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Spatial Frequency Analysis by MTF using the Edge method between Dental Cone Beam

CT and Whole Body CT

Shin KOMATSU
Meikai University Graduate School of Dentistry

(Mentor: Prof. Shinji KITO)

High spatial resolution is required for imaging in the fields of dental and oral health for
visualization of the fine structures of the periodontal regions. To date, criteria for
evaluating the quality of imaging performance have been established for computed
tomography (CT) but not for cone-beam CT for dental use (CBCT). In this study, the
resolution characteristics of CBCT (FineCube) and Whole Body CT (Aquilion
Lightning) were investigated using the edge and wire methods in modulation transfer
function (MTF) analysis under various conditions for clinical and physical evaluations
and their associated effects. We obtained the following conclusions from our results.

1. FineCube showed higher MTF than Aquilion in the high frequency ranges of the
MTF curves obtained by the edge and wire methods.

2. CBCT has higher spatial resolution than CT, thereby enabling the imaging of
microstructures. However, CBCT is generally unable to visualize soft tissues, which

suggests that CT has an advantage in the imaging of subjects containing soft tissues.

Key words : CBCT, CT, spatial resolution, MTF, Edge method
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1. # %t
1) X e 2
AEMEH L7 CBCT I, FineCube (B \ttd MEBUERT, HOX, AT
FineCube, Figure 1A) , CT I Aquilion Lightning (F+ /> AT 4 1L
AT I AR 4L, B, LUF Aquilion, Figure 1B) @ 2 Bl A fif f L £

BRaiTo72.

2) HRESAE (Table 1)

(1) FineCube DHti 54

bl

BIE 90kV, HEIH 4mA, HERFH 16.8 B (360 FERIHR) DAEHE
R & — N CHR 217> 72. DFOV /% 81 mm X 75 mm (Wide area mode)
&£ L,0.157 mm X0.157 mm X 0.146 mm DR 7 BV A X TIiotz. A
#FFEIZ V7= FineCube @ DFOV 1%, —#%B9IZ¥ & LT\ 5 CBCT &
[FARIZ IR TTRIHER O R E SRR RN H D V. Lo T, FEC T
BOMICEESTHZ ENRARET, BHEAMEELEEI LTV,

FineCube ® DFOV |X 81 mmX75mm & L < 1% 56 mm X 56 mm @ 7" U



Ty FELTHEHINTWDZDFEN TE . —J T, Aquilion
[TV COETENAHETH Y, Bx 72 SR EI B 2% %R AT HE
2725 TV A, i d Aquilion OEFBEESEEICE gL, K& 72

ERHLINETESNTWATD, FRSETCIRE 2T 7.

(2) Aquilion DSt

Aquilion Tl IR {£IZ A D72 adaptive iterative dose reduction
algorithm (AIDR) Z CEEHAMERZIT> TV 5 9.

BHEME 120kV, BEH 120 mA, RZFH 0.75 F/RIEs THee 2170,
B AR AR, BB R TEIROBIE DT OIZHRK THEA S 28K
FEKS R B4k FCO4 & AR A B9 4% FC30 36 L OVIliEF I B%k FCS52, M
MBA% FC13 @ 4 FifEAMH L7=. A7 A AE1X 0.5 mm & L, DFOV
I% FineCube & D Lt#E %A %8 L T 80 mm X 80 mm % 7= 1% 160 mm X 160
mm DOFFTHREZ1To7-. HNE 7 B LOH A X1E, —i7 0.156 mm

BILO0313mm & L7-.

3) i~ 7> ~ & (Figure 2)

Ty DIEIHEA L CBCT Hav A X v —FT A7 7 b A,



QUARTDVT KP 7 7 > b A& (QUART, Zorneding, Germany, 2L F DVT_KP
7 7 > b A, Figure2A) T %.DVT KP 7 7 > b A, B 160mm, &
S 40 mm O7 7 UV VEFENIZ, JHPHZ 25 CHENT DD S 40
mm DR VI E =L (LIF PVC) HOAHEZNULI-EEL L TW5.

T A IR L7 7 > b A X001-99520-400 (£ U & BAERT, A
#B, Figure 2B, AT VA ¥ 77 bA) TH D, ELS50mm, =S 50 mm,
OT7 7 Y NVBEHFEOFRMNIKE 0.1l mm OX T AT U A YE 3° 2

BOICIES T2 EDH D& fERH L=,

2. ik
1) 772 FALOHE
(1) DVT KP 7 7 > & (Figure 3)
Aquilion DHRF TIX, (TEOKN « HMEFEA =7 7 b LHEE
HEEZHWT, DVT KP 7 7 > h A %i%iE L= (Figure 3A) . 77 v~
N AHEE CT 2EOT > MY HLIS, £2, 727 U VMO R
BiRE T IcAGbE . 2 U T v ST — %SO ARL line
spread function (UL LSF) {E&1{To7 2, o7V &y F 2488

WNEL T2 LTIV LSF 2822 ENA[fEL 70D, 7'



Ty ANEEDTDIZT 7 v R AOFLEIEK 2° BT 2 (Figure
3B) . FineCube DRFEIZIB WL, RigEEHF L LT LA MEEY
bR, BIEMEOBBMELHERT 27200, RBEKEREMNE T 7
N A HEEEE AR L, 2D EIC DVT KP 772 FAERELT

DFOV WNIZKLE L7z (Figure 3C) .

(2 VA4 ¥ 77> k2L (Figure 4)
TAX 77 RADTAYIZT 7 VLAFENTSI Fbnbiibic
B> Td 5728, Aquilion TIXT A V& L —HF —3HHUTK T (Figure
4A) , FineCube TV A ¥ 7 7> N ADEH Z K FIZALiE ST 7=

(Figure 4B) .

3. HEEAEHT
FNENDOHEE S B 15 6472 FineCube 3 X TN Aquilion DB T — 4 %
digital imaging and communications in medicine (LA T DICOM) (ZZ#it%k, Wif%

NT 2 AT o T2, 220 MRREDRML & LT MTF IZ K BT 217> 7=,

1) =y ik
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DICOM 7 — # [ X [E{4fi#HT >/ 7 b Image] (NIH, Bethesda, Maryland, USA)
N2 TEeAIAI, 55 7= DVT KP 7 7 > b Alfg A& 4 5
PVC L 22K 0OEREZEET VL L, TOT v VA ETBOEN region
ofinterest (LA ROD ZE L7-. X (Figure5) O THHE 7= %i0H
S ROI T 5. ROI DK X XX, DFOV 80mm DA, X #ilids L VY #il 5
[[I2 52 B 7 &L & L7=. DFOV 160mm D4, X #ilids L OVY #5112 26
BBk Lz, RIZ, ROl L= v U% X Bl 5 AIZREEY) 5 )5 (A
IZ,DFOV 80mm DOFE1E 52 A, DFOV 160mm DAL 26 KO E X
8.125mm & RHBEHTA kv Y HhEISER LTS S BT
W, edge spread function (LLF ESF) Z K7 (Figure 6A) .

Fio, tA VTV 727 —%B<HRT, K (Figure 6B) @ 2 (B}
DRTHLLTRTLIIE 2 Moy PRIZR > TS, K

(Figure 6B) DOHEZ ROI T 5. Z DMV N= ESF Z %4y L T LSF (228
L 721%, LSF DG AT o 72, X KR LSF D7 T A4 A ME Y
5 e L AR D24 E4Lo> LSF T X $ilFmichs 2 &
IZ72%. ZOFT N LSFIC X v REICY 7Y v ey Fa/hs< L
7o G LSF #4525 Z E M AIRE L 72 2 29,

FineCube (23517 5 BB LB 21T 5 56, #REM LD EEZEZET 50
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2)

7

R d L. BEGILEREE LT T 7 v b AARIRIC— B L 72 iR FE i S A AL
BAATUN, ESF Z K7z (Figure 7) . 15 G417z ESF 2%t LI 4LEE#% LSF
(Figure 8A, B) %>R 7-.
BANIAF BT LSFIIEEIC L D) A REEA TS, 2D AR
ERRETDHTDITHEE O % 0 [T 508 (LLF zeroing) Z1T-72

(Figure 9) . IRIZ LSF & 7 — U =254 U e #& MTF Z &/ L7 9.

U A ik

Aquilion TiE=A V77 =7 —="D%EE L, DFOV80mm & L, U
A¥ 77 MAERE L., = v ik L [AERIC Imagel (2T DICOM 7 —
Z e A TS BRI EHE A 5 E L, point spread function (LA T PSF)
OIMFELIRZAT o2, HBONTZLSF &2 7 — ) =B #H+ 5 Z LI2 K Y MTF

% Lz 610

. A

— U 2T H T2 MTF (2OWT 50%, 10%, 0% ~ b4 7 J&i5a
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MTFE ~D 2%, 80 mm X 80 mm & 160 mm X 160 mm (2% L C, ZH-EHEK

HHLAR A BE%L FCo4, REESHBEI%L FC13, mlkHEAE A B4 FC30, Jiti% AEI% FC52

AL, [Fl—7 4 /L& —|Zk9 5 DFOV D2 % ffhT Li-.

13



R

1. DVT KP 7 7 > b AT K 5 22455 iR RE AT At
1) FineCube

PVC Of¥i— > Va2 R L2 B (Figure 10A) Z~9. 772 b A
KD PVC OWNEBIZAE)—IZ78 > TWAH D, EORFEFADZER & OB FEH
AIREZREf4 A 45 7=, ESF #hi#R (Figure 11) 725, = v JERIC—Ed 5 HH{L
[ZA—R—=va— 2RO, 77 FAERAAE Y b= D ORE
X < 72> T /2. LSF #ifR (Figure 12) (23T, Aquilion ¢ LSF R
DOPEE LV L o T,

MTF Hi# (Figure 13) 75, Aquilion D HifR & Feile U, &)@ i iEnkic
BWTRE S MTF OV Z7R LTz, £, 4RO IR CIIAVEmL
EEZONDHRERO 72, ESF #ifRICIMELIEZ 1T\, MTF #hig%
R L 72, AMEALERRTR X OWMEALELE. o LSF #hift (Figure 14A) B L O
MTF #i#% (Figure 14B) % ~7.LSF iR (Figure 14A) (28T, SMEL
HATOMBRIIBEFICT v 4 —v o — FERO . UA YiEOhRITIME
WLBRRTR L OO AR L D HEEFIC ) A XKD IREIZZ RO -,

MTF Hi#¢ (Figure 14B) T, 1.13 cycles/mm Fijf% TV A ik & i EALER %
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2)

DTy YLD MTF #ifIEAE U, IRER I ClT v 1 Yik L v 57
MTF (3= VHEL YD b @7, —75, @ AR I3l e AR A 17
ol y ELVHEA SN MTFIZVA YIEL D bEWERE R T,
FIIEAE 21T 72 o 7o = » DIENGEHR Sv7e MTF 1%, 50%MTF 1.05

cycles/mm, 10%MTF 2.30 cycles/mm % 75x L7= (Table2) .

Aquilion

PVC D= V& & ATCEE (Figure 10B-1) Z/~d. Ef% (Figure
10B-E) (%, DFOV 80 mm X 80 mm 33 X ONHjf% (Figure 10F-1) (% DFOV 160
mm X 160 mm CTH#F %17 - 72. DFOV OEE ~D 2L, DFOV % K& <
THZLETRBROERTIZ 1 B BB OFE L mSIIREL 2D,
WiZ DFOV /NS T5Z L TE I BAY A RT/NEL oz, AR
FHES% FC30 (2 X B itg (Figure 10D, H) 3 X OVifi%y F A4k FC52 12 Xk %
Hif% (Figure 10E,1) £V, 77 > F DMEDHMRIN B T » DE DI AT
TIEE DSR2 B AICFRD -, ESF #hff (Figure 11) 75, A% R
5 FC30 35 L OVfiEs FHBA%k FC52 1%, — » DR 2358 <, FineCube X
D bR S LT 2L LSF iR (Figure 12) i, sHLAR I BI% FCo4 L JiE

EH B FC13 O iR OWREFIZEIH Th 528, BT EI% FC30 B L O
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Jiti 87 FH B4k FC52 @ Tl T v X —3 2 — AR LT,

Aquilion ® DFOV & BRI D MTF ~D 5854 ii#  (Figure 13) 1C
7574, DFOV 80 mm X 80 mm & 160 mm X 160 mm (2% L C, & Z UG
W HBAEL FCo4, MEEHIRA% FC13 21 L7272, RE LB ZFR O
S7=. L L, Z® Aquilion (23T IRAEALHR B FC30, fifi% FHEI%L
FC52 O & [FIRFIZ DFOV &3/ ME L 72554, 50%MTF (207 727 L 5-

SR LT,

FineCube & [F] U K& & DFOV 80 mm X 80 mm 33 J O [ A% kB %%
i L7z MTF O Tl b @V MEZ R Lz ol ififs HBA% FC52 %
WA Th o Tz, EOWRESEMTIL 50%MTF 0.86 cycles/mm, 10%MTF

1.08 cycles/mm T& > 7= (Table2) .

TA Y7 7> b KD ZEM Sy fREERT AT
1) FineCube
IAX 77 hAEHRE L, VAV (Figure 15A) Z1%7-. Z DD
LSF #hi#t (Figure 16) 3 X O MTF #ifg (Figure 17) Z/19. = v VEND
5T RES & [FEEIZ, FineCube @ LSF AR O EIRIL, bV LA

RENTZ. E Tz, MTF i b RIERIC, (RS0 & & R e 2 7~ T
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2)

727250 MTF EDOTRD %75 L7z (Figure 17) . U A YLD 50 %MTF &
1.04 cycles/mm, 10%MTF 1% 2.31 cycles/mm & T P & [RIFLE O % =

L7-. (Table2) .

Aquilion

ZHNZED DFOV & AR B &L 0 #RiE S 7% (Figure 15B-
E) %757, Figure 15D, E\ZBWTC, VA YIZ—ET DL EZ LN D41,
Figure 15B,C XV HEm W b T A F&2oR Lz, B RSN
LSF #i#f (Figure 16) 35 X OV MTF Bi#f (Figure 17) %7~ . zeroing ZLER
AT T A ¥{%0 LSF #ifR (Figure 18) TR OPRICIEE 2 £ < §RD 7=,
fEKEL A T B4 FC30 J6 L OVl P I B9%% FC52 @ LSF #h#R D T T v &
—2— hERDT7 (Figure 16) . 7 A YLD MTF #hiRiz= v Pk
B ETRITITELL T3, 2ERIICOC@mW MTF 277 L7c (Figure
17) .

Aquilion DRSO Tl H MTF O & W RESAEIE, DFOV 80 mm
X 80 mm, Ali#FFHBIS FC52 Tho7o. £ DREO M TIX, 50%MTF 0.89
cycles/mm, 10%MTF 1.11 cycles/mm & = v EL D HEVMEEZ R LT

(Table 2) .
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Aquilion 7> 545 53072 MTF 73 0% & 72 2 BRSO FHIfEI, — v Pk
BLOUAPECTBWTS 1.3 cyclessmm TH VO, T OZE E R ECE T

(IR LTz,
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1. 772 FAIZHONWT

CT (CBCT X ZHUTHET D) 21T 5 MTF JfIE T IEC HK B W TaR
M7 72 FAEHIEL T D, —J A TEBK (DIN) TIXER 160 mm
DT 7 INT 7 AT, NEEO PVC & EBXROERZ7HMET 2 Z &i2725
TnWg 2,

AAFFETHEM L7z DVT_KP 7 7 » b Al%, CBCT, 7> # /LR U =—2A b
777 4— (DVT) BLW 3D A A —Y v VIO EHH T quality
assurance/quality control (LLF QA/QC) IZfEiH4 % = & 2 BMIC&E & h
TW5., FIRFIZ CTIZH XIS ATHEZR 720 QA/QC IZHE L TV H EEZX BN,
28583 L OGRS & L < polymethyl methacrylate (UL F PMMA) |, ‘&
i & LT PVC MMEH ST D T2 DIERDOIEE DO B OX S TH H T A
Y77y ALV EHEEHNIALS oo TWD ., BEFHMEE LTIE, VAT
B BRIRT 52 e R THD (Table 3) . LavL, ¥4, CT TOMEERT
L, WIS 2 BB AE A BB L PVC, PMMA D7 7 & kA0
fEH STV D 819, KFSEIC OV T CBCT OB/ G il Tdh D & 5

Z DVT_KP 77 v bAaZfEH L. FEFICU A Y7 72 b L& O HEEEAf
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{To77.

. ZER] oy ERE T E 1

Ty VL UA YEDO MTFE (Figure 17) 1T L 912, = v PEIINERD
BRI ELE ST T A VIEIZEE L7z #2727 LT Y, [F% FineCube % i -
TR 2R BV B & B A TS ATIR SR W E RRRDORER B b, F iz,
FineCube @ DFOV81 mm X 75 mm ({4 A X 512X 512 pixel) 22 HEtH I
7= A 2 MEBEEIZITV 3.07 cyclesmm & 4372, WEROHETIE, VA
B2, VA7 D, AXU ALY D, B TRATF T4 B 2570 1R
WU A X 19728 ZOMEITHA 2L ORHANLILTW . (Table 3) . 7 A
YIEICBT 5 U A YE - MEOERIL, MTF ICEEMICEE L2 525 1D, K
MR TIIAFHERL X RBERMEEZZE L Z AT U A Y2 @R LT

U A VIEZEBONTELZ 01 mm OU A ¥ &2 HW5GE, 2.8 cycles/mm % Tl
FIEZ2 LICHIERTRE 'V Th D23, KFEBRICH W= CBCT @ MTF (% 2.8
cycles/mm % #8 2 T 572 CBCT DZERISAREE % FTAM 3 2 BRI I IAfH 1E 23 %
TTHD. TAFIECTBWT CBCT ZMiER LICRHET 572®121% 0.1 mm
O HHNT A P RRETH LN, LEMICHETE 28BROBERITIIR

RN, w471 CT HEDSRRENEIZIB T 14 um <° 18 pm O B
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SRUVAYEHANTERE DS HOINTA TOAFIIRETHY, ma AT
b5, FTo, EEMH CT THIBMY A Y Z2HWGE, X BiERtkz &g 5
&1y 7 B MEDE B AL,

ARIEFROEBIHRIEL 100 um TH Y, —#&A72 CBCT LV b EWVEEBE A
H3 % Aquilion TiZt'—72 CT ENMELS oo/t Bx bz, fEE, =Y
{ED LSE LI Ny 7 7T 0 RIZ ) A AD 8B ERD, 1 FOHiE
MHFBD MTF TIEIARZEIL R~ 72 (Figure 18) . SRR ORITHINE D
NEBETHLN, MZETNRar FTXAMRELNRT /A XL HE
BTN EMEE/NSLSTHZLIIRETHD. =y DIETIE
KFEEE S o7z, 010 X MAERREEREZ AR CEIX RV, EEOFE
1%, =y DIEOHERN DB R RGN o> THh B L Z T neE Snd
. ZhiE MTF HIEDHBNEA MR T H72DIC b BERBERTH D, £1o,
U A Ykl =y DO MTF #ifg (Figure 17) TIiX, VA VIENEVEZ R L
TWD. ZHULXLSF O/ A XZEKRTH L EX BN D. LSF OFEEFITK LT
zeroing % % MR ECHEMICHEE L TV AR, T4 YIENSELNTE
LSF OHEEHT ) A RO LV EY RS A RET L2 ERRETH 7.
— 5T, Ty UENBELTE LSF OFED ) A XIbiehote, =mv 7

7Y RLAMND TR b T A NPEONTRER, S A XD H T X
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ebDeFEZ NS, £, CT &H#E LT CBCT 13/ A XR3ZW. UA Yik
Kby VBT A RN, =y VEERANDS I ETEELT
CBCT DZE[E 7 iFRE DR 2N AT HE & & 2 H LTz,

A% OHEE DR S fRBED ) EIZFE 0.1 mm LUF 04 @Al 2 L7z
U A YIETIXEMRIEE ORI A NI D L Z 2 6N 5. KRGz~
¥ N LD Z IEFEIZATICRE T 20 ER H H 0, T v DIEITEE D%

A MERE D IR BB S VISR T REZR 72, ZOHENRETH L &5

AHN5.
. ZERITIRREICH B L B X DN T
EE A OZER MEE, BV A X, RH&GOMERICEIKFEL TS

BB HAER T V) XA, REBICEEARERRTA—Z—ThHD
DFOV CHARRRE, 7—F 7 77 b (BER{L) 78 EHEx 7R RIR S E M

BIfR LTS, CT & CBCT D243 fREEA L FOEEICOWTEEREZIMNZS.

1) DFOV 35 X OV ik BE %
Aquilion DR FMEOM AT DOE N ZEM D MEICH 2 D E %,

FineCube D 5:{: & il LAWY 22 RE& fRAT L 7=, = v D7k D MTF Hlif
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(Figure 13) (27”79 & 5 (ZHHLAR A BIE FCO4 <Pl E8 FH B4 FC13 Ji H iy
IZ DFOV 2ZE R LIZGE, 77 713F & A EER - TE Y 20 #REIC
REBRENIRNZ Lo T, WAERR A BT FC30 6 & OViliEF A B4k
FC52 Z#M L, £ 2 DFOV80 mm X80 mm & DFOVI160 mm X 160
mm D77 7 7 W TlE MTF @ B — 27 fE T 0.2 cycles/mm D 7% RO 7=,
DFOV160 mm X 160 mm & ¥ % DFOV80 mm X 80 mm D44 MTF f®
HTOEFANED BT (Table 2) . /72 DFOV (230N T 50%MTF 73
ERLTOWDERIE, A7 AV A XIS L 720 2 fRiED [ EIZ
DIRWBoTzledEEZZ b, LI -> T, 2RI MTF @ _EH 257
SIS, WG BE% FCo4, IEERHIRE%L FC13 TREICRE® b -E
Rz T2 MC—8d 2 22 E M BEEBEN TO MTFED EH-TH Y,
DFEIR A 2D 25 A BT 3 D MTF B3 28 ki e o Tz, D
F0, WA AR FC30, M HIRE% FC52 Z M4 5 2 & i3l z 8
AL, BIBRICT 5 2 LIXTE 203, B2 8 sz f8l - i cE 2
WZ EARENT.
TRk FH BE 4% FC30 <0 fifi®y F B %% FC52 %3 L7~ Wi (Figure 10D, E,
H, D & 77 FAEOIG%FESD A< @ S TH D, MTF dh#R DR

ERTRINC LTz, VA VIEOHEE (Figure 15) TIElixisEam 72
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2)

ENTWDHZ EEMRREMICRZD Z EIXTERV, =y PIEOHEE

(Figure 10) TIIHRFE IR CHAEREIESS DFOV IZ X 5 BE~D R E %
9% Z LN ATRETH - 72. Aquilion TR L 7-Eif% (Figure 10B-I) T
X, =y U7 7 v P ABRRIC—ET DT T TV DD, @ MTF %
£5-2 FineCube (2 &V figsg SN TIXIT-E D &Ny 7 7T N Ll
BOBER AR H Z LN TE 2. DFOV 28 80mm DA, 4 F A ~E
B 3.2cycles'mm £ TH 7Y T R[BETH L 05, FEEFEA DZERH 5 i
HEIL, Aquilion &£ ¥ & FineCube DA XD/ S 28, FineCube D %2
B RRE D ISR ol E 2 b 5.

Ty Dk T2 22 3 fRRE O RTATIE R T, HHERBIECS DFOV @
723 FRRE~ D B R B HER LoD, 4 & FRFZ MTF O i)
5 IETE DO ZE R fRAE R 2 PR FTRE T H 5.

B AR T L 2 ) K

MTF % 359 2 BRI IS E OB A RTR S L LTV 503, Bk
PHEIZFE S W T G ARG I IERRIE & 72 B 1o, Gk, Z2R 53 fRREREAM 12
b T\ U A YiEZwH LB 2175 2 L IXRETH 5. FE
FOIZERIZIBNT, mar b7 A M K= BT A M40 MTF 1

B2 Y AEMEH L7 DVITKP 77> hADOT vy VEO CT fEIX
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Aquilion ®7 —# X ¥ #J 1,200 Hounsfield Unit (HU) THY, mar b7
A MR TH -T2, L1235 T, Aquilion DIEFBEE S FHAE SN
MTF (%, &= b7 A2 MEEUCER > 72 MTF &0 2 5. 3R D FineCube T
(IR 2 WORLAR AT 121 T 2 72\ 72D, Aquilion & DK = kT &2 REIKD
FIFAT 2 720, RFEBRTIZEm 2> b7 A MEKCTO MTF EIZERE L7z
R E72oT.

A1, CBCT IZRB W TIERER R 7 B A ED F 3 & OGRS ek oo 1) 2
MMARE L 72> 7eE, CT & CBCT L O TIK= I A N7 7 U M A%k
> 7= 22 3 RREDFEM A TN D EE 2 Hivd. AR TIXEMRO T
v PERFHEIHER LD, MR 7> b AOMED D ESF & FHHE T
LDFERHD. TOMENG ESF Z5tHE T 5100E, FHOT v 7T L3
VBELRDN, EMROT Y PRHITERFE Y 7 X ZHE TEITHRE
HIFEEICEI R AR TH S, K=z N 7 2 MOIERBEBRICK L TH B
Ty R ARFERCTH Ty VIRIFHELLAHESRTEY 2, K=
VIR NDOEMRT Yy VT 7 NAEFHTSHZET, 4% CBCT &

CT O¥GHMRIEIR D LN A[RETH D L E 2 bz,

3) MEREAL LS
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FineCube TIX7 7 ¥ M ARKIZ—ET 5 &F X DN DHIREIKIZA 7 &
JE DD %788 7= (Figure 11) . —7 T, Aquilion TIiEA 7 /B
RO ot BBROA— = o — M, BEEBS D L IT7E
BT X D ENE 2 b, RWBEIRE Z R T B O, #
VIARTUDE I REWVREREREZFFOLOTOImm EEOHIDOT A Y
#1EY PSF % RDO7I25GE, MEMIIMEE 2b2nl and 2. Lo
T, A [ ® FineCube DERFEIEITIE, FRIHPIEDEH SN TWVRWNZ &3
Syinoite. LI - T, ESF (Figure 11) DA — 38— = — M IBVE L IZ
BT 2 &2 b0 —,CT CIHEMLHE 2072, &
< T2 L, XBMOTRNF =035 R0 BEEA D72 72D Ll
TV 5 2, Aquilion I X FineCube £ ¥ & L@\ 2, FREELOR
NI LN - T2 BEZ B2 Elke 5303~ A 270 CT LBy Y
77 v b AEMEH UBEBERIC X D220 REE~ DR B A P L TR R,
MEMALHIE 21T DR WA MTF X ES-3 523, #iE%1T 2 %6 MTF
TR TT 5 L @mE LTS, —RANCHRE L O ELE, i ELPE 4
FIA AT RS BIEUC X o> Tt D, LovL, AlEfEfH L7 FineCube
TP R AT O MERIE A FE BT 220, LEN- T, BlREBICED

ATz BSF Ik L THMFALBE 24T o Tz,
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ESF |24 L COMFLER 24TV, ZDhFHE L= MTF #if3 (Figure 14B)
XV, SMEREITIE 50%MTF 1.07 cycles/mm, 10%MTF 2.35 cycles/mm, #Mt%
I% 50%MTF 1.05 cycles/mm, 10%MTF 2.31 cycles/mm & 7¢ 5 7=. A [al45% 54
729N 0O MTF fEIZSMERTO MTF X Y, 50%MTF, 10%MTF (23T
2% DI &GRSO T, IMFLER A AT 725G, MTF X E5-7 2 m 2 R
L7e. SMELEE 24T > 7= g & PR 21T > TW Wi O Z 2 ok
AT L TV D2, SMELER A 1T o T #2374 PIRIZERIL TV 5
fER & 72572 MTF #i#f (Figure 14B) (28T, 1.13 cycles/mm {11 CT=
v IO MTF iR & AEAEEE O U A YIEO BN RZEL TV D, 1.13
cycles/mm & 0 & (KU E AR ClE, SMELERS O ESF 205 FHR Sz
LSF #iROMIEIE Y SlicB L CIERIFRE 72 0, IERER B E LT LB
Z2biDd. Lo T 113 cycles/mm Z 55 (ZAKE R i CIRIE LB Aoy D F
ALY MTEFIHME T L72EB 2 61D, £72, 1.13 cycles/mm £V & &0
JENE BRI TIL D A Y i1ED MTF HifR 23 = » DIEOIIFR L 0 HIR< 72> T
W5, UAY{ED LSF MR EOWEITz v EOHRHE D &/ 4 X2 &
STIEF L TWDHED MTEIZIE T L E 2 B
SMELEE AT 5 Z & THRYEME LD MTF (239 5 82 2 485 C & 2 Al REME:

MR ST, =y DIEE M U 72 22 oy fgne sl 1%, sREE kI Ko
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T MTF Z i KEHi 9 2 AlREtEDN o D 7O ERE T 2 0E N H D Z L 030 h
o7z 2L, REBRTHE DN ESF ~OIMELEEO RS XM L 2
ERVIZ 2 E TIZIT e, fELAEZ TR WAL, SRR B
A STz XL 5 72 BSF #ift & 720, MTF %3 KEHI 3 2 ATREE 5 2
DIV T OIMELIE AT o 7. BVERI{EBLG 34 U7e ESF IZxd 24
TEDZ M PERETENEIC DWW TIEARERR D & OFE RO B Tld+45 725 23

TERWZOASHBOMBEE Lz,
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i EHEIk CfE 44TV D FineCube & 25 CT Td 5 Aquilion D ZE[E 53 fRGE
DFHI 21TV, LT Ofs R EFF72.
1. FineCube D K 9 72w 2E M fae 2 A4 D4 E 1Tk L Tx v PIEIZ K 5 22H
JEBIRNTIE, VA YIELRREOHERNEOND Z ERH LN ST,
2. ToEITTAIELEL A AOEE N L BE L CRHMENTTZ D
ZENinoT.

3. A CBCT 2B\ TG DB N ATRE & 72 o 72454, CT & CBCT DOLb#k
WL, K3 AR 77 PAIZL D=y VIETOFMINFIEETH L &5
z b,

4, 5%, CBCTIZBWTHKFRE T A —FZ —DHEMIREENAREL I o T2 A, —

o

y VHEDOEBR L1557 MTF O G, 2E1E D22 /] 7 fRRERF M 2 BRAF 7]
BRThDHI ENRBE.

5. = v VEIZ KD CBCT DRl TIIFAVEMLIZIEE T 248N H Y, SR
ZATH T L TEDORBEEHTE 52 LIRS L.

6. =)E A BE LI B4 T FineCube I3 IR i CTHEAERL 21T 9 Aquilion X 0 & @&

MTF Z/R L, @WZEMOiEZ2 B2 2 E NI LN - 7.
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Table 1 Scan parameters for FineCube and Aquilion.

Table 2 Measured 50%MTEF, 10%MTF and 0% MTF values
(in the unit of cycles/mm) for FineCube and Aquilion for various

reconstruction filters and different DFOVs.

Table 3 Wire method used in previous studies.

Figure 1 =~ CBCT and CT device. A: CBCT (FineCube) B:CT
(Aquilion)

Figure 2 The phantoms used to calculate MTF. A: DVT_KP

phantom B: wire phantom

Figure 3 DVT _KP phantom position in Aquilion and

FineCube. A: Position the DVT KP phantom into the CT gantry.

B: The original metal jig with the DVT KP phantom rotated 2° in

the Aquilion. C: Position the DVT KP phantom in FineCube.

Figure 4 Wire phantom position in Aquilion and FineCube.

A: Position the wire phantom horizontally into alignment with the

laser lights. B: Position the bottom of the wire phantom

horizontally to the ground floor.
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Figure 5 The selected ROI image of the DVT_KP phantom.
Figure 6 A: A Schematic of ESF curve. B: An example of the
slanted edge image.

Figure 7 Extrapolate in the ESF to reduce cupping artifacts
caused by beam hardening.

Figure 8 LSF obtained by the Edge method with the ROI sizes
of 52x52 pixels(A) and 26x26 pixels(B).

Figure 9 Example of the zeroing process to forces the LSF
tails to zero values.

Figure 10  Images of DVT KP phantom at the right edge to
calculate MTF in FineCube (A) and Aquilion (B-I) for
various reconstruction filters and DFOVs.

Figure 11  ESF curves for some different filters and DFOVs in
FineCube and Aquilion.

Figure 12 LSF curves obtained from differentiating the ESF for
some different filters and DFOVs in FineCube and Aquilion.
Figure 13 MTF curves with the edge method in FineCube and

Aquilion.
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Figure 14  Comparison of the LSF curves (A) and MTF

curves (B) calculated from the ESF before and after

extrapolation and from the PSF with the wire method.

Figure 15  Images of the wire phantom acquired with FineCube
(A) and Aquilion (B-E) .

Figure 16  LSF curves obtained from wire phantom.

Figure 17  Comparison of the MTF curves calculated from the

edge method and wire method for some different filters and

DFOVs.

Figure 18  LSF curves in the Aquilion (soft kernel FC04,

DFOV 80 mm) before the zeroing process.
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Table 2

FineCube Aquilion
Tube voltage (kV) 90 120
Tube current (mA) 4 120
Focal spot size (mm) 0.2x0.2 1.1x1.3
Exposure time  (sec/rotation) 16.8 0.75
Slice Thickness (mm) 0.146 0.5
Scan mode Wide area mode Helical




Table 2

phantom  scanner DFOV Filter 50%MTF 10%MTF 0%MTF
(cycles/mm) (cycles/mm) (cycles/mm)
DVT KP FineCube 81 mmx75 mm - 1.05 2.30 3.07
phantom  Aquilion 80 mmx*80 mm FCO04 0.39 0.73 1.16
FC13 0.33 0.74 1.17
FC30 0.75 1.02 1.41
FC52 0.86 1.08 1.51
160 mmx160 mm FC04 0.37 0.71 1.08
FC13 0.33 0.71 1.20
FC30 0.73 0.97 1.40
FC52 0.86 1.06 1.42
Wire FineCube 81 mmx75 mm - 1.04 2.31 3.07
phantom  Aquilion 80 mmx*80 mm FC04 0.41 0.75 1.28
FC13 0.34 0.73 1.25
FC30 0.79 1.04 1.37
FC52 0.89 1.11 1.56




Table 3

Year Author Material Diameter CBCT CT
0.1 mm Somatom Volume Zoom
2008 Ichikawa et al.!! Copper
0.15 mm
0.2 mm
2010 Yoshida et al.!? Stannum 0.1 mm CB MercuRay 9 Aquilion TSX-101A
2010  Watanabe et al.'3 Tungsten 0.1 mm 3D Accuitomo
FineCube v.12
2013 Ozaki et al.!* Tungsten 0.1 mm
3DX FPDS
2013  Kayugawa et al."” Copper 0.18 mm Asteion4
2015 Choi et al.'®  Stainless steel 0.25 mm Alphard Vega
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