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f LA LA ARV CT (IZ8% ray-summation B4 0D EE LR A I —Digital radiography
LD —

A SCHE LA AL - Image quality and clinical usefulness of ray-summation image reconstructed
from CT data, compared with digital radiography

AR EE 1) 3), HI BEEL2), EA K 3)

1) &RKRFEREGEZRITEPHRE LTI 2) GIRRFERRETIERE TSR 3) A
SRS IR B SR B R

MXEE: CTICCTHEZAR) 2—A7 —X%F L THEZEIND raysum Bif41E, DR SHELIL 7218
BCHY, DR ODRHEL TS FTREMEA B L TV,

ZOWFFETIE, raysum [Eif§E DR HE{EIZF0 T, SDNR (ZID W EE A 0 R S A & i bR hes F %
FHIEL72. CT 1Z31F7% SDNR FHHITIE, AL 7AFHHEKT 7 Raz W, 70 keV O
Fh TR —E M E LTS raysum BEZHEEEL 72, —J7, DR IZEW T, ML HA FPD f#
AL, FRO7 7 FAOBEBINELIToT-. ZOBE, #EfEEEL T, DR (& ESD, CT 1%
CTDl,y %A —fEEL7=. SDNR fElX NNPS, MTF *L C#UE Al Do v AMEDBHE L
7o BIZREEBRTIX, 5 4 OBIEFIC 9 MOKT —4 (IF— B8 OIS, B, 18, HE)
ZelBte L, DR B IO raysum Hif% 2 BARD LCD IZENENER RS, HIGHmL7Z.
raysum [0 MTF X DR JODEBHONEL, [Fl— O EFEEEIZE1T25 SDNR fED g T
I%, DR DMEZEMEIE IR W TR T 2 FREEEN QW BIEEERTIL, 502 Tl
B EMENDP ZIZ DR Kb o7 ZHHDOFE R, DR IZKL72 raysum O FgEEF 2B
T AR RENT.

# 3L Summary: Ray-summation (raysum) images reconstructed from computer tomography (CT)
volume data resemble digital radiography (DR) images, and therefore they have a potential to be
used instead of DR images.

The aim of this study was to compare the physical image quality evaluated by signal-difference-to-
noise ratio (SDNR) and clinical usefulness, between raysum and DR images. We employed an oval
water phantom simulating adult abdomen for image quality measurement. Raysum images are
reconstructed from CT volume data using an assumed x-ray quality of 70 keV. DR images were
obtained using an indirect-type flat panel detector system. The normalized noise power spectra
(NNPS) for various same dose indices (DR: entrance surface dose, CT: CT dose index volume)
were measured from raysum and DR images. SDNRs were calculated from results of the NNPSs,
modulation transfer function (MTF), and cartilage material contrast. Five experienced observers
visually compared each pair of a clinical raysum image and a DR image for nine clinical cases
(head, finger, pelvis, and foot). MTF of raysum was significantly lower than that of DR. SDNRs
of DR were superior to those of raysum for each dose index, by an average factor of 1.24. For head
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and pelvis images, raysum images were comparable or a little superior compared with the DR
images, because the radiation doses of raysum was much higher than those of DR. For finger and
foot cases, the raysum images were inferior to DR images due to its lower resolution. Our results

indicated a limited clinical usefulness of raysum compared with DR.

Key Words: computed tomography (CT), ray-summation (raysum), modulation transfer function

(MTF), normalized noise-power spectrum (NNPS), signal-difference-to-noise ratio (SDNR)
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Multi-detector computed tomography (MDCT)23 7253 Eka Ml D EAG 22 =Rt T — &1,
PR FEASBHSNTHY, + CTICHEE WM BN ] RN E ST EL TR S TG .
ZLTC, WELRBHANRIIIES, Hiedml T —2IE 2025k Vel fha el s
S TW5D. MDCT & EEH I LA BT TV D =R TC BB LR Y — 7 27— g (three
dimensional-workstation: 3D-WS)(Z-D\ T, computed tomography (CT)EEBIER L 72 =k
7t CT Mi{£=<°> multi-planar reconstruction [T A ICHE BEAREE] VA, T4 ITE BB IR AR
WiieE %127 7 ) —va bFES TS, 20 3D-WS (RSB DB D T,
HIBANLFEHE S AL TS ray-summation (raysum)LEE |, digital radiography (DR)EFEEIL 7=
HHGA R 50, TOWER DR O O®RE372<, FAAME I3 250X ED T2
AN

DR /%, MR AR 5 X SR ICE -T2 B AR T 5. Z2°C, H— ¥ —0D X fi
ZEL THEGARIZAST 2 X RO X #RIREZ [y, SR REE u, BEHRDOESE x &
L7l BHHIL72—K XMRORE [Tk TR,

]=Ioe'”x < e (])

AT TEOIT X MRS EE ICRIE R B T — 21T raw 7 — X EMEIEL, sHEZ8 4, look up
table (LUT)ALER, &L CEIEEEECL A F I 7L P EMiTRE O DR R OMLEE N2 5L
TEERIZHWSNS DR Bifgi/es V. 2L T, RICEKE X BN ER TS, SHEBE#HREG O
DR 31T D5 HER 3 LB DEE 72D, DR OZNENDE T BAALEIZBITS
BB E ORI R OREREE D LB REfR 72D,

—J7, CT \ZLo THME SN2 BE OB FEE (Hounsfield units: HU)IE, K& FEAELL 78
BRI LB L T L TEF SN, IRATREIND.

sz(,ut—,uw)/,uw RN )

ZIT, u I GARORIEEIIIREL, 10, (TR OBIEEFFREL, k 1T—H%HIIZ 1000 THS. raysum AL

PRI, CT I2k-> THRERRES N axial [Eif44 HU A7 —/LOEEHHMIZ 1 Ha~E E- 137

BB AA T S T- AV TH AT, ZOHEEOY 72 NAHITZF DO 7 BT BB AR -
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DORIEIFREL DTN A5

Lo T DR @ raw 7 — &R 1L, EERAIZIE raysum B & R AREELL
THIENARETH DD, FEIT CT & DR TIHAWHRE N R DL, CT CITHGL X Mo
Hh7e LT CT HA IEREITR O H LIRASIITEHY, TIUTK LT DR TIHHEL X #A T
HOREEZENDZE, AT, DR I HMEMZ TN T, BERICIEREea M ANENE
NEBHT DA T E DILBRZATHTZ LD, RHEZE % D DR HEif4 L raysum @@@3/}*71
MEI—EL2\, 2078, FERSME TIZT raysum W& DR B O IR AEITH 72021,
DR @ raw 7 —4% VD727 T, B2 2 LRDBMETHD.

AAFZETIE, raysum [Eif§% DR O raw 7 —& &b B RTREZ2 IO LT HREL X M50 B ) 2 ~ZE Ha -
DAVERZATVN, FRB R, /A X, KO N ANEF B LT E & EE A THD
signal-difference-to-noise ratio (SDNR)?IZJ& Y DR #ifg & bl U=, £7=, BERGES| 2OV T,
raysum {5 O WS SGEALVPEA L7 = C, DR B LG, raysum ALBED A FHIMEZFRETLT-.

1. 5k
1-1 I-raysum {4

MDCT % & (ZFf g 32 B g AL ERFEREC 3D-WS @ raysum FE{EALELX, 72 A DD IERRIE
PRI S AL TV D RTEEME RS S 7- 9 fl 37, MATLAB STUDENT VERSION R2011a
(MathWorks)% FHV T raysum E[{EZ{ERkL7=. DR OWEE AL TIE, —MiZ X SRR I FIL
7= raw 7 —ZDHNDILS. £ZT, raysum EHROEE % DR LT H7201Z, T HIETIHR
U B 7= raysum Ei{8 % raw 7 —Z EFA LT UL X B98I 5 (CE BT D013 H D, ZD
728, raysum E{ROE7E/E R % (2)2 D BIfRE O CTHAIBEI TR D& R _E D INFAE 4
(AL Tz,

A= (uRIk+p,) - -3

FIZ(DRDORERE HVWT, raysum 1ERKRFO R HRIOE 7Y A X% d LU TIREUTEY
FEXISREEME (relative intensity: 1)&9 DT & THHELAIZoAE TR EEfEE{R (T-raysum Hif5) (225 #2
L.

-Ad
]:]OeA s o (4)

7235, B)NUITELEL THW DK DORIEEI LRI AR E T H720121%, MDCT 2EEDOHRE 2 E
WDHVENHDLD, 77 FANORE 211D RIS éﬂ“(b\fﬁb\ FZTCARMZETIX, 77V
NVORIFIFREL D = RN — K AFEEFIHL T, K77 FANOT 7Y vay RO CT fENH™
K= 5 FELZ AV, IE I WD AR T 7R (i) NIZEEE 50

mm D7 7Yy Rz EL T, BEFHMEHIHWSEEETHS 120kV (2T CT g a2 T\, 7
ZUVERSY D CT % ZHAL7=. National Institute of Standards and Technology” 7 —#~_—=2
(ZiE, TZUTB T DR — RIS RE O BRAVREN TV ADOTINAFIAL T, CT
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IV FNF— TR LT, ZOFEE, 70 keV E7go722 80, KOBIEFIFHARENE 0.1923 L
T2 728, MYEITEEMTHY, ZOBRHEOR EIXFENH L2 L TOREETHD.

1-2 A
1-2-1 77 b

Figure 1 &% O} Figure 2 [ THEMAET 7o b (BEF Edil: 320 mm, #5458 180 mm, &
&: 200 mm, 7ZUVEERL: 9.0 mm)&{E LTz, 2077 AR AMEE AL 7R THY,
PEEHAIO720 2 P S P (160 mmX 180 mm)&7L, Ai# A1 (R R 7 111) |
L7 & X E AR ER D MG 65, 77 PANEBIZK Ti7ZL, 2 M ANEHIZES 10
mm “C 40 mm X 40 mm OECE AT SZ-160 (AR ) FHED O RD ST 7 70
AL EICEE LT, 7238, B S M 2N L 7- B S, e DAL D oy & LT R
HOE (2208072, Bk OBLREFFAIC 35\ T, BHIS, B0, 2L CIMA R L TR 3%
BRI, SV RTAREL TR LWL 720 Th %,

Fig. 1
Fig. 2

1-2-2 {lE DL

CT #4&ELL T, data acquisition system % 64 5I[3&fii L 7= MDCT #4i&, Aquilion CX (R A7
AN AT DAYVEAE R LTz, £l2 DR AEEITIE, MH#Z2HUY flat-panel detector (FPD) TdHD
Pixium-4600 (Trixell)Z %45 RADREX-i (B2 AT 4 1L AT LAY EAF I LTZ.

BT 7 B AD T-raysum B & Y DR B IZF60T 5 - KE o 2 sl saise L, /A X
¥¢MECTdH D normalized noise-power spectrum (NNPS)ZHIEL7-. 2 M7 ANAIEEL T, X #i5R
FEWZU =T 72K % A 9% DR EIfR K OF [-raysum BEG (#2380 T, $RE S5 55 M UK
ERATZ B D EIR AR E L, T AT H B signalirger, signalpackgroumna 2 PNEL, IRRIZEZVAL TR
FCEREMHLEL.

signal, . —signal

target background

signa lbackground

M R M O FEIE CTd % modulation transfer function (MTF)% CT (2B W TIIVAVP 77 bA K
WA T 4 AT 7 NEEHHLC, DR ClIZ VT AT oy VRN E T HZETHIEL
Tz, ZLCTRBORIER RS, kU T SDNR? R L.

SDNR* = C*MTF?*/ NNPS -+ + + -+ (5)

ZZ T, NNPS IIARCHELIRE B AV TORIE THRIE T2 & TIER03, L FOEH T NNPS
DIEANHAFIEELZDOEFEHNDILENTED.

BELROBEBRICB T 5L X &A% S £958, NNPS [ HME H2ET D X #AD 720
IZHE AT RETHHOT, Bl X SO L ST V(1-SY IS8/ IS LS. LosUIFA
L7z M AMGHENSEHIL Iz R AR C 1, (1-S) fEIAK FLTWAHDT SDNR> DEFHLIC
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BUFD G OHEIZL>T NNPS Oi/NNHITMIESND. BEL X #a G A HEE O/ 5E I
SDNR % i\ 7= Aslund SO E QC1, BELAZ G A FHEE O signal-to-noise ratio (SNR)
ZNy 7777 K SNR ELTRBILTWS., RAFFETHONy 7757 K SNR &, (5)=D
MTF*/NNPS \Z3% %45,

1-2-1 THRAR=T7 7 bAIEE M E L= D THY, ABFFEIZI1TS SDNR OFEHIE, 12
R~ MTF [ TN NNPS OFHRIfEZ# L, & DOBRICERE T2 7 4V 2 B%01% FC13 &£
AL,

1-2-3 MTF #lE
1) DR (Z331F 5 MTF fi#4T

1.0 mm EOX T AT Ty R (RE~TVT7 /W), BUELREZ T 52872< 70 kV, 200
mA, 25 ms, & O focus-detector distance (FDD): 1500 mm (Z Tz L7z, BUSLZEND, H
KBRS e OB, THYET (8L X B EHA D TRENDL Ty DIEICHEILL
TR A LD B 5 712D T presampled MTF 2B L7, 7288, KL RN, ZVyRD
WHBREEZHIELIEa— SR T g V2 2 AN TWD ATREMEDN o T2 72D i3, NNPS K Y
SDNR*> OFAlGFEE S5 [ D& UT-. 7235, FPD D FEARRY 72 BV H M 13K LS TR B SE O AR
WZEBRFSN TN Y.

2) CT 21T MTF f#hr

0.2 mm RO T A Y77 F 2% HNT, AL AED MTF ZHIE LT, R, 120
kV, EvFT7774%: 0.828, 2V A =3 64X0.5 mm, 0.4 s/rot., volume CT dose index
(CTDlyy): 28.1 mGy (= —)VFEKIRE) IZEEEL, display field of view (DFOV): 50 mm,
REATAAE: 0.5 mm LU THAEREIT 7. BB T VX EL T, B ICEZ SN
FC13 &, BIREICHWOND SR GBI THD FC30 L. T HIEIL, B ARG
R OZEE, Y X Bt CT W) YL, MTF 3G R 2 R &1
RELLTENASHANSNTEY, HEFHMERD TEW—EE 2R~ ZENH L 1D TH5,
Z® MTF #HHITIE, %R NNPS FHANZER I L7258 A — VAU I AW TR 5T, HU A7
—/LOIKAED axial B2 FHVVCEHAIL -, ARIZHREE R — VA~ 5 HEEZBR A LTS A,
WNAETH DT AY DM E R E T HIINTIREL, #E, L TREBLIZKEL, MTF O
AR T 2E o38N ndH5.

0.05 mm EDOX T AT HBICLD~A/aT A A7 77 haZ W T section sensitivity
profile JIIEL, 2z 1 L7 —V=Z5 L, (Kl MTF 2R L 2. 7 v 2Bk
FC13 ORI ELTZLIAMTE, TR L O EER G EZTA Y 77 b AR —EL, B RS AFRRIX
0.1 mm [ZFREL-.

1-2-4 NNPS {#Hl7E
1) DR ¢ NNPS fi##T
77 M A%, 70 kV, FDD: 1100 mm, & O H#R 22 780 BUGTEFI2C, DR 2@ 12+
JBOEEL X BBRERZ VYR (VY REE 78 Alem, 7V REL:10:1, HREI%WE : Al, = HER
TERNZE LR LT, BEFHTIE, X BRI 774 Piranha RTD)ZEERHL, 74085515
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ICCHEME: 241 mm 2572, 77 PAERHE O AS FHFR R (entrance surface dose: ESD)iZ,
1.0 mGy, 2.0 mGy, &} 3.0 mGy EL7=. ZOBRIC, % 5 B SRS K O R & 225 W ISR £
THARI DT, AR EEREFEY 7 SDEC V12 TEEAE L. 77 hADI
RSy ORI LY, THEET 2L X BRI ISHERLL 7 AT F1A1C KD NNPS 25
HL7=.

2) CT @ NNPS fi#Hr

T 7 hAOYE A FEICAITHIDICELEL T MDCT #(& T4 L, €0 CT i
OIERC LT AT 7 MRS Traysum B O30 NNPS ZHIE LT, RS,
BEL, BT 7778, BBRINET—R, L OEESHEZ MTF JlESF LUz, fREREID
DWTIE, AWEZ 7 hADS CTDLyg Z7HAIT 5 320 mm 227 72 RATIF RN\ 28, CT %
B —VIZFR RS LD CTDI |2 American Association of Physicists in Medicine (AAPM)
Report No.204' V& R L 248 FHBUR O BRI A R L7252 T, 1.0 mGy, 2.0 mGy, 3.0 mGy
JY20.0 mGy &L, SAREIZXL, 20 B 2ULEELT=. DFOV: 256.0 mm, iXEATAAE: 0.5
mm, B EAERME: 0.5 mm, ZL CHEEHEE Y 7 hAEZHWZED D, I HOFHERR T ¢
A FC13 (JEEH)EL CTHAERKZTT>7-. DFOV % 256.0 mm &L C, I-raysum {0 x
FROET7ENVYAZX% 0.5 mm LT 56T, y HFAOE 7L A (FRERk R EZL<L
72. NNPS FHICERLTix, A%hEFEEDS DR (L T2, KEJ7 1) Jo O [EL 5 1) O e
NRES LD ENT RS-0, 128 X 128 (2 THIHE, RU—ZA~T LDl E&2FRS E
THLITLER 2 TV EFEXRELT-.

1-3 EEIR G LD EEHA
1-3-1 FFA FIE

B R IS LD BUR A IS e B, ISR L TR ELLZTI TV, Sl (CRE E R T
TERWIIIZLTZ. F, EHORRIZB T M LZ B S ORBEG. — iR L CT AN
X RIRFIA TN BE OIEG B G A MR LTz, BR R BABH Tl & 72 T BT BE R R 7
6] M OMAI 101243 9~ 2 i URE 1] 3 SER &, #&AT — T VI ENIRZERRAIT & 72 > TR T A% R A
FmEAToEREIES] 3 EF], FEEE T m & OMG mER L5 FEEIES O 2 iE
B, S OVEE T M2 A5 S g PriEf oo 1 GEF o4 H -, DR B, BRRIC
B AW TSI ALERA fE U2 B Th D78, T-raysum B2 (%L TRIEIZIR D LH72
DR ([ZHWAALEL 7 e A% L7Z D-raysum W2 1ER L. 728, BEKEDO CT AT
ELEINTT —FThHHD, CTDLIZT, 7.6 (FE) ~ 61.0 mGy (8EE) CTHer Sz DT
HY, DR LVFE L RE &L 7e o7,

1-3-2 D-raysum Hj{& DERK
1) T-raysum {5 D Huf5
CT EfEOBEREAIZIB VT, KVEEMeT —#23 5058912, BEAAMREIX 0.2 mm %,
MTF 753 8 E TS D BT L 2 BA% FC30 ZfE LTz, ZOSRMFIZ I TR
SH7z axial FIRIZHOWT, BFRE YT 23 FPD &[FAIL 0.143 mm L7259 2 AV =T 1EICL D~
NI 2ZEIERZATY, raysum LBLZHWAORY 22— L7 —F DR 7BV EE I LT BT,
6



G LIRIE B D570 O I-raysum B G2 ERLLTZ.

2) 2= JE o e
{ERLSHLIZ Traysum WKL T, DR BRI 7 ARG R L 7 25 | 2 228 i S A

U7z, D22 JEIR AL 2 B\ T, T-raysum B & DR B0 MTF D EIZ X522 JE
W BALEREL (frequency processing factor: FP) &V /z. £, I-raysum B[R O/KE-Fim 15
ANZONT, —RILEET =V T LWAEIT, CT DAFAREHND MTF (2%3% DR © MTF
DEPLFHLIZKNI518 FP(FPy) 2R E 05t HE2T (8 (REGROE7 V) 07
FROELTZ, WIS, BESEICONT, FEOFIT, BEKZER LT CT oo
MTF (Z4f9% DR @ﬁﬁﬁm@ MTF OB HELE FP (FP) 2RAE L. £ D%ITHES
I OBHGIZ T 72012, JEE LM~ U O FIEE LT, TE 2L TRES H~O
*wﬁ%ﬁiéﬁ7—)i2—{@%74/¢zﬁc A0 LU=, 723, DR O MTF (2% LC CT ¢ MTF 73
RELDHIEND, BIER FPyfE, FPAEL/RHZEaMET 5720, FRMEZZNEN 2.5 LLT-.
R OIS Z DR XTSI 57212, DR BREFRERIC LUT B, #AF Iy 7L DI,
Ty VMR E N2 52T, R FHMEH O raysum ®i{% CTH25 D-raysum HEE1ERRLT-.
Figure 3 13V /28H# D DR {4 D-raysum B D 1 ] TH%.

Fig. 3

1-3-3 R FHl
D-raysum MHjf%& DR Hif%%, 2 HiERD 5 AT 7B/ (2,048 X2,508 B 7&/L)E /IR
liquid-crystal display (LCD), RadiForce GS520 (EIZO)%f# L, 175 0 bl i Z1 T>7=. LCD
1%, HELEREEE CTd% 500 cd/m” (2T, Digital Imaging and Communications in Medicine Part 14 (Z
TRESIL TS grayscale standard display function (AR IEL 72, BIERH IIRRERAEEL DY) 13.3 4
ORSFRFIERE 5 4 (FRBRAEEL:28.6, 21.4, 7.1, 5.2, 4.1 F)axtGlLiz. X TOERMIC
XL, WFFE~DZMN, £ U THREFHIIZ I T 26 ROARICET AR EE2EH R CREL, £7/2H
HOE TR RATHR T 2B BN AU GE IR REBOE T 5 B2 157, [/—50L,
[f— 7 M DOEHRIZ-DOVWT, LCD A IZ DR Ef§%, LCD il D-raysum Eff4 &R R~S
Wi BRI, YK, #i/h, BLRREE, BIRRIMERSLEE. 5 BiEDAa7 Y27 (DR
ﬁ@ 2L C D-raysum [ 235FT LG LIRS AR O HHEEIZ W T, BIBMNITEND 5
S ’?3‘?3{5%5 4 5, [R5 3 L, 0502 A, FABZE S 1 R)EHW, fﬁJ_kkﬁﬁ??%
, A A O EME, BEYEMR 7= (standard deviation: SD)EHEHL7-. HEZMRE
Mann—Whltney s U test ZH, AEAMELZ 5%LU7T0. Bl ORI HEDEL \%?Eﬁﬁ‘é
2, BlE 5 A0 RE 2 T HORMAEDEICONT, FHiliO—BE DL D
welghted kappa (x) 23k "DER L. k REOELSTIE, | 707 BB L TO0.5
W

2. fiER
2-1 MTF
DR & CT (ZBIFHATA AMN LR 761D MTF % Figure 4 (2779, 10%MTF 1%, CT (25
7



VT FC13 T 0.7 cycles/mm, FC30 T 1.1 cycles/mm, DR T|% 2.7 cycles/mm THY, ST
DR MENLDHE R Th -7z

Fig. 4
2-2 NNPS

Figure 5 a)lZ DR {4, b)IZ I-raysum [E{Z351F 5 NNPS OfEF4a7~7. :@ﬁﬁb MEERIZ
L X B iﬂaii}%’@ \HZE)S DR R E T-raysum B O LG Z I[$iE<, DR ﬁ@

[ZOWTIEREIZE D L%, Traysum [H{RIZ-DOV\T if%i&@ﬁg&ﬂ(:’:@@b\ﬁ§n¥ﬁﬁj e
ThHD. I-raysum B OKNEFEE, CT @ axial BEOFRER T /VZEBEEOREL ST, K
0.2 cycles/mm Tt —2%Z/RL, ZHLL EOZEMEEE IR T L. TETT AL, HIR2EHE
BECTIIARELI T —FL, 2 DAMIR LB IR MEE 72572, DR E{§ & TN T-raysum
HERIZIC, BB NNPS 235357z,

Fig. 5

2-3 SDNR*

2 M7 ANE, DR BT 0.027, I-raysum BT 0.025 Lipoic. ZOa M AME, MTFE, K&
O NNPS 755 H L7 SDNR? D % Figure 6 (R, [Al—MEfRIEEO LTI, TE ST
AHZ DV THRREL -~V 3 FEO )T 0.39 cycles/mm A 1235V VT I-raysum @@iﬁﬁﬂ KA
05 T e A 9 B2 BR< - T JE P £L Bk © DR G 0MENT. BARE RIS I-
rayum [E# D SDNR* E1E, FREL -~V 3 FEOFHIEL T DR BEEO 123.7%E7e 7. ﬁga&ﬁz
ZERNEOZWEEL UL 993, DR: 3.0 mGy, CT: 20.0 mGy THY, ZOMEREICBWTE
9 5& T-raysum [H[f%L DR W{RICL T, F|E T MWD 0.86 cycles/mm, K N-H5 MDY 0.32
cycles/mm ATl 0> 22 [ J& % $x fE 4R (2 B W C B El~ 72, FEE 5[ O SDNR* O i KA
0.12cycles/mm (233 C DR BTk 8.6 (5% /R LT-.

Fig. 6

2-4 [FIR 1% SR ]

Figure 7 1%, 2E[ A BRI FPy & FP, THh%. DR Hif8 L D-raysum 15 O£ JER]
Clio‘ﬁéttﬁ%%% Table 1 {2, BlE3E T LI LTRE % Table 2 12, BIEHMICEHITHRF
o> —E FE A FM 95 weighted « £2%5% Table 3 |9, SHERE{G LB E L ISV TIE,
NCOEEENFRIFETHDS 3.0 2 L1, BEEFORNEIT 3.87, BHEOZIT 3.53 Tholz. £D
— IR O W O FEEIE 2.53 L7eh, FHETHD 3.0 = FRILHFERTH-7=. D-
raysum B 3FEFHAVICA B 7o 7c DL, SEEEG 2 SEF & B EG: 1 5ER], DR B 2MEAL
ERRST=DIFFF T FE B 1 SEFITH-7-. Table 2 kb, HBIEE 2OV TERIEHIDOELIE
LFrBHé, 2403 DR L0 D-raysum E{EO S MENLFEANZ R UTZ. BIEHE 5 4 OBZEEH O
EWERT o BRI, BRI 0.53, fe/ ML 0.19 Z27RL, BIERE NIl 0E W 01355
ZEERTRER THoT.



Fig. 7

Table 1
Table 2
Tabel 3

3. B

CT @ MTF %, JAEEEF 058y FC30 THh->Th 0.87 cycles/mm Ajiii Tl DR L0 E <7225
7=b DD, ZILL EOZERJE R EIZ OV TIEA ST DR 2MENTZ. FC30 @ 10%MTF 73 1.1
cyclessmm ToHHIEND, ZOZEM JE W ELL EOEFIZRNEECTHY, &5 FAIITZ= 0 5 i et
ZLI->TCLT CT @ MTF % DR (ZITUSEAZ LR CHHEE 2 HiT-. 2, CT O
Z5BH D82S DRAIZHL TRENWZE, EATAREN 0.7~0.8 mm F2E THHI LT, AF
A AT & AR5 [ DG RFE IR S N D Z ST REIR 35,

I-raysum [E{4 0> NNPS 1%, /KK OFRE 5 6] CHHE (R 2 B 5 b2 A L, 280 HE
WAZHOWT, BE S ADPKEGHEOBENT. CT OATAAHED NNPS I filtered back
projection |ZXDFHERIZISIT D FMER T /L& B OF B A =T, BaffE T ulinh 22
JERFLDEIN T DIZ D THEINL, HHZERERBD O T T2 E LR~ T 283 TE
@ ) Z DB TRARZER R WS, TDOB%IKT$% NNPS L7272, ZHUTKH LT,

B LA AT A VA BB DB A 2 T\ edh, ATARBEZ OEET 57 —&% 27
y&“@ﬁ%’f%)ﬁﬁﬂ%b%?)ﬁ?@@@% L7572, Ko C, T-raysum {8 D NNPS F#EiX FPD L9
PREEIFNIMETIFAR N ZEARENT-. BREF O NNPS D TlE, I-raysum Hif4 1% DR [H{4 [F]
FRICIEERR B D OB L 3R (25 U C NNPS A2 EI U HO -0 A TICHERS T v REn
T2 EMBFJEDOIRNERTH T, ﬁ/ﬁ (ZIR AT AR ISR R D8R 85 Fr B DR E 12D
W, BB L Z DR ORHRELTIZG A (=X —: 45 keV'Y), NNPS {2342 i1 4%
BB T 42.3%IE N 7= 2 L2 TR L“Cb\é B RE b2 2 Lo TR R B DHEE LT AR A
NEBRITH-T B 25,

SDNR* 5 128720, DR {4} O [-raysum {28523 M AMEIXIEIE Rl CTH -7,
WH DI IBNT, AWVICERREITEE L7 Gk M ANDZE, ZLTEDaL IR
NP ETDHEGEL X R EITRELIEARD, NSO L AR OR o M AMENE, fEREL
TR CTHoTeEE 25, REEEEILZDR @ 70 kV IZHL CT X 120 kV THY, HEAR= b~
FZNMIFAB)NT DR AMEND. BEL X BRIZHOWTIE, CT DRI T, BEL X SRR 1
72T, ARE T RN A= a2 T X BERK L TWAIE, X S LR ERED T
WO EIZHER KT 7 FABBLESND YA AN THDHZ LD, WEBICH S THHEL X 7
(X DR LW A7, a MAMGEIZRESEBRL TWAZENHERISNS. 372105, I-raysum
%1%, DR EBRIVLEEL X FROFEZ S RIS E7-44 DR H{ETHY, H3EIZ1)
Ko U T- g ThHHZLE BT 5. 12771, 120kV THDH AT, ‘B ORIBEITERE DS HER 12
XL T L, DR LU CR7epa AR5, B ERIEICEHHEIT> OB, O 'E
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@%ﬁ%ﬁﬁxz‘/%?x% TB SN TR, SR OBEET D, EME L DOREIZHONT
I, BB/ DR & CT THRZRDM, RAFETIIZORELZZEL TROT, BRDMAENDLIET
3?35.
M5 &% O T-raysum W31 5 R —BREFEIE(ED SDNR® % lli+ 5L, TE ST
0.39 cycles/mm i C DR B[ L0HEIL7-. DR DI T, T-raysum B 03D DI
HEE ST M DA, BITHRARSE 5 Ere ikl ’Bﬁ%ﬂé’&ﬁ 5, BRRIIZIE AT 52 LITREEE N2 D,
LINL7Ze 36, ZWraE L ~ L a g L2581, T-raysum (R30S B \ DB AU 7 AR JE] 8 250
MEAGFHIENTED. BRDLII, I-raysum @@ LR T K AE 2 B350 T, IRTlidd
%73, I-raysum [ ﬁ@ifiﬁﬂéﬁﬁﬁﬁ&@ﬂ(iﬁﬁ@Lﬁﬁ@ﬂfﬁiﬁ@ifﬂﬁ' 0.59 cycles/mm
At & R X T2 E 0, RS E T RS2 TR A ~DIE 42 R 32 L3 Al iE
Thd. 2O, ZIKB? O M, P L2 e R E R B Fn b 22 E L
TSR B A T DIEBIZER AL CD. FiKJE M5 SDNR® IX DR &R DA T 135
BTz, 2R T, DR @ detective quantum efficiency D JLH572 CT 2@ ORpMEZ 7~
EWEDRENTR. 7233, AWFSETiX DR TiX ESD, CT Ti& CTDlyg &V RED RS
MREFEEAZ S0, ZOAT, ZNENOEEMEER HERNZ T M EBEOBGRNRE 2>
TWDN IR TETELT, ﬁ—é@*ﬁ?ﬁ%ﬁﬁ’@bé
LR AN T, SR K OVEAZ BRI 412> T, D-raysum [H#47% DR Hi{§ L0GEN LT
&7 D E LD T-. AU, D-raysum RO ED DR B IVEKIEIZZL, BV SDNR
PFHNTZEND, BROIVZERBEEIROEE TH L DD, — iR Mg KO HIVDEE IR
170 B BZ R CETCWDZENHERISIND. — 5T, TSI IV T, FEE# 1 EFIT
DR HME, il 2 B THEMEDS 3.0 2 FEl>7-#ER Th-7-. Figure 8 (%, D-raysum E{{D
PN T Al 72— BT D, ZiUE, MTF 23R T IOICHONICHGE R E THY, B RORBL
DRFETH ST ENZZHIND. - T, FEFMEEZE T DEALIZ OV TIX DR 125D &R
i, %fﬁnﬂﬂﬁ@ﬁt%k BLI-EE D, WIROBIEGTIX, & —MEDREFI ORI
B E R O— BRI EITOZERDH LD, Ny IR —ROKROEE, 27 228D EBRNIZIEA
Ly, {%E?@ci‘nﬁ CARMLEAFHIRNT — A B H AL TWD. AIFRICB W TE AL T
7R, ZIRITTIE RO FRER T 5 raysum ALERIZ1E, RER R L2 a BRI LTZY, [Bl#A
BB A T2 Z LN Lo TEAEMI R LI B T DR R AITORE D T RL A RE TH 5.

fig. 8

BEE 5 KL OFEE T DL, Ao T IR REWZENEU S R THY, Blss
MICIIT D —EEDIIE LD k FRERDFE FATIB W THIENAE LT, ZAUTFT RS 2 0t
ORI I ETHEOI B BB S 7-2 ckDEE 2D, LnL, SEER K

BRI E G TIE, SD b KREVVEFNIZBWTE 0.71 THY, FHlio —HKZZ#HLWE D0,
1 SERWICIEEDLFHM A S0 o1z, LoT, FIROIIIMREEZ BRI HEHA LIS TIE, DR

IR TGN BV E T LT CT WG OIER LT raysum IR OETER 72 Z0MEN
RIS,

HAEROBETINX —IMEEFIZ2E CT MAENIHIRZINCH A W ThorZ T+ TioHE
HSITWD. Lo THIRFSRUTIE, 2B W23 & 8 ik oy O G FitE % L B L LR 2 S A AR
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ELT, raysum Ef475Y DR JOHENCEE 2RI TELZEN AR IR L > TRBSNIZZED
5, raysum [ OFERIEANEGSNS. 72770, fA S Tng 3D-WS ([ZIFAIFZE TIT-
725572 D-raysum FEfE O FIENERH SN TR, KIFFEORE R&—E LR Al HEME:
W%, Fiz, CT ERD 512X512 ~h o7 AU RHEZHIBRL THDHZE)S, D-raysum [H]
BOWEDTZHD 1024 X1024 OFARELBET XETHD. 5% CT EEO MG LD
BT c &, BZEf &R 27-% SDNR MRSV, CT s LIERICEITS D-
raysum [B[{% 0D FH i 5K &1E SRR S s,

4. fEeE

AWFFETIL, MDCT (2&->Ti572 HU A7 —/ V0 axial % FE%f 50 E A — L ~LAE AL
7z l-raysum ERZAEEEL, AIREZRERD 250 P2 W TR EIE A MEA L, DR
Gl L=, ZOfE%, SDNR % [Fl—#f EIEEE CHik L= 56, R8I E ki 3V CIA]
HEORITPELI. RIS, BREEETHHEICT CT Z2He L5412, K72 SDNR
oA R T, B 2e )R B A RE I A B O T Traysum 4% DR B4 L0b BN L2 EMREN
2. BEER, BAEER M OV OER W27 5 D-raysum WifE L DR WO TlE, SEERE
FOVEAR R T DE ] T D-raysum B ME L, FHEICH VT DR B AME ST,
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Fig. 1  Oval water phantom with flat section.
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Fig. 2 Schematic illustration of oval water phantom with flat section.
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Fig. 3

Examples of (a) DR image and (b) D-raysum image for head.
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Normarized noise power spectrum ( mm”~ )
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Fig. 5  (a) NNPS results of DR for dose indices of 1.0 mGy, 2.0 mGy, and 3.0 mGy. (b) NNPS results of I-
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Fig. 6 a) SDNR” results of DR and I-raysum for dose indices of 1.0 mGy, 2.0 mGy, and 3.0 mGy for DR
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Fig. 7 Frequency processing factors for equalizing I-raysum’s resolution to DR.

Fig. 8  Examples of (a) DR image and (b) D-raysum image for finger.
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Sample images Mean S.D. p value

Case 1 Head (AP +LAT) 4.20 045 0.008*
Case 2 Head (AP +LAT) 3.80 045 0.048*
Case 3 Head (AP +LAT) 3.60 0.55 0.167
Case 4 Pelvis (AP) 3.40 0.55 0.444
Case 5 Pelvis (AP) 3.20 045 1.000
Case 6 Pelvis (AP) 4.00 0.71 0.048*
Case 7 Finger ( AP+ LAT) 2.20 0.45 0.048*
Case 8 Finger (AP + LAT) 2.60 0.55 0.444
Case 9 Foot (LAT) 2.80 0.84 0.444

% : Significant at the 5% level

Table 1 Results of visual comparison score for nine clinical cases. The scores more than 3 indicates a

potential of raysum superiority, and two cases of head and one case of pelvis were significant.

Observer Mean S.D. p value
A 3.11 0.78 0.418
B 3.56 0.53 0.029*
C 2.89 0.78 0.418
D 3.67 0.87 0.009*
E 3.33 1.00 0.234

% : Significant at the 5% level

Table 2 Mean scores and standard deviation values of five observers.

Observer A*B A*C A*D A*E B*C B*D B*E C*D C*E D*E

Weighted x

) 0.40 0.45 0.40 0.27 0.23 0.53 0.21 0.25 0.53 0.19
Coefficients

Table 3 Interobserver agreement values evaluated by weighted kappa(x).
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