49 0.0l mm Tb Y (AT 22— RIFH & RRICAEEEITA DI
o7 (P> 0.05),

4) MRIDWI ® FWHM

MRIDWI Ti&, Ti A4 > 77 > MEB L O Ti-Zr 81 77 MAD FWHM
%, AT 22— KA T 41123 +£0.02 mm, 9.64 mm = 0.0lmm TH Y, Ti-
Zr WA T T MEO FWHM (X Ti i 77 > MR L LA EIS/N S o
7= (P<0.01), F7=, Bz a— REFMICZBNTSH, 11.14£0.02mm, 9.55+
0.0lmm ToH Y, (AT 72— RJ7H & FERIC Ti-Zr A 75 o MMAD FWHM
TS 7T MRERE LA RI/NE o7 (P<0.05),

4-2. IREFRIEM OBERAEOLIZ LV AL DT —F 7 7 7 ) CBCT HI{&IC
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SAESER-Z
HIE ST G EORE FekEk O S O B L AR OFHE#E O 1CC 1,
083 &7V RIf72a—ETh o7z, AWZETHE O NG L ORE FEHEM O Jotin
% (Table 5) B X UEE (Table 6) & ENFNDILRFKEIRT,
1) i - OMRE S O JLimE OB & ik
Hf L OARE FIER O EARIT, AR FIEM ORI E A 90° TR E L 2GS,
S OB FEHEA O BT 0.98-1.63mm TH Y, LKL 217.33-280.00 % T
o T, WREFHEM OBERMGEE 45°1C3% & L7254, i EoRE M ol
£ 1.30-2.25 mm TH Y LKL 300.00-371.43% Th o7, F7=, #itohrT
Hi 5 ORE FHE OSSR O BB HIERFIL, EEEORE LM O
RLHEE L 900k LN 45°ILICHEICKRE o7 (P<0.01), £7o, 1RE FRIEM
Z 90°\ZRRE L7cir sy, R FIEM OILRRIT, REFRIEM OERNBREL 2D
FEPERFBIIAD LT o 72 (r=-0.90), BEFTIEMZ 45°1CRE L7256 HIR
EHAEM OILRFIL, WE TN OERPKE < 2 D1F EILRFEHD LT
S72 (r=-1.00),
2) Efg EORE S DR & LR
B L OIRE FIEM O RIT, ARG FIEM OB E L 90° 1T E LGS,

i - ORE FIEM OREIL, 27.22-28.97mm TH Y, JLKFRIE 101.09-101.73 %
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T o Tz, BT ORI E & 45°105%0E L7254, il EoRE M o
2RIE, 28.50-28.90 mm TH Y JLKFIT 100.78- 102.47 % ThH > 72, Eg LOR
BRI DRRITB T DIRFRIT, FEOREFEM ORR L HERL T, 90°%
L OV 454 S MR TR BN o T2 (P> 0.05), £7=, EBRORE IR
DR EYERFBOBFRIT 90° (r=10.40) 3L 0V45° (r=0.23) HLITHBIMEITRD 5

Lo Tz,
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5.8 %

ARG NT, DTS 7T MEE Ti-Ze A 77 2 MED MRI I
L7 —=F 777 FPOHEKTIE, Ti-Zr A 77 MED FWHM 13 Ti 81
7Ty MEREEREL, (AT 32— ROFEER L OVERE = 2 — K5 T T2 9
g (P<0.05) & DWI(P<0.01) THEIZ/NEL, Tl E#E (P>0.05) & STIR
% (P>0.05) TITABRAEITRNoT, 2) HRE FEHEP OERE B DOZKIZ LY
HC2D7—F 777 bas CBCT B T T B OMFNE, CBCT Efg LOR
B FEHERF O SE b D LR 1342 C DR A T EBR O AR Fe AL oD Je bl oD [ELAE
LV bHRENo72 (P<0.01), CBCT g LORE Fetiabf D RIL, S TOBR
A CEBORE FTEM OEE LB L THEZEZRD RN T2, T VXV
BB T DHEBMENSE TS T —F 7 7 7 NI, BB EL RET A
REMEIR B D, Ko TARIETIE, 7Y ZNVERICE T 5 HEM BN AET 57—
F7 77 FOKEE LT,

5. iAo 7T MAE Ti-Zr A V7T MEAD MRLICE BT —F 7 77
N O Lhig

AW, Ti-Zr A 77 MEO FWHM X Ti 1 77 o ME L

g U, i = = — RJ7mds L OVEE T o =2 — N7 T T2 587115 (P<0.05)

& DWI (P <0.01) THEIZ/NSL, T1#FHE (P> 0.05) & STIR {4 (P> 0.05)
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TIIAERET R -7, MRI BREIZBIT 527 —F7 77 MIBg2E+ 2 L
ThEEL D, LoT, ABFSETIE MRI REICEIT S Ti #1770 MEL
Ti-Zt (A T T MEDLORAET T —F 77 7 FORE I ZHL LT,

1) £ 7T FOMEDENNIBIT DEYELROKE S OBEH

BTCOY—I T AZBWTC Ti-Zr A 77 2 MEO FWHM (X Ti 1 o
Tv MEEHERL/NE Dy o7z, Smeets B H* OHEITBWTYH, Yba=gAD
GHBNSEWNA VT T MEREBMEET —F 7 7 7 MR nERRE SN T
BY, KRUFIEEHET R T,

2) g —r = AMICBITHT—F 7 7 7 b ORE

gy — 7 2 AMTHB LEZHAD Ti flg o 7T 0 MEE Ti-zr fA 07
7 v MED FWHM O K% X%, DWI, T2 5@, T1 9%, STIR GOIATK
Xnoto, T EHRGBE STRGTIE Ti-Zr ®A 7T 0 MEE Ti A 7T
MEE DRITHEZRZIT/R S, T2 @G, DWI TiX, Ti-Zr 1 77 o MEI
Ti #4770 MREWI L CTHEIDNE D o7, AWFFEO TE 1X T2 HiHAk,
DWI, STIR f&, T1 MG DIE TR < RE I TV 5, TE (ThE 900/ 3L 206
T=2 YT Y TRROTRE TORRM TH Y, TE BEL 72D &R R

(C XD DFENNS 72D N, ZD%y, BHERT —F 7 7 7 b ORI

BT 25, ABFSETIE, TE AHEAE S BRE STV 5 T1 58318, STIR T
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ETiRA 7T MRE Ti-Ze A 75 2 MRO FWHM O 2N THE LA E 72
FEINH ORI T2EEZEZ BIND I TE DN R K RIE STV 5 T2 5814,
DWI TIE Ti A 7T v MERE Ti-Zr A 77 MED FWHM D7D K
LABRENALNIZEZEZ BND, £/, DWHE T2 3B LY K&E< 7 —F
777 MBEUTRINE LT, SSEPIIZ LD b0 E X Hivsd, SSEPI L, —[Al
DhEE 90/ /v A &bk 180°/ 3V A D AT, %< @ echo (575 & Hif5 L k 2E[# 0D
BETDTANIKH LT TN 724 5%, MAOTHE LOMASHIE
BENT <, MMAAFICKERT—F 777 RBRELH N EESNTNDE B, =
D%, DWIIZ T2 FAGICILRT —F 777 FRKRELLELEZEZLND,
3) fifm L a— R E R a— N FmcB527—F 7727 FO
Wt
ETCDOY—7 TV AZBWT, (T a— Rhm e EEEke a— N5
HIZTi-Ze A VT 7 MEOT—F 7 77 hO FWHM 1%, Ti A 7 Z 2 b
R L/hShodz, £, T1 9B, T2 58K, B L STIR B TIAERK
¥ a— KGmO FWHM IR > 22— RJ5E O FWHM & Bl L, 00K
Xhoto, ZOHEE LT, By a— NIy a2 — RORIITWbE
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8. Figures and legends

Fig. 1 Photograph of the phantom and the dental implant

a: Static magnetic field.

The implant body is set parallel to the direction of the static magnetic field.
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Fig.2 The images show the phase-encoding direction and frequency-encoding direction

setting

A

a: Phase-encoding direction b: Frequency-encoding direction

A) Phase-encoding direction set Right-Left (R-L) direction and frequency-encoding
direction was set Anterior-Posterior (A-P) direction at turbo spin-echo T1-

weighted imaging, turbo spin-echo T2-weighted, short tau inversion recovery.

B) Phase encoding direction set A-P direction, the frequency-encoding direction
was set R-L direction at single-shot echo-planar imaging diffusion-weighted

imaging.
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Fig. 3 Metal artifact evaluation slice

The metal artifacts are measured on an axial slice that demonstrated the maximum

area of the implant body.
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Fig. 4 Region of interest (ROI) use to measure the size of artifacts

The ROIs are placed for measurement metal artifact of phase-encoding direction and

frequency-encoding direction.
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Fig. 5 Procedure to measure the full width at half maximum (FWHM) of the profile line
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a) Baseline set for the average of profile line in the region with no influence of

metal artifacts.

b) FWHM measure between baseline (a) and minimum value (c) of the artifact
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Fig. 6 The measuring process of the tip diameter and the length of root canal filling

materials in the cone-beam computed tomography (CBCT) images

a b

c d
a, b) CBCT images to measure the tip diameter of root canal filling material placed at
90°(a) and 45°(b) to the bottom of the phantom.

¢, d) CBCT images to measure the length of root canal filling material placed at 90°(¢c)
and 45°(d) to the bottom of the phantom.
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Fig.7 Images of metal artifacts induced by Titanium (Ti) and Titanium-Zirconium (Ti-

Zr) dental implant

Titanium Titanium-Zirconium
TIWI
- .
- .
DWI
| —

The imaging sequences included turbo spin echo (TSE) T1-weighted imaging, TSE
T2-weighted imaging, short tau inversion recovery, single-shot echo-planar imaging

diffusion-weighted imaging. Metal artifacts are measured in each imaging sequence.
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9. Tables

Table 1 Implant length and diameter by the manufacture

Length including Diameter of the

Manufacturer
platform (mm) body (mm)
TITANIUM SLA® IMPLANT
o Straumann® 10.0 4.1
(100 % titanium)
ROXOLID® SLA® IMPLANT
Straumann® 10.0 4.1

(85 % titanium, 15 % zirconium)

Ti and Ti-Zr implant with a length of 10.0 mm and a diameter of 4.1 mm manufactured
by Straumann were used for the study. The implant used is the size commonly used in

clinical practice.

Table 2 Length and a tip diameter of the root canal filling materials

#35 #40 #45 #50 #55 #60 #70 #80

Tip diameter (mm)  0.35 0.4 0.45 0.5 0.55 0.6 0.7 0.75

Length (mm) 28.45 28,50 28.45 27.90 27.60 27.95 26.90 28.35

Root canal filling materials of various lengths and diameters were used in this study.
The size of the root canal filling materials used in the study was the size that is

frequently used in clinical practice.
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Table 3  Full width at half maximum (FWHM) of phase-encoding direction measured

with each magnetic resonance imaging (MRI) sequence for Titanium (Ti) and Titanium-

Zirconium (Ti-Zr)

FWHM £SD (mm)

TITANIUM SLA® IMPLANT

ROXOLID® SLA® IMPLANT

(100% titanium) (85% titanium 15% zirconium)

TIWI 6.96 +0.01 6.79 +£0.01
T2WI 7.97+0.01 7.07+0.01

*
STIR 6.56 £0.01 6.45+0.01
DWI 11.23£0.02 9.64 = 0.01

sk

*P<0.05 **P<0.01

Phase-encoding direction of the FWHM was measured on Image J. Ti-Zr implant

were significantly smaller than Ti implant on T2-weighted images (P < 0.05) and
diffusion-weighted images (P < 0.01).
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Table 4 Full width at half maximum (FWHM) of frequency-encode direction

measured with each magnetic resonance imaging (MRI) sequence for Titanium (Ti) and

Titanium-Zirconium (Ti-Zr)

FWHM £SD (mm)

TITANIUM SLA® IMPLANT
(100 % titanium)

ROXOLID® SLA® IMPLANT
(85 % titanium 15 % zirconium)

TIWI 7.01 £0.01 6.84 +0.01
T2WI 8.04+0.01 7.13 £0.01
*
STIR 6.60 £ 0.01 6.49 £0.01
DWI 11.14 +0.02 9.55+0.01
sk
*P<0.05 **P<0.01

Frequency-encoding direction of the FWHM was measured on Image J. Ti-Zr implant

were significantly smaller than Ti implant on T2-weighted images (P < 0.05) and
diffusion-weighted images (P < 0.01).
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Table 5 Tip diameter and magnification ratio of the root canal filling materials in the

cone-beam computed tomography (CBCT) image

Tip diameter of the root canal filling
Magnification ratio (%)
materials in CBCT image (mm)

90° 45° 90° 45°
#35 0.98 1.30 280.00 371.43
#40 1.10 1.50 275.00 352.5
#45 1.12 1.57 248.89 348.89
#50 1.16 1.66 232.00 332.00
#55 1.27 1.78 230.91 323.64
#60 1.43 1.89 238.33 315.00
#70 1.52 2.16 217.14 308.57
#80 1.63 2.25 217.33 300.00

The tip diameter of the root canal filling materials in the CBCT image appeared larger

than the actual apical diameter of the root canal filling material at all tilt angles (P <0.01).
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Table 6 Length and magnification ratio of the root canal filling materials in the cone-
beam computed tomography (CBCT) image

Length of root canal filling materials

Magnification ratio (%)

in CBCT image (mm)

90° 45° 90° 45°
#35 28.83 28.90 101.34 101.4
#40 28.97 28.86 101.65 101.4
#45 28.55 28.50 101.51 100.21
#50 28.22 28.19 101.15 101.04
#55 2791 28.06 101.09 101.70
#60 28.34 28.64 101.40 102.47
#70 27.22 27.37 101.95 101.74
#80 28.84 28.57 101.73 100.78

The total length of the root canal filling material in the CBCT image was not
significantly different from the actual total length of the root canal filling material at any
tilt angle (P < 0.05).
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