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MR % e 52 By D E LU I BT B T 58

—aAy¥a—Ty FSIVF T 74— LR NF—ESFEREEIEIZOVT—

BRKZEEHELPHSRESHE (£ % D8R
(3 ﬁ E 2

7Y 8 Vg (digital radiography, DR) T# 22> ¥a—F v F5 Y+ 757 4 — (computed radiography, CR) 454k

BB R A L 722 300 ¥ 32430 (dual-energy subtraction radiography, ES) 13, Rl #EHIZH LTI R L ¥ —ii L
BrfnrF— fﬁ?ﬂi’ﬁb‘, 7 I 7 ar WEEE I0L), BRES, KTRELHEL-EBRPERTIREETDH

5.

IEFREEE OB BV T BRELHE L RS EROF AU HE SN TV D, XBEHEEEETIBORED “K

DIHE, $hbbarA¥F 24T 14— (conspicuity) IIHED I Y + IR b L EBOTESEEEI LB REOBMEIZ L 5
ThRELLIBBSN T 207, ESEREIR IS HMOBMEE BT 2 BRELZNEETL LI VESTR S 2L

X

SETWVE. ABIETIIHICR & ESHE MG E FHT 2BOERAOB & £ WBBIF L, SEEORSIB S I2o0nT,

WEEEME, BRTL2ECOMEL, FEROTE '5%&3@&@5}%%?5*?‘*& LTHE L7 EBIECRICE 2~ 40
FIBTEDIAT S, BAMEEN 2em LLF TH o 724 HiB MBI B L UK ETRSTERI & 4 2060 (BYE23 I, LPE1740) T

5.

ESIZHH TS L 2—ERET 3 L — ?’%?(EL DB THE LG E AL, FFICES NS BHCRIZ

ERPLHCOENTOE 7 4 VAR ) = L2 E AW EICREMITECREE L7, 313 ADEMATEE SmsE 4
BELTUTo . TNENTERTH, SHEOFES SEMOMSE T LA %@ﬂm%%%ﬁﬁmW%ﬁ(mer
operating characteristic, ROC) 7 & F VTR L7z, FEREBIME D SIS E L L 2 O NS T TORE %
HMERME L, RERED? SHEEIEHOAELIET 5 3 COMMB L RSN L LCEHIL 7. BiCR, ESTE{ETE
%f%a%rwwﬂﬂ%H,mA%ﬂ b;vfﬁ%#ﬂﬁaﬁ#%ifmﬂﬁ LR O A & W5 T HLER L 72, ROCH#
MTEESOHFEMCR I ) O BREIHOERICS o 72, SEHEEICHT 2 MERBOFHIE, HHCRA2.08%, ESH
1138, iﬁCRiDES@ﬁﬁFWOf(RQ%)E& W O HIE, BMCRAT9.2140, ESA6.01 W TESOHAE D -
72 (P<0.01). #EEEOLHBOER, Mﬁm%amgﬁboﬁﬁ,ﬁ%%@ﬁ’;of%ﬁLtﬁﬂéﬁot.Lﬁmw%&%
BT b NI L A5 3 O SRR RIE ES O S AYE SIS RIS L E N CHE Th - 72 BB L OBRIC L 25Tl
FLOBELRVIZhIbET, ﬂﬁ@m,ﬁAWMEﬁﬂﬁﬁﬁ<ﬁoﬁ?#oﬁ.zkﬁ#ﬁmml@k%“#ﬁ% xh L
CISERARIF IS ES D H A <, 15mm ILF OFEE B2 L CIR AR, S0M L L IZESO B8 h - 7. Mo
FEBEIZ DWTIZHAMCROFHES L 0 b EVRIZIZFEI L TH - 26125, WE+ 2 T T 191 ik 17451 (91%), WE L b UM
TT1916H1 16881 (88%) Ta N iEAR LM DOIHED 5 L ESOHARDITH VL ) SR 4187, e me L+ s
T COREM L FER AR OFRE I DV TOME D5, ISR Y ?ﬁﬁ’ﬁquEsuiﬁ%CR;VJ%%mﬁé%ﬁ:Dr@
M X S BB 2IMFEEHROA Y ) — =0 Zin—o2 8 LCHM & 45 L

Key words computed radiography, dual-energy subtraction, eye movements, visual perception,

pulmonary nodules
i B ERETRE QIZ LR L20d 2 ERERO—DT BEDHETHB. LvL, #@E OKGEXHLE B Tl AR
BHY, FrEFRLMEL %&mﬂwﬁimtﬁtzﬁ EhCwa EEE LKA BBERELALD LN, BRTIIEREHR
TOMFEO—D & L CTHEBRHD Y BB 604ER L Y %ﬁc(f %E LY ENEELRETH .
DOTEEWBETEEER T 5, BB RRIC —J57° ¥ % Vil% (digital radiography, DR) T&h 27 L2
Xﬁ3>81~9—%@ﬁ%ﬁﬁ@mmmwmmmmmmcn —7v F9 Y4557 ¢ — (computed radiography, CR) #5Ji#
ERWAFEOBRE SN TR EAY, KL LT XMEHE T S FUH S MBS M B0 2 B A RICL D

FRI0E11H 4 BZAF, FHRI0E12A 4 AZH
Abbreviations . CR, computed radiography ; CT, computed tomography ; DR, digital radiography ; ES, dual-
energy subtraction radiography ; IP, imaging plate ; ROC, receiver operating characteristic
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WMEENTVE?Y. ZOFBMBHMAFIME LAl F— FEVERTE A CHE 105 L 1061, E#5i249 ~ 8258 (£
57 (dual-energy subtraction radiography, ES) (3B a8 % 62.75%) Thb. #EOKE &, $£1.0~15cm8%l, 1.6~
LB W TSRS ORI E RS I, BBREICL2 2.0cm12fl, F¥1.6cm THEEOELEILICTH & Rz CHER
BRAREDRPIZEBL 2%, I CHiB4AS S0z B ENTw3.
i+ 5 ESHEREHE DA ARG SN TE D™, 20R21 IANF—ESEOWRESEE, BEE100 kVp, S8
GEIZODWTEBMICHMET L2b v, Kifsecid Bl 600 mA, HRFEZIGHE0.13F0, 7 14 b 2 & S HIFERE 200cm, 77V
CR& ESHRERWI M2 % JL#k L, ESHIREIRICZ BT 5 I B is e y Flglel, 41 A=Y Y77~} (imaging plate, IP) #
DRDITHEIIDWT, HHETME, THTrFCoBHL HoTlRELL. B éilf’IPaiCRLIiat%FCRTOOO EL
FER O N O B2 IR L L TR L. AFA AN AT, NHE) 2 TEEMLES R, 23.4X
R LUHE 234cm® 2 / 3 MEANERIZLTT7 4 VAIZEER L7z, BESIdLH
TRBLA— @fﬁﬂflz\)b%—¥%v£ L EBRERHEELL
WREBNICRIZE 2 —[RE T 2V F—ESEREIT S N BRESE R A ER L, FFIZEOISE BHCRIZEERL2SHWS
PAEHIR RSB L O ERIE £ 2061 TH B, FEETEERES NTWBET7ANLAST ) =2 L B EBICHERISE VLI
X, BB MECHIT, ki1~ 81 CEH5241%) T Lz (1), #hEhOWERLEEMZEE 1ISRT.
5. FEBBED 5V IEFBEINIC T S0 CT 12 CREAEE L IBADEMT) bhiTE, WERSHEESS, B
LEWI EDMERIN TS, BEERESIZE2cm T OB FERTEY LOREHHEES %, FRERAE BT SR O HgHR

Fig. 1. Chest CR of a patient with a right-lower pulmonary nodule. The left i image is the CR image processed simulating conventional film
screen radiograph and the right image is ES soft-tissue image. The nodule (arrow) is easily recognizable in ES soft-tissue image because
of elimination of bony structures.

Table 1. Processing parameters of CR and ES images

Modality GA GT GC GS RN RT RE
CR 0.8 E 1.6 —0.20 0 R 0.2
ES 1.0 E 1.6 —0.20 4 R 0.5

CR, conventional computed radiography; ES, dual-energy subtraction radiography; GA, gradation rotation
amount; GT, gradation type; GC, gradation rotation center; GS, gradation shift; RN, frequency rank number;
RT, frequency type; RE, frequency enhancement; E, gradation type of nonlinear conversion curve used for
almost all the imaging menu; R, low contrast enhancement type for the low density area.
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Fig.2. A model of an observer searching a chest radiograph
wearing the eye movement recorder. She pushes the right
button when she detects a nodule and the left one when she
finishes searching.

Fig.3. The scanning patterns in searching pulmonary
nodules. The scanning patterns are shown in CR(A) and ES
(B) of a patient with a right-upper pulmonary nodule (arrow).
The scanning path in ES is shorter than that in CR.

I

BE2 4%, IPHRARSMEIER 2 4, IPRESNEE | &, Fhblsfop
HE28E L7

HENFIZ L 554 T A28 5720, HACR, ESEHE

EPRETAEFEEL, TR THMCREELD, 6 ZHTES %%
WER L7, itﬁ%%ﬁﬁ%%ﬁ%f&*tr;am47x
TR B0, K @%ﬁ%?éﬁ%iz IRl E BT, 40%
DT ANV LDFHITEEBNL L2, FERIZE YOI R5y
FHW. ﬁ%%@&ﬁﬁ%&b&étb,&ﬁﬁ%%%ﬁ
THATAZT—2La—%— EMRT7, >v 7, B 245

T Lo(M2). HICEE SN 74— La—4—
DTN, EELERAPTHOLoNR D2 CHIR
BHETEEL BT, BEEEEEL, 7104 ERRE
DEEIE50cm & L7z, FEEE [Tv] OS5 TR L3
%%%L,m%%@ﬁ%%& LB CRETLD R A v F 54
L7z, A4 FEMTIEICIVHREEmE EIIZT 14 F2SETL
BEVHND L)L %n%hm%%T%,F%%wﬁﬂ
WKBELC, BEZETELEZY, BELIFELRY, b
ey, BELGSKHFET D, MEIHFAET S, FTEBOME
BB LRI L, SISO E - e K, v ¥ —
THERLTL b o7, BEHEORRBIEE L7, 18
FEFEHIBR L 22 n o 72, BFRE T ) — XOBBRTISIEIT I v
B 4IEFI R B I .

FEREOEITI, TAv—2sLa—¥—%E, FEEOR
IRATE LB & 295 e LAEB OFERAENE L. S8l
BHREER LT AY—7 L LTERERI Yo -5 —%H
WT10~30Hz IZTHAT L7z (M3). HLATA~v—2s12

— IFHRERICH LYE % 4T, IREROABEMNIBICE L 5 EE
(BaHE) MERMOZ2AERMFRZHRAL T3, BEko@
FEFOEABEOHEBERLATATVE I EZFHE LT, %S
PEBIZRTHWERS ¥ b (L) 28HT5, 7477

LVa—¥—37A~v—riia=y NEEB O AT RLRY,
Fhbo i —fke LCHICEET 2720, HRosh&ic@bhs
THHEETELLHO R A EWEETH L. L LB ER
HOLT PR L QIEHAISEHET 500, RERTIIEEN
Thanwk ) HEHEaFREEE L.

HALCR, EST i BWaE % ZE BB (receiver
operating characteristic, ROC ) f# 47 % Fl v THEMF L 72%%. ROC
ﬁ@*ﬁblli"/ﬁjjﬁiC E. Mets 7254 “ROCFIT” #
fER L, ZWREDFEMIEROCHM THFEL b L ICHIB0dHHt
ﬁ%mfﬁm%ﬁou

HALCR, ESTEIECIEDS L/ERMICOWT, FHEMG»H
AR B ASE R i%u;a%z%néﬂ:f,ﬁmﬂﬁﬁ;ﬁm& L, &
RGP SREBEVRHEOFELREL, 71 PTHENTS
FCORE & AR & LCTERIL, ﬁTﬁfmﬁLt.é%
HOLFOWIR, WEBELENELRY) OFRE, BEHEORL

THHE LG D 1T o 72, i3 Y i HE (R = Czrl,t
mﬁﬁwmﬁiﬁﬁ%%_ﬁﬁwﬁétﬁszﬁm%ﬂot
TR AEEET 5 TOER SO R Hi%T
L7,

57 L

I. B#iCR, ESDHiEE
EEHT L OFEEI3LDOROCEHME, BLUIZ0THER
21Z7R Y. HAL CRA™FH0.84, ES#70.88 TROC Hifft TIXES
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OFHHBEEFAE LES OB BEVRIFAEMER L, H
AR IS M EE A S N h o 72 (M),

I. EEFARH OISR, FBREAERE

MERE, RERMEEOFHEEIICRYT. EHeEITT s
MEEROFYIE, BMCRA2.08%, ESHLISHT, ES®
FHEBIZE, 272 (p<0.05) (U5). RS OFHIE, M
CR#%9.21%, ES#°6.01 B CTESOHVEFEIE L 272 (p<0.01)
(1 6).

II. BEROMIRIC L BHNEISRE, TSRO sk

1. BEOMERIZ X 5 L#

DA 2 BE RIS 2 MEREIE, Bs CRL54H,
ES124%, CHBZRAON LD o7, WEAHBEREGEIC
W B AEREIE, EMCR222%, ESLOIBTHEZZIZR

Table 2. Areas under ROC curves for thirteen observers on

each modality
Areas under ROC curves
Observer
CR ES
1 0.98 0.95
2 0.75 0.91
3 0.95 0.98
4 0.88 0.98
5 0.93 0.97
6 0.83 0.96
7 0.86 0.73
8 0.85 0.89
9 0.82 0.91
10 0.89 0.84
11 0.65 0.89
12 0.74 0.74
13 0.79 0.74

CR, conventional computed radiography; ES, dual-energy
subtraction radiography. Average of the area under ROC curves
of thirteen observers in CR is 0.84+0.09. Average of the area
under ROC curves of thirteen observers in ES is 0.88+0.09.

Wit o7z, R IEEAMCRI2.03%, ES658% & AT
ESO W@ h o7z,

2. BYEEE L OBIRIC L B ILE

BhEWERBEERIINT 5 WERRIL, ESH LY, B
MCRA*2.20%), REFRREMIZES2%6.20%, BHCRA10.49F &
SNEERE, RAERM LS CHABRCESYE o7, EBEC
E O o WS T 5 MERMIE, ESATL11%, ML CR
AS1.58%), ERFAMERTIE, ESAT5.39%, HMMICRAT8.01% & ME
Rel, FRRREERT & QICHBICES A Eh o7z,

3. WEROKREEIZLBILE

BREA 15mm & ) K& CHEFRICH T 2 MERIZ, Hi

o
o

True positive fraction
o
19,1

0.4

03 P

0.2 |

041

0.0 : - - : !
0.0 0.2 0.4 0.6 0.8 1.0

False positive fraction

Fig.4. Average ROC curves for thirteen observers for the
detectability of pulmonary nodules on CR and ES films. [,
ES ; ®, CR

Table 3. Average times of perception and recognition time for CR and ES classified by the characteristics of

the nodules for thirteen observers

Perception time (x £ SD, sec)

Recognition time (X % SD, sec)

Variables
CR ES CR ES
All cases 2:08 £ 1:28 1:13+£0:27 9:21%£5:20 6:011+4:47
* ko
Nodular marginal findings
Unclear 2:22+1:58 1:01£0:30 12:03£9:47 6:581+7:28
Clear 1:54+1:16 1:244+0:32 7:03+3:49 t”‘*j 5:081+3:39
Nodular location
Under ribs 2:20% 1:53 Lo 1:14x0:39 10:49+6:36 Lo 6:2014:37
Between ribs 1:58+1:21 — % = 1:110:38 8:01£4:48 ~**~ 5:30%5:15
Loy [
Nodular size
>15mm 1:57+1:22 1:154+0:37 9:03+35:26 5:24+4:27
=15mm 3:14£2:59 L, 0:59£0:32 11:46+7:34 t**j 6:301+6:01

CR, conventional computed radiography; ES, dual-energy subtraction radiography.

* p<0.05, **p<0.01.
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6:29

5:46 -

5:02 r

3:36

2:53

2:10 -

Perception time (sec)

1:26

0:43 +

0:00
1 2 3 4 5 6 7 8 9 10 11 12 13

Observer

Fig. 5. Average perception time for the thirteen observers in CR and ES films. The perception time defined as the period from starting
search to the point when the eye position fixed on the pulmonary nodule. {1, CR; M, ES.

20:10
1717 +
14:24
11:31

08:38

Recognition time (sec)

05:46 -

02:53

00:00 - = .
1 2 3 4 5 6 7 8 9 10 11 12 13

Observer

Fig.6. Average recognition time for the thirteen observers in CR and ES films. The recognition time defined as the period from starting
search to the point when the observer determines the existence of the nodule. [J, CR; M, ES.
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Table 4. A comparison of the length of the searching paths in

CR with that in ES
No. (%) of cases
Length
Perception Recognition
CRKES 4 (2) 12 ( 6)
CR<ES 13(7 11 ( 6)
CR=ES 138 (72) 88 (46)
CR>ES 26 (14) 45 (24)
CR>ES 10 ( 5) 35 (18)

CR, conventional computed radiography; ES, dual-energy
subtraction radiography.

CRA*1.57%, ESHLIGH L FEZIRD N h o778,
FEFE L BAICR259.03 %, ESAY5.24 8 & HEIZESOH 44
otz FEEEORKEN15Smm LT OB 5 MR
Mix, BEMCRA3.14%F, ESAHT0.50%, MG, H4ECR
#11.46%0, ESH%6.30%0 &, BRI, SRREERR & S ICESO
FAsE o 7=,

V. F18T 3 £ TOETRANPFOIES

MEREMET 2 COEBSHOMEEY, BMCREESTH
BL7z HMETHZETOEBETIZESDEIEH - 72625191
Bl 3660 (19%), MEL D E#BRTE TOHBTIZESDFHE 0 -
7 B2 191 Bl e 8051 (42 %) 1ZFRO SN (F4).

& =

MR X B EIZ BV Tid, BT O & L 3 EE R o e

BHREZOBIBO ML —= 0 7128 2 h b 57, WEOKMHIZIE
BAVH L. ERTOWMMIXMEELORLE L LI1X, 65~90%
OHHEATHEEN TR Y, ZOREKNE LT, MHL™ 130
B, REME, MMBEELOER) 2 E%HITTWAS. Kundel
HP L, MEAEEIMEREDRE L LOMBICH L THRETL, &
BRomb i cE8s 2/lTL LTESHEORE S, BK B
PR WK FOMRL S, HESEMO TSRS (i
B, MMER) DEBTARELBN, ThE “A LT 75y
—F/ 4 X" (structured noise) £ L7z, #LT “R2oT%
&" (conspicuity) £ EIMAEWE L7z, FIHEEO "R
DIHET NMREOT L M T A MIREIL, -5, HB o
FOBMME IR 2 LB 2. A NT 2 F v — N
1XRHEETEI LI L - TSRO R 5 250 13
AIlaRIIR b RIEL.

X MEEIZBWTH T2 a3 v 2UEICLOIL
DROBSHCHZ. CRIGDLAETHE SN/ DRO—HECHAE
DDROFTIIRELEEEN -2 EEZLNTVAY ¥ CRIL
BRUEMEZRALAIPE L ¥ — L LTHW, XHH
&7~ % %M, FYyNLTA", CRY%i Lo L L2DR
DRBL, WEMBEEMR DI EI2E ) BHIHEREBARIE
Re&aze, Wifgs7— 5 L LCHENIZESERT L
BT HNDG. CROWEER, BEEEKISFTbATVD
TANLDBIEST T CBHHREEZ S —ICL D FRRP, kT
AATRERETHIENTE, ETOHEBEETFTYY VEL
TOREEM ( picture archiving and communication system,
PACS) 7*Wag & 72 o 7=.

BREEEMEIRDORBICL 2 XB AN F— 5 ERL

TBREOIANF - EALTIENTESL, INERYTR
TVOEHFRICEA LEE ImmOHEHN [ PThHB, CRY A
TATRV-F—RERIILIY I PREBINXBLILE
—ERE, EELEETHEEECERERFIIERLTFY /L
BREFVPHEONS. CROBEMIEIZIIPELIE, 22/ E %
B, ¥ 570 VIEDRHL. FOILDOFT T
a VRBEO—DODHETHHESIE, BEERELEERED
THEEORAXBHE CELNAERYTERET L
T, BEOWIFEZ R - WE L HET A HETHA,. T4
bERA—HEERIIH L TEL AN F BB T AL F 0%
ATV, BRIULEAE R 2 B8 L SkERERE I E LY R ELR T
Ei{Tof:tk, Y7 hI 0 ay WERE) 2 LCEHOES
THELAY, BIIHRBOEFEWELLZNTE, 2010
[EBEOQZRIOBEFLETH Y, BHEDD LEHEEUHE
WA LCIE, BISIC L2 ABNEDR LU BREEGEES
ZENFELV., Fx DITo TV B —EHRERIIER/R 7+ V5 —
EIHOIPTIEAR, HEIPLIVELALF—-EFHIRL
F—1Fr, ZE I PL YR A NF SR EBLHETHLY,
—EHEEEEB ST 2RENA LA, £—EOX B
BCHEETRETHN A ) -y FRBECEL TV 2D, 3
BRI OB, FICEICE R 2R ORBICERT
HH, B CRIZESEMIT A 2 &2 & 0 MiBH&E H o
HAS21% THFEEN- L O#HE DL H ™, ESKIEIZIEA b5
TFr—FI)AXO—2ThHhrEREZHEL, Ro5s%
MEEEDIETREBOREL LEDLLTHEVIALE
Folwza., Lil, ROUTB S ERBIICTHET A HAIE
INFTENTVR, RIFFETIEER BT X b IS5
AR BT 2 ESEEBERO RO 8 S 1220V TIREF L 72,

I. B#iCR, ESDBUEEICDWT

THEFFEERR OB WTREIZ ES IS BACR & ) METMA B2 8D
BRol2bDOENTVWAHEEICH ) NI TOREIZBEL
RFELEVHEREG o7, BHEEIBAP 4L ATHMCRD N
MEBEIE Do 7248, A3 AOFHER ISR E LY o E
T& 1) ES DM B A A & i 5 8 OB O At
DHVIENEELTVD I ENENEIND,. 2010 0HE
FIEHEMCR L D ESOH FHEBENH Vo TEWEGNE
ISR ORI O b L — = 2 FAS SN BEE DT ES i
HIUTE VBN cE 2 LB A,

I, FERFFE, RFREEIICOWT

MR AR TH RS BICHACR I W L ESO A4
REZFRCHEDIT S EEIRPES L. IR HE oM
M 7 O = NVRE L 7 4 — B IVEED ThI TV D b # 2
ENTVWAE® N, FTobbikigs AR akgres 2
(70— NVEE), ZOHMD CRBIFZD W TOEE (74—
HNVER) BT A, SO NSVEREEIEEICEY, 74—
HVEEREHLOEBFIZL 20D TH 5. T T R OME
TELALNPLHBETT + —HVEEIBREILLDEELS
NA. ESTIHHMCRIZER “A 50 Fv—F /(X" O—
DTHIERENEESNL D IO — N VEROBER TOH
HALY LT, 7+—HNVERICEIONabnk
EibLNB.
PRIV T OBAMCR L Y ESDII S SEERTH -
oo 74— ANVEFRICE, BEERo RREOW, EE, I
DR EE BB LT3y — v ik (pattern recognition) L,
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REIRTH B D% HIRTE (decision making) §5, &\
S FMECHESN TP 87—V RB#ICL “A LT 25
¥—F/ 4R LLTOBREOHENEEL TVWAHI LT
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FLESOFHITBR TV RVEREEZ L SOLE THMERN
HESHDHFHED» o722 L1d, ESHEIZENTWER L TH 72%
TLEDIFAIENTELIERRELTWS, Lo LRkE
BT, FEICESOEVFEL 72500, bTFhnE
BALEMCROFTUEDP o FHmEENIBAFT LA, LAY
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HHBOMRICE BB TR, RORHEELFHEY, HF
LEHELORBNBTESYTEN TH o7, NEREIAE
EEBRVHOOESOFPEVERICANEHLEL LN,
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FOEMMEEZET S EROTHLLTWE I Eahh b,

MBRECELZLEHEDL, EXo2WREHE T ESIXA
HFRMEMEDICEL AN TH- 7. BEPOWRET, WER
RICELAREEOBNEEE, BMCRI Y S ESTHEIZEN
TBY, WECHEET 2RHECLAEREIZVSODESD
FRBRBEAIH o7 EBRT WD, AEOERTL IR E
FELEWERE 2ok, Fu— UEETHEIIR 2 EEO
B3, BEEOFETIRIMICOWTTIZAR L, FIH
B2 L BEVWHE, BZ256 {FEEOEEHEDREI NS
EBRbND. o THERET LLLEEHEONTEEIEL 2
5T LT, HHEIIMBEOELRZ Y IZELOTROITH S ME
THEHENEING.

BEHEORE S ICL A B TREL MM TOREESETM
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W REE I EFIR T H ) HERBRE 0KV b OAE  JER
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BEMEHNTHB EEZLND.

MEF TOWMPA, ESOFIFED - 7260, B EEH
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Abstract

When interpreting chest radiographs, lesion conspicuity can be defined as a function of the contrast between the lesion and
the complexity of the surrounding tissue. It has been reported that soft-tissue imaging by dual-energy subtraction radiography
(ES) is superior to conventional computed radiography (CR) for the purpose of detecting pulmonary nodules. The aim of this
study is to analyse the eye movements of the subjects as they detect pulmonary nodules in both CR and ES chest radiographs
in order to evaluate the relative conspicuity of the pulmonary nodules under the different imaging methods. Thirteen subjects
were fitted with an eye movement recorder and asked to search both the CR and ES chest radiographs for each of 20
pulmonary nodule cases. The eye positon data was used to calculate the time from the onset of viewing each film to the gaze
axis fixing on the nodule, giving the perception time. The subjects were required to push a button once they had consciously
registered the nodule, giving the recognition time. The scanning paths were recorded. The detectability of each image was
induced by a receiver operating characteristics (ROC) analysis. ES generally tended to be superior to CR. CR and ES were
compared for perception times, recognition times and the length of the scanning paths. In searching pulmonary nodules by
ES, all observers showed significantly shorter perception times (p<0.01) and all observers except one showed significantly
shorter recognition times than by CR (p<0.05). The images were then classified by nodule characteristics and diameters and
the scanning times re-evaluated for each different class. ES was superior to CR in nodule recognition time irrespectively of
the clearness of the nodule margins (p<0.05). ES was superior to CR in both perception and recognition times for detecting
nodules whether superimposed over bony structure or not (p<0.05). ES was superior to CR for detecting nodules with a
diameter of 15mm or less in both perception and recognition times (p<0.05). The scanning lengths in each image was
equivalent or shorter for ES than for CR for both perception (91% of cases) and recognition (88% of cases). Eye position
recording thus revealed the superiority of ES for detecting pulmonary nodules in chest radiographs in perception time,
recognition time and the length of scanning paths analysis. It thus may be concluded that ES is one of the more effective
methods for screening pulmonary nodules.




