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Abstract

Objective: Limited-cone-beam CT named "Ortho-CT" has been used clinically for more than 2 years. On the basis of this
experience we developed the new-style limited-cone-beam CT for practical use named "3DX Multi image micro
CT"(3DX). Purpose of this study was to evaluate the fundamental efficiency of this new-style limited-cone-beam CT in
comparison with helical-CT.

Material and Methods: The resolutions of 3DX was evaluated with MTF (Modulation transfer function). 3DX were
compared with helical CT about the fundamental efficiency. The subjective image quality was evaluated with the
anatomical landmarks which included inner ear, temporomandibular joint (TMJ), and the maxillary first molar and
mandibular first molar. Five dental radiologists and two otolaryngologists evaluated the quality of 3DX image in
comparison with that of helical CT images on the same observation point. The five-point scale used ranged from point one
(inferior) to five (superior). The skin doses of 3DX and helical CT were measured using TLD on the Rando phantom.
Results: The resolution of 3DX was 3.1 line pair / mm (horizontal) and 4.2 line pair / mm (vertical). The subjective image
quality of 3DX was better than that of helical CT at every observational point. The minimum score was 3.46 and
maximum score was 4.03. There was a significant difference in every observation point (p<0.05). The skin doses were
1.19mSv with 3DX and 160.0mSv with helical CT. The skin dose of 3DX was very low compared with that of helical CT.
Conclusion: The image showed very high resolution in comparison with that of helical CT. The skin dose was under the one-
percent as against helical CT. This system is very useful for diagnosis of tooth and bone in dental and otological field.
Key words; x-ray, cone-beam CT, helical CT, dental.

IEUBIC

1973FICXRRCT A s S . AR % 3K0T
1) 7 W {320 2 A7) S LA REL 4D FRIKIE -0 i
BRICKESCHMRL 720 BUETIZ, @ EOLEARIC
THEREINERIZEHN SN TwD, LAL, X#
CTEBIIAR TG, SHBHREIREN
REDMELH L. WFHTEFIZB VT, FIFEON
5y IRFEPH /%, I 2 L OB W Sh,

BRI e 2 & DR IEHRR B S R LT 22,
Ll AR A2 7 b o I T i 48 D 5 W 1.2
L TIREEE XN TWALE S A hdh oz, #2T,
FHOIZ19924: K0, MFHEHE AR L 72/ o) X i
CTORFEZ ML, 199741 /NBGHIF o — 2 1 — 2,
HADOXHCT (LUF, OrthoCT) &SIy L /2

VISl 24F M M i 1z L0 S AETAE, MO, B
W2, A>T 7> L2200 % LT3 225 D

BN D GRS - T101-8310  T-{CH XA BRI 5 1-8-13 H AR 4E SO E 3. ARt

TEL: 3219-8084 FAX: 3219-8354



194-(18)

IV &% 3K ICHY 72 WL S W & AT\, 47 HPEIZS
WTIEHELTEA1Y, LAL. Ortho-CTIXEER®
PR UR LA TH 72D T, Bl L (g
] L3E-EHROMEFFELIN TV, 20
Ortho-CTIZ Y3 A4 2 19984E 125 - S 7z HA K
IR R R - © P A At~ 4 — GEFENUBIC)
Z#MLT, €)Y BEITIC B iR L . [S5sm UpE &
O H SR SR 0 B ALRE HT 32 e i (% S W i | 2 LT
NI O — 2 — AXBLCT OFEH B "3DX multi
image micro CT" (BL F3DX) D FE# 4T -7z 4l
AR, WG, WPT, PR 7 E D JEARTERE LS
DUWT, AYHVCT ED B KD EFIi L 7= THE
T 5,

# B

3DXIFT—YE—AIZLZX#MCTDO DT, TOM
S L iz O 2 30mm, B0mmiZ R 241
TWwad, BUIRT L, pc BE LT o
Fi 72330, 2RO AR L0 [l B A FF ShTw
Ao fiETB s I IE X R 2R & dinch @ 676 - fi5 19 4%
(image intensifier; LL) 236 [ L THOFHT BTV A,
CONEHE—=ZITIET AV I TFATE—5 %l
LTWae WefgRsiZ sk AR o dLilr 2 XYZ o
FAPE = ALY, BEOWEPLICEDbE, (g%
1190 BEHER 2 (% 4 H 2 B8Ok V., FEH2mA
VZRlEE AL, IR X 17 8T R o S P & 1 (]
fix LTy 360BE S MIDHE T — 7 HIE SN . $E
7 —#{3#E240pixel. KE320pixeldd 2 KL I T % pixel
Z8bit Tt L &N I P ¥ a— 2tk S5, Wifg
HEHERE (3256MBD /S =Y F L a ¥ a— 5% i+
Bo YL FL I I E Pentium T 600MHzZ fEHIL .
(% PR IRE X0 1050 Cdp B0 15D R B P
15 230mm (240voxel) fL#£40mm (320voxel) T
voxel D K EXX0.119mmDIEN I TH S i id
1 mmilE T 1 mmE SO MG Ee I R 5
DT OWGE T3 I N2 T K308 W kL H3
oY (W

AN AICTIEEEN 5 H AR B U SR O 3
#:3Vigor helical scan CTZ2fEHIL . —felzybdeTfli
LTV B85 m120kV, 200mA%E JLi#EE L, A5
A AT mm, FEGBELEE0Smm/sec THB I Rz,

WRE*
1) 3DX D& 1Dl
3DX® f# {2 FE % MTF(modulation transfer

WS AR e 2 EnE @278 A4l

functionZX->THFMi L 72, 1401 mm O 8 # % P
fREL. ThE R ROERICEVGTHRIZL., Th e
L @ LSF(line spread function)# 2K & ., FFT(fast
Fourier transform)# 17y, 1E AL LTI f i
U AFEH I OMTE % Kb 7z

2) W @ FFAill

(TR F 1T S E NE 11131 A 1 (1 PR N 1
B KEBRBICOWTU T O ST 7. Bt
Fikid, AVANCTE3DXD ] — B % % [ 12
FORLEIE D45 IOV TE FIZRT L% T
BIgE K7, MR OKHEX, ~N)HNCTOMm %% Ik
el L, [ O3DXDOMEIZDOWT, 1-N) AL
CTOIRENE B, 22~ AV ANCTORENR RS S, 3-
ANANCTOMGE S, 4-~NIALCTOR LN L
VLS AYANVCTOMR LD By, OSBRI % 3 4 X
MERL 7z, Wif%i20lympus (H51) OP-330% v T
300dpi 7 VW HF—DE—FTTN ML 7zbDEMEHIL
7oo AFGEH BRHE24 . SR HUR R AR E A5 AT
[ @ MR & B TR 3MIAT . B IR Oy
fiti. 95% D5 HX ] & RO THEHAMITHE L 72 B
A TRGI % 5F D HE OSERE FHli # 1T - 720 E72.
BEMICHRL TV MEDOHIRIZOVWTLEADT A
YR,

WEH DWW TIE, & A T 5 77436 R AR (6 %6 %
6cm) & EER20em DK 7 7 > P Az, FIPH A E
2mmO TN ITEHOHEGAREL 2. ZOWEGAROH N
FEE2(A-FUIRTINMREL, v FEHBLUF X

=l - %
E1. JEBEHBO-E—LAXEBCT(3DX) DE2H
#HEGORBEEXBERE L. PEET 5. XEBREE
B3 & £30mm. B40mmT H 3,




20004E12H31H

¥4 D2 i & G AL & L7,

SHPEN. LSS KEI, T3 KEIEIZow
T, HIHER 2o AARSEREEEE 7 7 > b A (SE-1. Al
fenin ik Sl KB 25 E L THRIGL , il
1 2 Rl &GPl L 720 BB 2V T, B3 (A-F)I
AT ENT T B IS LTI T ,,fuﬂv)n{u
M A e, FEECC SO N 2l A0,
FOMRE S IATZ 117 T P d s 0 % a9 alﬂi(f)'i')fﬁ'l
DWEAEL, 2. Wy, PO, TR
DWTHEHliL 72 A2 B~ KEHEE, ETFH—KH
i 1234 (A-F) 2 [R5 (A-H) 1233 KA SR FIS TAT 7
[T B 51 % BT 9 2 |1:'<:'.’?‘|"-if||'i'kl'L"'i"'fr'f‘lfll'
TOM 2R, BT, i, =+ AV $
AR PRIE, PR pEEE II%H_’JL"’C;a!'ﬁlth.
3) MRS O il

Rando Woman Phantom(Alderson Research
Laboratories Stanford CN,USA) & #% Ak &L, TLD
(Panasonic UD-170A, KK) TNV ANCTEB LW

3DXHE s OB MR A W E L ML SEIL 72
WG BOE 2 e B — KHEM &L

T XM [aliix i

A.Helical-CT

B.Helical-CT

C.Helical-CT

E2(A-F). NUBHILCTEIDXICLZAREZBOX &
REDA-CIEAUHIVCT & ERL . BEELOIDX & ZER
HDOD-FICRT., NUHILCTE B LT, 3DXTid LV 8
HEBERHFEOATVS,

1954(19)

ET7 P ADOEMIEAZE AT A EE KL, 3cm
MBI 17 RO TLDZ Wit LIRIR & 17 5720 Pfe S5t
Li%h*"—’ﬂ’:H‘Ef'ﬁﬁ)i""-‘fl}ﬁfi’-l&iﬁifg{%f’{"&tf. Sk
VCTT mUI 120kV, FFHEH200mAs, AT A AL
Imm, FEHBHHEE)Smm/seck L7z, 3DXTIXAF
TE.]i:_bUk\' = - r'll.?ﬁL.ZII‘lA. FHOH2. Imm (T I="
L), PWegWE 17 EL 72, DL EOEERE 3TV,
GTLDD Ptz 5 L 7z

#w 2

1) 3DX D% ) D MsE

R EEIZRBIS /R T EHICMTEF 05128V T, A
HIWCTIZAKFE N MTO6 line pair/mm, JHF: }J [fi] T
09 line pair/mm. 3DX{Z K ¢ J In] T 11 line
pair/mmT& -7z, MTF 0285\ T, ’\’J#JH’CTii
KFH )T if (& )5 1] T2.3 line
pair/mm, 3DXTIXAKFJmT3.1 line pair/mm,

2.0 line pair/mm,

HEEL /711 T4.2 line pair/mmTdh -7
2) 0BT o Gl
FUIRTHIZ, ANUANCTHILHEE L 723DX O [

A.Helical-CT D.3DX

o

B.Helical-CT E.3DX

C.Helical-CT F.3DX

E3(A-F). NUAHJLCTEIDXIC L B EAMEERD X §21&
HEDA-CIEAUHILCT &% RL . BFIEAIOBDX % X

HDD-FIZRY., AUAHIICTERBLT, 3DXTIE TR
ROFRWEP . HBROBEIFBICITAS.



196-(20)

PO EBUEHITE, 23346, RzE A 4.03TH
oTze TRTOEMEHM BV TRIFANIZHEED
7 (p<0.05) AEEH S, 3DXD H A~ ANCT LD

3) B Ao

H2 A Ol E il 12~ AL CTT160.0mSv, 3DX
AL19mMSvTdh 7. IDXD M BHRIEAYALCT
D1/100LLF Tdhr -7z

Z =

SR T, gk, SRR, UM AE AT S K
P E 2o, FOEWICH@T T REETHD

M 70 R HE O IR EZ T (L TP e R s
NWIFG2RELRETITbRTEL, Wk, A>T
7 > bR UM TE 2 & FHERE AT IEL T A2 oM
Ty 3KICHY MG B 0T, fiEfT QI8 2 ol
XFTHRDONBFEIZ 72 LA L, fERDLIN

A.Helical-CT D.3DX

l

B.Helical-CT

C.Helical-CT F.3DX

E4(A-F). ANUAHILCTE3DXICL S FERSE1RKEEEED
X 5%

HEDA-ClEAY DI CT®REZTRL . RASELOIDX&ER
HDOD-FIZRT., ANUBILCTELBLT. 3DX T EH
[P UiE PR OREY. AL LRAOHEFREEHNES
ICITA%.

By R 7E 2 iRk 278 W4

R fn/ N 7= TIEMBLTdh -7z, 3KICH 24 M
ZHHEER O XM CT R MR & A 34, i
RLHME A E IR WS NRY, L L, RIS
SN O TR Wn /DI BN, fH%)), %
OKES, BHLLoMELE G shTE7

R CIEMHER O MMM 2R EIEEA LR D5
Zhint, FM O HA T R ESLMFEL T LEBE AT
ANEW 2THIEE IS B TS AR T D 3R AT
INERITH A TH D, AR/, £ZT,

™

A.Helical-CT E.3DX

B.Helical-CT
—

C.Helical-CT

D.Helical-CT H.3DX

E5(A-H). NJAHICTEIDXICES TS XEAEBO
X 15 1%

HZEDA-DIEAUAILCT RERL .. FELOD DX & & X
BHDE-HIZRT, AVHILCTE B LT, 3DXT (3t
X0 S B R OFERE X . RS ERE T ORI DEE
ENBRBICITAS.



2000912131 H

— V(3DX)
~®- H(3DX)

0 1 2 3 4 5
line pair / mm

X6 :3DXICLD MTF

Arai 535 W EF & [0l i 056 C # 2 30mmifEd0mm
PR L 7z —> E—AMICT (Ortho-CT) 2 M H 12
Lz, B 44, LLE L —I2ild 528

(KD, WEES G 2 FERDOCTIZ L THL/30E K
PRtz 2 HZ LD FEIZ -7z 72, Voxel??
A7 AL CTuC, 1D 34%0.136mm & i £
CTIz e LT/ EL, 2 line pair/mm® g\ & A3
HY. ALED K OB 3 KR b fECdh o7z
ZDO0rtho-CTIX19974:12 H X0 H A K7 phy <7 B A 2L
B O IRRA ST H A7 shFh s e O R R C B
IR H 24072 19984 4 11 (21X 10004 Bl & F# 55 L
20004E 1 H 11 BRAE 1 A5200000 % B 2 7= SEB O
WIS A 2H & S ab, £ >~ 7 7 2 b Ol
A, JLOCH oo {7 i Ak al, BN, P b 2 A
EOZ W TR 215 B S oo b G B
LOWETIE, A EICHE oI R ECT . T
SN I ORERI T, Inlfis /¥ 2 7 = R R ERH

1 5ERBEEEIEIC L AIDXEAUAILCTDLEE

¥ SD. | osoufgw
T 375 | 087 049" |
xx5® | 375 | o087 J 0.49"
Tem | 407 __0,3;_!' 0.13*
TEHER ' 4.10 | 0.31 | 6.13*
EH& | 446 054 | 004"
aEE 4.21 0.41 | 0.03"
TFAVE | 408 0.34 0.09"
e r 400  0.54 0.13°
| iR [ 4.66 049 | 012"
A __T_js? | os3s _. 009" |

‘P<0.05

197-21)

TS L R, WSTE X0 BRI O B s
Mz Fo, R IR R o TN & el L
0% L O T ZE A #EZTELEL, OrthoCT
DO L0 IRIEO BRI I AT I TH L E WY
TwaUH, Lal, SOREIZHE L BiEig
D74V LR OB 2 duEL T4/ » FDLL
MM LT 2720, G gk 21
EHO A DY), WO - Tuw, 2
DOrtho-CTIZ S B HEMr 3 H A A7 BBt o e H by -
LY A ARRE Yy — GlEFNUBIC) 2L T, €Y%
BT I Hh Bl S AL, RS ZUTH SR SRS
DN X CT OJE I BE L L T3DX A 7€ 347z,
AMFFETIE, SDXDIEAMRERZ ~ AN CT L R
At L7z eI B v T3DXE AT S 31 line
pair/mm e [)4.2 line pair/mmoOftiz il 7z,
AYHNCTTOR T T ANRGEN L MO 1 56%
BETHALZEDS, 105520 line pair/mm AR
RESNTVHDOT, F2GOMENBHLEE ZLN
200 W EZ oW TR, SRIARELZTRTOME
EER 2 BV T3DXDORHliA NI AL CT LD L, &
IR 1) AT BT T OB OIS o
TR R THo7. T2, HAFiZo2nThn
UANCTIZHELL T, 3DX Tld L0 SESE 4 Wi {2 H31% 5
AL PFRD AT 3 H BA IR T O 4 S AR X
L7z WML O G ARG L R A (2 X B MR Y 2 GF
fliTdH-7=5% 3DXIEANVALCTO1/100LL F DLW
A R L7z, 7220, MEOX IR e sl
70 O, W 2 LB O 720121 B B 23 51 0 F2 b it 24
A RDLLEDNHLH, CTFHUIZLTD, 3DXO R
A EXRCTOR N — P T g s 21708
ALY S/ NIEAVANCTIZ B L TIDX DT AT
45T 7zAY, SAUE3DX O MG ATH-CT (2 Mok
LTI 100& BB o D720l #ERELTRT 24
ZAHIBRINCHIINL 7222 L TwAEE 2 b7z,

Eat.))

HAKZEDHE) & BYET~ il L ChsE sh
Fo/NBSE B XALCT “3DX " (X% E O BR A% line
pair/mmé& §5 <, F R N H O LR O fH 2 g
AUFETH -7z, o, BRHREAVALCT O
=t hPATF LB SN 5RO BB LU
FRa O MR, it ThLEEZ LN,

AR VT 88 0 0 Jeg " - BCO- 1 1A HE T B S il
Hr s ey i i ko7,



198-(22)

BB HAR KB SR A 4 R SER H%,
WE J A AR G Al T B RS AE LI N H ol {12
DWTEFHMELCTIHEEL 720 NIANCTOH(ZIZHA
KA PRI o BE U R AR SR TR
NTEXFL 72 SIS LAIFE S,

Xk

1. Hounsfield G. Computerized Transverse
Axial  Scanning  (Tomography)  Partl
Description of System. Brit. ]. Radiol 1973 ; 46
: 1016-1022.

2. e L SRHC B Hmi{gi oAk L]k
P wligkaE. 1999 ; 43 : 25,

3. Arai Y, Tammisalo E, Iwai K, et alk
Development of Ortho Cubic Super High
Resolution C T ( Ortho-CT) . In: Car'98
Computer Assisted Radiology and Surgery,
Amsterdam: Elsevier, 1998 ; 780-785.

4. AR, Brdks Al B, i FETS
AONIWF T F AL ER RO B, wEH
A, 1998 : 38(4) : 266-267

5 FrkENL AL, kR B MESh
72 FHZNCT (Ortho-CT) — £ D RRHIEHIZ
DV, HURRB R il 23 ek, 1999 ;47 (5) :
311-316

6.  Aral Y, Tammisalo E, Iwai K, et ak Development of
a compact computed tomographic apparatus
for dental. Dentomaxillofac radiol. 1999 ; 28 :
245-248.

7. Honda K, Hashimoto K, Arai Y, et al: Clinical
experience with Ortho-CT for diagnosis of the
temporomandibular joint disorders. Dento-
maxillofac Radiol 27 : 39, 1998 (supplement 1).

8 ARHAI, FrobaEl, AL b TR
PN AT 2 i 263 A Orthocubic super
high resolutionCT (Ortho-CT) system® i
W — i3 2 5 < il B KOV R #R i
WL ox —. HAZMEIF 2. 1999 : 11(3) :
186-192

10.

11.

12.

13.

14.

15.

16.

17.

18.

MR WG R TE S bl 278 el

PrFs, A, R R R B
X#CT (Ortho-CT) W 3 ci{§ R 7 u o5
L O[5 BRI #1999 ; 39(4) : 223-228
Pk sl AL, TUESEE R, At MR
A XA CT (Ortho-CT) D ERHA 100011 it
5. H s 2558, 2000 ;19 @ 56-63
PR SRR NGB CT % 2 H W72 50
MEZRE OB IEE. H O HE. 2000 ; 74(4) (F)
kil )
Wb, fEE 2wl AGAR L At L /NI B
SKIEXBCT (Ortho-CT IS W H LU H
) [ {42167 g WAL BF 78 Z3 BB, 2000 ; 27(2) (F)
kil vf1)
Terakado M, Hashimoto K, Arai Y, et al:
Diagnostic imaging with newly-developed
ortho cubic super high resolution CT (Ortho-
CT). Oral Surg Oral Med Oral Pathol. 2000 ; 88
(in press)
A, SFMIER. FREE, SRR
R GHEF X BLCT (Ortho-CT) @ LIFEA IS~ D
BERIGH., — 2L FHF Lo MFRICH LT .
PR AR 2000 ;40 = (EDE )
EARIER, Brbsil, 408, b FHicAi
SN TAE MV ZE OPIBPERIZ Y3 0P 7855
1HE 564E B O SR ANES S XCT (Ortho-CT)
S OBZE. WA 2000 ; 40 : (EDEH)
F e, AR ) — X CT AR v,
65-69. =1t H 5
Christiansen EL, Moore R], Thompson JR, et
al: Radiation Dose in Radiography, CT. and
Arthrography of the Temporomandibular
Joint. AJR 1987 : 148 : 107-109.
Frederiksen NL, Benson BW, Sokolowski TW.
Effective dose and risk assessment from
computed tomography of the maxillofacial
complex. Dentomacxillofac. Radiol. 1995 ; 24 : 5558,



FUYO—-RENRIXBBHOFBORFESNTVET, ARNOBEAICOVTRETLZZETE W,

BiE % CHEDH

Wi MYEITE 23, AGHBERE T OB A MR 2 — R N (EHE XSG E L T B
DT,

AEEHBR S N ORE % THEO . (L) FINEVEHER R L VRG22 TS v, 1
L. 38 NI & 2HRIH B IOBEEIZOWTIL, Ues e \ 2SI A H A E e~ ¥
— (1) PV AR H BB T A HER) 2 B REE L TV B HIE) & adGiE R
B T fit L CWABEICH > TE, ZONEZTE VT RA FHAWEA HIOBEEIZOWTIE, #F
HLEETE) o

1

MERIZR oG — AN e 2
T107-0052 HEHREX AL 9641 JUARKE L 3F FAX : 0334755619  E-mail : info@jaaccp

BHLS O CGEOT IR, ik, BIERSE) [T LTId, b A e S Rt L T
D Ao
EH%, WSS~ BRWEDEC7ZES W

Reprographic Reproduction outside Japan

One of the following procedures is required to copy this work.

1. If you apply for license for copying in a country or region in which JAACC has concluded a
bilateral agreement with an RRO  (Reproduction Rights Organisation) , please apply for the license
to the RRO.

Please visit the following URL for the countries and regions in which JAACC has concluded bilateral
agreements.

http://www.jaaccorg/

2. If you apply for license for copying in a country or region in which JAACC has no bilateral
agreement, please apply for the license to JAACC.

For the license for citation, reprint, and/or translation, etc, please contact the right holder directly.
JAACC (Japan Academic Association for Copyright Clearance) is an official member RRO of the
IFRRO (International Federation of Reproduction Rights Organisations) .

Japan Academic Association for Copyright Clearance (JAACC)

Address 9641 Akasaka, Minato-ku, Tokyo 107-0052 Japan

Email info@jaaccjp Fax: +81-334755619





