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ARG SR S Tto M, Hayashi Y, Matsumoto K, Arai Y, Honda K (2021) Evaluation of
cone-beam computed tomography over a small field of view in a water bath based on the
modulation transfer function with repeating-edge oversampling. Journal of Oral Science, 63, 87-
9l Al L, ZHAUTKEZN ESE 272000 R L DOEHE KD 2 EBRFER 2
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B =

/NIRRT EF AL = — > ' — A CT  (cone-beam computed tomography : CBCT) (235 T
Z2fi oy fERelE, TOMERZ R T HEREE TH D, UL, BRI T T o2

fRRE 2 S 5 ERI S (modulation transfer function : MTF) (2 L D HERICHIEE TS Z

$

LiE, /AR EDBREERIZ L > THEETH D, AWFETIE, /A XEEET S A]
OB XY, BRIRIREME B UTKP R T MTF 2 IET 22 &2 AL L

7’9—
—o

FBRIZIE CBCT ML, #EERTHLMET 7 > b XTHIZBYE L7, Z ol
ET7 7 v AT, R 77 /3 (25.7) T 72T VI =0 LR T ERMEH LT,
MTF (27 V2 =7 L3 A T o = PHEHEIEL (edge-spread function : ESF) X ¥
Koo, Fio, EBEOF— =% 7V T HERIFHOHIC L > TRz, MTF JIE
I L7z BESF ISR LT, /A REET 5 72 DICEEEHREE 217\, ESF OENAH
LY ZiTo7, ZOEBIZHOWTE, ERPBLIOKFOa L TR A X
(contrast to noise ratio : CNR) DE L VKD, SHIZ, =27 4 L ZIZL-T
T A X R NEWEEE BRSO A BRE LT, BAERIIC, AR Ko TR B 7 ESF

X0 MTF 25 H L7,

FERE LT, ALEICE > T ESF O/ A X&WMHTZENTEL, ZKFTD 1.0
line pairs / mm (LP/mm) 35 d 0" 2.0 LP/mm ® MTF (%, Zi£41 059 L5 L 00.18 ThH

D, KPTIZ0.528LN0.16 ThH o7,



MR LTy VA — =W 7Y 7RI ESF ORI ZRLAEHE T HIEIC LY

KPP FRMIZIIT D MTF (2 & 2 22RO MEEDRME 25 2 L3 T&E T,

&

i

/NBEEF SR 22— B — A CT (cone-beam computed tomography : CBCT) %, 1990
FARE T Aral D VI o TR S 7z, CBCT 12K 2 MRS, (RHg#R &R CEM T
&, ARBELZEBL TS >, CBCT OBEGIHMICIW T b EERERIL, B
FEARTERDRETHY, ZNETICEZOMEN RSN TERE P, Zhbidl
TEN e L L ml 7 — U =25, (fast Fourier transform : FFT) % FV 72 285 m 2R %K
(modulation transfer function : MTF) 233 < B@BI R SFiERH 2 WD Lnt, =
NHDOFEOWTIZEWT Y, CBCT OZEMREEDFEM & L CidfEEME I8
SRR S TND, S 61, EBRIRIITERIR & MTF (255 < BRI TR R 3K
ELEBRDGENRDHY, W OPOFEREHIATHD P, ZnHOREDZEIX
ZERHTITHOITE Y, CBCT DEVEEBICITAZN TH D03 P8 gk 2 405 U 7= [
Gt LTSRN BTV, Thbh, T E TOZERH TOZEM o iRREZ
ETDMRETIE, 7477 Z—0ffEl<Toil, BKMZREET LKL CTEE
MBLOEBENMENRETEHBSNTNS, S5IC, ZALOIFEICENTIE, K

IREY72 50 T TR 2 JH PR OsRERHAAR (S ALK 3~ 2 BEL 2 =< BE L Thauy,

ERIRI 72 4 F°C MTF ZIE 3 5 72121, #EBHARIC A2 3 B /K & i 7o L 7o /KkAd
RRY AF VAL T Y L— 1 (polymethyl methacrylate : PMMA) Zf#i [l L %'V, & &
RLEBE GRS THEA SN TV D RFICRET 2 4ENHDH, L, CBCT T

IIPRE SN - tR & (field of view : FOV) LBl Z#ix 12, 1554 5 B E N E



LTz, XHROWIEIZHY 35 CT A EMISRD D 2 EnTaipn ), &
7z, CBCT [IEHMRMREZ R E LT D0, TOMEL LT/ A XA LT 2,
ZO7, WEOHIETHSE S TS MTF IZFREER Th-> T, MLtk
SEBL, HEMENMRWE SN TNDS P9, F7, PRI BELRRICHRT 2 7 A

DRETITBWT MTF Z IEfEICEE T2 Z LIIARFARETH D 19 /A4 ANRLFAE
T DRI 2R T TR, HEELBRICHRT 5 2 A X3% <, CBCT ™ MTF OHfIEILIE
WCHEETH D, £72, 1RO MTF OJEF »~ M &EEH LT, Tl EFIC s

TWLEYICHEEZT->TH, MRAMELNLRNEVSPIRBRELH D ',

—fRAIZ MTF 1, R Y v bRUA ¥ —E5N 55O TMRILEBI%L (line-spread
function: LSF) ([ZFFT Z @/ L CRIAE I ND, £D72w, BAHITIE, A ZD72UNLSF
TRUTIUTEME/: MTF 21525 Z L N TERY, ZZRHP TOHRE TIX ) A RPN
W, MTF ORZEZRE/RICIZ 52 L0 T 5, LavL, RIS T OB T,
BELRIZ L D /A ADBKEL W, MTF Z IEfEICHAET A Z ENRETH L EEZ DI

TWd, /A AXBRKREL DL MTF OfELRE 725 9, L > T, MTF & 5f

BT DN, Z0/ A X PRI T 20 EN DD EEZ b,

ARWFTENE, FRIRAIZR 5 248 L 72 K TP 5 C MTF 12 K D22 fitie 2k 5 Z L &
HIE Ui, my Uk SR L X—f o 7Y 7k BV L, & DIk
DIRLIZE T/ A REARWT 2 HEERMA Lz, AT, A—_"—=% 7V 7k
THRIZEFICH L Tr— 327 4 L ¥ (low-pass filter : LPF) Zi@E/H 'L T/ A XADIK
WEITo72, ZHHD ) A XKk E B E LRTLERIC X 0, KPSREIZEWT MTF

Z R Lo Z2 M fReE DRt 21T - 72,



MR L O5E

. WiE7 7> kA

WEMARE LT, B 10mm, EE 1 mm D7V =751 (A1050TD, AQR)
ERWE, TAI=0 AR TN, KIFROTZDH IR E LB EA VT, HEE
TN LT LHWIRIE TRRIE L7z, BIEOMEIZIPMMA & L, _—2 (EA£50
mm) , PR T (SME30 mm, HE 80 mm, EE 1 mm) , ARMOK (FLOES
3mm) HAER L7 (Table 1, Figurel) . W SA FIIRFHAITKT L CEAICEIE
SnbOzfEAL, ZoEICKESRZEE Lz, TV =0 L5 7T ORI

77:3 (25.7) THY, L7I=No THIGH /A — =7V o THix25.7 ThH -7,

2. HIEE

FZBRIAE ] L 7= CBCT 13 Veraview X800 (£ U ZBUEFT) Th 5, R slbix, ¥&E
JE 100kV, BT SmA, RS 175, [EIHESMAE 360°, FOV (LEAS 40 mm x & S 40
mm, A7 BAYA AT 0125 mm (HE5H, BTH, mSHmE bICFERL) , A7k
JVEITIE RS 320 x & & 320 & L7z (Table 2) o ZKAEIXERE 180 mm x & & 100 mm D b
DEERL, WEZ 7 boaERE L, WEY 7 A%z, CBCT OIEY, Ik
FOKFED 3 FHanboREREL —F =2 T, FOV OHRICEE Lz, WET 7
Y N ADOBEEE, BET 7 N SICEY AT K EERRIZ KV KEIC /e D KO ICFEE L

Teo T =LA TOMEOTGANE, RIKEE —ET 2 X5 ITRE LT,

F9, AKEICIIKREZEAETICELS T T CBCT OfREa1To7-. X & ORI,

KA KZ ATk L RIREOMEIZ 2D X9, X MEWRSE L7200k (&



S 1.0 mm) ZRE L7z, CBCT 1%, EREDKTTHHEICIE—2RYa izl vy
FL, IEMEIX S L, B LET —XICHEHBEER I —2 L TH D

G _003+H 205 (#FH) % i-Dixel V7 b v =7 (&Y #8ER) ZHWTEMH L7,

Wiz, 77> b aEKELREEZIT-T- (Figure 2) . AFEIZEAT D KIZFHRTITH
KRL, TNI=U LR, T~OKIAOR A & BT T2, B Tl ZITOaNS, X #

B ORNIERE UT-8bIXE Y 4 L,

3. EhAbYOREEEOIE

AR TKRPIZEIT D /A4 XA~Oxtk & LT, #EERE L, Ehdbiic
£ A ZAWHNEEZRA LTc, ZOREREOREDTZD, ZE5H B LOvkfickir
% CNR (contrast to noise ratio) DHIEAZITo72, CNRAETIE, T/ I=U L AT
OIS T D EHB LT V2 =7 A O E I T D BERE O P & Fm AR 2=
FRE L, HEEOZELIEEFRZEOEHOEN DRI L. (Figure 3) . 51T, HIE
ENTAKFELOZELF O CNR O (CNR ) %R 72, BREEE n 1 XRTR O CNR

/N RU T2 BEIFC, 2hzd FfT52 212k TRD,

4. MTF &

MTF JIFEIZ BT 2 BGOfTiL, BLITFDLB0IT-o7,

1) T2

EZ 7 > b LOEE L7 320 DMz J71A] CT Bifg 2 i3 L, i-Dixel V7 ho =7
ZEHLT 16 By hdZ L —X/—)L DICOM (digital imaging and communications in

medicine) 74—~ h T 3D RV 2—LbF—X &5~ BGAHL, BRiHET A7



Z U NumPy (https:/numpy.org/) %Z{#H L, Python (https://www.python.org/) THIERk L

FBEOY 7 =T 2L CEmLT-,

2) F—X—=H TV T RURFERRO T OHEE

3D RY a— AT —Z0LHET 7 2 kLo ST R T 8 5 A A AL L7z
(Figure 4A) . BE.OMESEL (region of interest : ROI) % 7 /L 3 =7 h/3A FORIEICEE
L7z (Figure 4A) . ZOBE{EERI M (x fi7m) [y L, =y &Rz (Figure
4B) . MEEORKEONEEZME GG Ry VOfME (x #) & LTREL, =
NZEHWEFEE LTERRLE (Figure 4C) . 26O J8UCXT LIEYFSHT 247V, [BUF
B A RO, ZOBYFERIL, Figure 4C EO R WEZE LI A BERATERIN
TW5b, ZOBEYFEMRO T OLONE LR E RO T, EEOA— =T Y 7

tix, R 7zREREROERIL E Lz,

3) B/ eI K D ESF (edge-spread function) 0 Hufs & fi%&

F—_—=H 7Y 7YED ESF OBEEL, y $FATREMRICHE - T, BEURERRDO
HFLZED X A2 > T B LD (Figure 4D FF, Figure 4E) . Z OALELZ {5 EfS
ZnE#ED RS Z & T, nfld ESF AMFbNnTc, RIZ, % ESF L7 w77 A LD
HLEUTO X ICE N L, £9, A— =% 7Y T HICE LWREEEZ AW T,
% ESF OBENEHEZHE M Lz, RIZ, % ESF O x ATBIT HMEEOFL i 2 HEE L
(Figure 4E, ) , 1225 ESF OHLMIE y &2 kO 7= (Figure4E) . LA L% n[E#EY
WL, 45 ESF OHLMLE y 2 & - The/h "R EZ WL TEY| L%, INEEE LT

ESFue &R 72,



4) FAFANERECCOT 4B ) T

F A X A N EREE PLLED ESFae OB ER X, BEIEIC L S LPF 2 H LT

brE Lo, BEPEHORRIIA— =Y 7Y Tl E—EESET,

5)  ESFue 5D MTF OFLH

LSF X, ESFae 2T 5 2 12k o THZ, ZOLSFIZX L 65536 (2'%) v 7t
FTOTHFE LM%, FFT A L=, w%IZ, Bk L 912 LTHE 5472 LSF @ FFT

MEER SN MTF 28 L7 2,

5. EFRIHTE LY MTF O kb

FEEHLERIE, Excel 2013 (Microsoft Corp.) & SPSS Statistics for Windows version 25.0
(IBM Corp.) ZfiH L7z, EBEOA— =% 7Y > Z O FHE, BUREROPE
¥ R ZHM L7z, £72, ESFae DACEZEEHEL LT, nffld ESF £ EH DL
DIFZEZ ROz, ZOEKIPOEE L KPOHEDOREICK L, FREZIToT, £
NZH nffld ESF 7> 53R 872 MTF & VT, 1.035 X 18 2.0 line pairs/mm  (LP/mm) @
JEBAIZ I D MTF O L OMEERAEZF I L, Welch O -#7E & HV T HLk

L7z, SEHFRAB/KIEILZ P<0.05 & LTz,

fa R

1. EhRHbYOREEEORE

ZERHP B X OUKHPIZEITD CNR X, FLEN 4433 BN 13.80 Tho7-, Tl L

D, CNREEIE3.21 £7p~7= (Table3) ., /KH D CNR 25+ D CNR L [F% &3 51C



X, 321D 2/ TH D 1032 [BIOT — X ZMENVHTHNERHDH Z ERNbhoT,
AWFZETIE, 321 f5O/NEUSLA T 280 BiF 4L L, 42THD 16 mZREmEn &

L7,

2. MTF HIE

Figure 5 |2 H CHRiY S LT B OFFNTHER Ol 2 7~ 9, Figure SAIE, JEZ7 7~
FADT VI =T LA THRKREEZI T D34 T ORI OWHEE TH S, Figure 5B
(I x BT NS LTz Bifg A m, ORI OB 2 BV EFE TR L, FHR Sz

B x T O H L x 2 FIWREIT/R L2 6 O 28 Figure 5C TH 5, FEHI S /=[]
ERROBIRNEIE 29.199 Toh o 7o, HIEWTHE ROLIZISIT 5/ 3A TWik O HL xo 1% 128
Thol-, Hit x. (Figure 5D) 29> TR LT ESF ZRD7-#EF% Figure 5E (R

9, F£77, ylX 167 THo7= (Figure SE, HHL) .

Table 4 |Z/R9 K 91T, Bim bEOA— R—H 7Y U 7L 25.7 E%EF STV,
Z2R P CTORERRMEIE 27.2, KPP TOFEBMEL 29.8 (LHZH 16 Bl Ui R oY)
fE) T, WINHEEREE EE-> T\, BRI OREREL R? IZZE5H T 0.988,

KHIT0.969 T o7z,

Figure 6A [ X3 HIH D225 H O 16 {f D ESF, Figure 6B (35511 D 16 # D ESF %7~ L
TUW5, BESF OHIMIE y DIRADRKMEIE, 2254 TiE 17.0 B2 &L TEERZIX
5.1 T o7z, Figure 6C & D%, ZALZHEESIFTE ELN%OKFTOD ESF 277 LTV
%o ye DIRFAEDIKAEITAKT T 258 27 /b, HEAERFHEIT 119 ThoT-, ZZRT &K

FOERERAL, FREIC XD BEIFIICAH BRERHED bl (Table5) .



Figure 7 |\Z ESFae, LPF Z i L7z ESFae, 3L NLSF Z/~ L, Figure 7A, B, CIZ
225 H, D, E, F i3kt Z Rd, Figure 8 1%, Z2&d LAKPTHONT- 16 [HOMH % D
MTF %7~¥, Figure 9 1%, ZZXFBLIOWKFTHLATLEMR S MTF 2777, 1.0
LP/mm CT® MTF X225+ T 0.59, KHFT 052 THY, TOETHIFMAETH
-7z (P<0.05) , 2.0LP/mm T® MTF [3ZEKH T 0.18, KHFTO0.15 TH Y, Hat#m

WA BEZIIBO N -7~ (P>0.05) (Table6) .

5 8

/NS EF AL CBCT | BV RHECIE, /A R LR ) & 3 22 o fRE DY
FRiCEHETH D P, /NE72 FOV TrEf#E 710D CBCT X, ARE 7 & ORI/ 1t 2 8
BT L ENARETH D PP, ZEWMDRRE DML, EBIRZRI5E 10 L MR 22
EICES S EBRIRFE PRd 5, FBIRFIEITHREMAR GIETH L0, Rk
77V NABRBRETH DL, FEMTETE, —BOICHEY 7> b aERBL, RIA

230 B8%% (point-spread function : PSF) <° LSF Z K, FFT %3 L C MTF &% 95

17,21)
o

T AV ATIRGTHER D LSF 2RO DHT-DITIZAY v MERHWLATWS, ZOF
BIE, AV ARTRCOEEEE D EEhE VI MEEFIHL TV D, =RocHB %
KR LTHGEITE, VAY—IERHVOND, ZOFIEX, AV v MEEZ =RITIC
JEELZLOTHD, EMRAEESLZDICIE, UA v —I3IEFIci<, AN
IR 7 BNV A XL /NS T H0ERD D, 121X, Watanabe & "IXEFE 0.1 mm
DR TAT U IAY—EEHLTEY, ZHERZ %A 20125 mm L0 A0V,

CBCT HicHilRENTWAHTIA¥—7 7> hA& LT, SEDENTEXCT image quality



(IQ) phantom (Leeds Test Objects Ltd.) (ZiE, EZ0.25mm D AT > L AT A ¥ —N)
FIHERTWD 2O Lovl, ZoRBICRHAIN TV UL Y—DKX1E, AER
TEEM L7z CBCT DR A X% LEI D720, @tk ))d CBCT (XXt %5 MTF @
HIEICITE LTy, 72, UA v =2/ < 30U 513 EEER L L RS
KW, VALY —%M<THLHEBEOay N T A MIELT D, TORD, /A4 XD%
WA T TIREBR 72 OV 2 WHIN D A Y —Z R TE R, UA v —%if
CF B LICBRR o=, ZDESHIC, TAY—IET ) A RICHEUR & 5 G 5
Do TDID, TAY—L /A XDV IR CTOMBE T OREIER S, ZEE

DLZEMEDFTHE-CEEHICBWTIAZ TH D,

AWFFETIE, BRIRAIZREM 2R L 7oK PRI T DG N2k D Z L2 AR L
L7, ZOHMEERT D720, HMOKRE S LSMOBER 180 mm D KAE % 4
L, KFTH|REEZITo7, LoLARRG, KHP T, #HERICHY 325K 6 O#EL
e X BOBMBIZEY /A XDRHEFIZELL, Z0 /A XFHTE L7 FFT ZIGH LT
MTF %R DG AICKERFAETERK L 2o Tie, /A ABZWEE, /A4 AORFE

B MEBRTICE R Y, 55D MTFIXERL Y R R2REZEL D 2,

Zow, WERNS ) A X2+ IR T 2 68X H Y, AFFETIE Z ORE % fif
RTDHE—OFHEE LTy VIEERA Lz, =y DRI, ZRITHEG TG RAR
BEMEOSIR 72 E AR DL, ZROTHEE T IRCOBCR OGP EERA T &
LA YEHWD, =y VB, A Y —BICHERXTEONLIEBDO T TR RR

m<, A RN E WO REND D,

WE DL EVEDO TR EEHIZIE, X MOPIRLIELS, mnar b7 X o

GNDA T AT UNFERITHENEND, LvL, T AT 00 X RIRIERIT S

10



RFITHEE UCIER TR E <, BRI 137 b, 22T, XRS50
ZHEE L7z MTF ORIED =%, EWE R, BER KO X HRWRICER N EE IV ME %
BOT VI = ARRIR LT, T =A% 71, JISH4080 THIME L X4, HlipE

12 99.5%LL |, EAHEZEZ0.18mm L T Th o7,

WE, WEHEHOZDIThD MTF OREL, 228 TIThbitTngd, 25T
D X BIEFERIFAKT TO X BBERE L i LRI NS W, R—HRE stz
ML TERTCRE LIESGEIIZBT 577 v XX VT 47 7 % — (flat panel detector :
FPD) ZxtL, A7 XHRAAS L FPD AfafnLCLE 9, £ D72 FPD OfafIDRs
L& BB E L, KB TO XBRBINEIKET 2ELZFOES 1 mm OHilE: X HiE

,TB\I \—- %Lj‘\_o

TULNVEBETIE, FA XA MNEEE P X0 b EmOEREE RO, 7Y
YU EBIZEY MTF IZBRENE L D, ZORBEEZ RS D7D —"—H 7Y
ZEER AW D, ZOFEZFRRHZ A ZOMFIICLENTHD 2, = v IEIZBW
TA—N—=H TV U TEERCDEAE, DI sy PBRE2FIHALT
W5, A== 7Y T TO ESF OBEEORIE, JIEST ISR L 90 FElER S
VAN OEEZ D, ZOR, #HREINIERAEIT 2 ERETHD P, KiF%R
THEALZRER” 7> b AOEREIE 257 T, AEICRAETL L 223 L0, H#
B AMEISEEIL T\, ZOREN 1 ETNLE, ZAROES &ED TRE S
NDMERNER L OSSR T 24— =3 7Y U F I 33~50%DfEEN4 L, FHE S
D MTFICKERRAENECTLE D, 20, AEFIER I Z EflcEd

é%‘gzﬁ%éo

11



—J7, BERSLOME T 7 > b AEAVEERTIE, MTF Z3HE TE 0L 5 Rk
e T —DNHE SN TND 9 Zo—RE LT, WEEROMERAOFBMENEL,
F—=_—=H TV T HDORENREHTHLZ EBBEX b, £ T, KUF%ET
FHRET 7 > b DOBREH K EGRZBINT 52 & TT VI =0 L8 TOMRA

DOFHMEZ D, BRENNS RS I 91T L,

B E 40 mm O FOVIZH L TES 1 mm DTV =7 LSS TEMERA L, 20540
T, B EORRKA— "= 7Y 7T 40:1 Thote, BEIEEZZE LT, M
ET7 7Y FAOHFI SR FITTRE S 80 mm OIS/ TEER L, F7-,
TNAI =L, TRERSELHE LT, 1, 2, 3mm & 1 mm BE CEAELINT
WHAEEER Lz, B EORKOA— =37 Y 740 0 11, 2 mm,
RA T O E 80 mm ITFHYE T 5, EORE, 80 mm D/ A T 2 mm D FAEZAEH
LTV =0 A8 TERER S EI28E, BmMRd— =% 7Y o7 idm S0
80 mm72 5 2 mmyE U C 78 mm & 725 Z Ean, BEAIZT78:2 (39.0) L7V, MTF
AT 39 mm DOE ENBE L 05, BRAOBRELZZET 5L, FOVORS 40 mm
IDIEWR S 2T 5 2 LI3BREN TR, Z22T, MICERL-AEo 1% 2
mm 75 3mmIZEE L, BiReA—N—H 7Y T E 77:3 (257) L LZ, 2
DG, WEICKERE 1L 257 mm & 720, FOVOE S TH D 40 mm LY +40{K<,

FIRFIC e RE WA —R_"—H TV T a5,

KEEOF— =% 7V o THIE, T =0 LA T O W B (Figure 5A)
MOEHR L7z, £, x @i m CHEEZ M5y L (Figure 5B) , £ O X 0 i KSEE
EDEEREZ TS L7z (Figure 5C) . WIZ, BUfG S i K ESIIZ%F L Watanabe ©

DIk N, BRI 21T -7, ZOBROA ==Y 7Y o THOFEL, K

12



FCIE29.8 TZEFTIX 272 &2, BERMED 257 L0 H 10~20%E ERE < 72> T
2o ZOZ &, Himl A — =Y T Y T EAOESEICE, EEOA—N
— TV T E WSS EE LT, MTF 12 10~20%Df AN E T TS Z &
R LTWD, F£iz, BEURSITICET 2 REREIE, KP T 0969, ZE5H Tl

0988 THYH, WINLIEFIZELS, BHEEOEVMETH -T2,

JARXSDE_OxHFEE LT, ESF OERGOLEIZLD /A ZERBIEZHRH L 1,
ZOEBORER, /A AERDOTHEETHD CNR 2Tl LT T2 7, SEIOHEIC
BWT, ZERXPERBIUKTO CNRIZZNEI 13.80 BLT 4433 ThHolz, - T,
ZEL O CNRIFAKHF D 32115 CTh D, £iz, TV ¥ bl /) A RIFNEDEEE 44512
T 5 L T 5 M E & # > ( https:/terpconnect.umd.edu/~toh/spectrum/
SignalsAndNoise.html#EnsembleAveraging) ., 37205, KHFD ) A ANRZEFRD ) A4 X
D2HEDHEIT 22 TH D 48], 4505EIT 4 THD 1618, 8EDHEILETHD 64
[ OME T ET 52 LT, KFD /) A XA EmEZELRTEREICTHZENTE D, K
WFZETIE, ZEPICBI 2HRIE S L, KPD ) A &N 321 5 ThoTz, 5T,
K TORERERD ) A Xz 22 & RIFRE L TREITD10E, #VIRLEE n %
320 ThHh D 1032 LD b RESTDMER DT, £IT, +0I0/ A4 X% S
o720, MURLEEAZ 1032EED b REWV16[EE L, ZoEFED ESF 241t

THZLET/ A RERET D Z & ailkAiz,

ZZTHELNTE 16 B4y ESF HMICEQEDE D &, BAHICETIUNAE T
(Figure 6A, C) , AR LIRS Ze-oTLESI LW OMBENELT, £ T,
% ESF OHLMIEL yo & L TCEHE L, % ESF Dy i/ IRIETEI|I S, 20

F2ATH 2 & T, BB A ALY L THEIENINIRT 5720, WIEOIREZ ko
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TmEE A REET H Z LN TE T (Figure 6B, D) . FEFIRFORE ST M ~D 8 &
DERIEE, KPTIE 25 7L, ZEQHTIE 17 7BV THST, ZALDEE
F—=N—=H T Y TS FEERIIB T D87 B VEMAET D L, x il mo%
ALOMEITIKFT0.86 £ /L (25/29) , ZEXHTTO0.62E 7L (17/27) Th-ol,
INODOEE, A—"—=P TV T (Thbbh, FEZERICE TS x #hmo 1 v
7®IV) BB TR ST, ZOMIER%, ESF 2 F¥ML L CESF 2% L7= (Figure
7A, D) o ZDO X DHIT, [FEMETHSG L2EEKO BSF 2HE Y452 & T, MTF @

AR AR L, BRI RD Bl MTF OREE M LS5 2 &N TE 7,

BB, ==Y TV U TIETIE, A ROEBETHA XA MNEWHEBZ D
RO 354 L, MTF ICRRENE LTV, 20/ A A& KT 258 = 0)ik
& LT, ARWFFETIX LPF 2@ L7- (Figure 7B, E) ., Z® LPF %, A—/—H% 7
Uy 7 (FZEBTIE 1 B0 ICEDbEERETEENEEICI D EH STV
Do BRAZRELTHEXVELS /A ABEFESNDDOT, A—"—=Hh 7V T
PREVIZEREZEMO | B7BVHYTLIRIELRELSTHZENTE, /A4 XK
WRIR b E 2 KRR TIE A RERB T D72, d—"—H T Y T HITH
VI HEIEE LT, KT 29 B7®L, BRPTIE 27 7 BMC—HSE, 2
UC XD, KFPTHIEFIZ ) A XDV 72 BSF 2435 Z &3 AlRe L 72> 7= (Figure 7B,
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Table 1. Measurement phantom characteristics.

Parts Geometry
Aluminum pipe (diameter x thickness in mm) 10 x 1
Base plate (PMMA) (diameter in mm) 50

Main pipe (PMMA) (diameter x length x thickness in mm) 30 x 80 x 1
Bolster (PMMA) (edge length in mm) 3

Spirit level (diameter x height in mm) 20 x 8

The inclination ratio was defined as 77:3 (25.7).

PMMA: polymethyl methacrylate
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Table 2. Scanning parameters

Parameter Value

Field of view (diameter x height in mm) 40 x 40

Tube voltage (kV) 100

Tube current (mA) 5

Acquisition time (s) 17

Rotation angle (degree) 360

Voxel size (mm) 0.125 % 0.125 x 0.125
Reconstruction kernel G _003+H 205
Copper filter thickness (mm)* 1

Water bath (diameter x height in mm)** 180 x 100

Apparatus: Veraview X800

* Used in the air. ** Used in the water bath condition.
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Table 3. CNR of under water and air, and repetition times

Intensity of surrounding Intensity of Al
Surrounding Mean (SD) Mean (SD) CNR*
Water 21.7 (105.7) 2055.4 (107.1) 13.80
Air 1088.7 (45.2) 2145.7 (57.3) 44.33
CNR ratio** 3.21

Al: Aluminum. CNR: Contrast to noise ratio. SD: Standard deviation

|[Mean (Intensity o1)—Mean (Intensitysyrrounding)|

2 2
\/SDAI"'SDSurrounding

*CNR =

2

CNRajr

** CNR ratio = CNR
Water
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Table 4. Oversampling ratios (OSR)

Condition OSR R?
Theoretical 25.7 -
Air (actual) 27.2 0.988

Water (actual) 29.8 0.969
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Table 5. ESF shift ranges (yc)

Condition Maximum SD
Air 17.0 5.072*
Water 25.75 11.852*

SD: Standard deviation

* A statistically significant difference based on an F-test (P < 0.05).
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Table 6. Synthesized MTF results

Condition 1.0 LP/mm 2.0 LP/mm
Air 0.59* (SD 0.020) 0.18 (SD 0.015)
Water 0.52* (SD 0.058) 0.15 (SD 0.064)

* A statistically significant difference based on a #-test (P < 0.05).
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Figure 1. The measurement phantom
The aluminum pipe was tilted, and the theoretical inclination ratio was 77:3 (25.7). A spirit
level of polymethyl methacrylate (PMMA) was set on the main pipe. Design of the pedestal (A)

and photographs from a side view (B) and diagonal view (C).
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Figure 2. The water bath
The measurement phantom was submerged in the center of the water bath. The field of view

was centered on the center of the phantom.
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Figure 3. Measuring contrast to noise ratio (CNR) from axial slices
Surrounding and aluminum pipe intensities were acquired from slices in air and water. And

CNRs were calculated using the mean and standard deviation for each condition.
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Figure 4. Schema of the edge spread function (ESF) measurement process

Center of a sagittal section of the aluminum pipe (A). Differentiated image of a (B). The peak
positions are shown as white pixels. The line derived from a regression analysis is shown as a
black striped arrow on the white pixels. The center of the regression line, X, was obtained (C).

The ESF was scanned along the y-axis through x. (D). The center of the ESF, y., was obtained

from the center of the intensity of the ESF, i. (E, black circle).
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Figure 5. Actual ESF measurement process in water for one example

Center of the sagittal section of the aluminum pipe phantom (A). Differentiated image of a (B).
The peak positions are shown as white pixels. The regression analysis was performed, and the
center of the regression line as, x., was obtained. The white circle represents the center of the
regression line (C). The ESF was scanned along y-axis along the center line from x. (D). The

position of the center of the ESF was obtained as y. (E, black circle).
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Figure 6. ESF alignment
Alignment of individual ESFs taken 16 times in air before alignment (A). After alignment in the
air, the ESF was shifted up by 17 pixels (B). The 16 ESFs in water were obtained before

alignment (C). After alignment in water, the ESF was shifted up to 25 pixels (D).
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Figure 7. ESFae, ESFa. (LPF), and LSF
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The arithmetic mean of the 16 ESFs (ESFay.) in air (A). LPF applied to ESFay. in air (B). LSF

acquired by differentiating the filtered ESF .. (C). Arithmetic mean of 16 ESFs in water (D).

LPF applied to ESF.. in water (E). LSF acquired by differentiating the filtered ESFay. (F).
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Figure 8. Sixteen individual MTFs in air and a water bath
The MTFs in air were stable (A). However, the MTFs in the water bath were relatively unstable,

especially those obtained at frequencies higher than 2.0 LP/mm (B).
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Figure 9. Synthesized MTFs in air and water
At frequencies lower than 2.0 LP/mm, the MTF in the water bath was lower than that of in the
air.

MTF: modulation transfer function
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