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Computed Radiography in X-ray Examination
of Stomach : Evaluation by Phantom
Experiments and Clinical Studies

Minoru Murakami

The usefulness and clinical applicability of computed
radiography (FCR) in X-ray examination of the stomach
were evaluated in comparison with film-screen (FS)
radiography by both phantom experiments and clinical
studies. Receiver operating characteristic (ROC) curve
analysis consisting of 25 normal and 25 artificially created
simulated lesions on an orginally created Styrofoam
phantom showed no difference in lesion detectability
between FCR and FS radiography. Both were also equal in
evaluation of the internal structure and margin of the 25
lesions by visual ranking. ROC curve analysis of clinical
cases was performed in 30 cases, 20 normal and 10
abnormal, while evaluation by visual ranking was performed
on 18 lesions. There was no significant difference between
FCR and FS radiography either with ROC curve analysis or
visual ranking, although the variations were somewhat
greater in the clinical cases than in the phantom studies.

I conclude that FCR is equal to FS radiography in X-ray
examination of the stomach regarding both the detectability
and visual conspicuity of the lesion. In view of the other
advantages of FCR, it can safely replace conventional FS
radiography in X-ray examination of the stomach.
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HE DI L25SH, WED D2sHERET L. Btk
LD 7 4V LZEREERZE, RBMYEREDOMS TR 7 4
Wiz BREE IR T ARENERERETH
L%, HBMMERETHL P, BEIPFLFRNTRHRELZLD
TANAEREDYDO 74 VAOKRIIF L TCHB L%
HoHLOHSE7z, FCRTI 2 BifgFR% VA EIZ
TEE& % RECIR L, WEOHEICOWTRAIICHE
Sz BRI D74 IVADNEFE 7 4 VAICES 2T
ELBERICHE - TIUR L2, MG 5 BEEEFAT & L, 1. FEE
WCIREIRFIEL 2V, 2. BELRERFELEZY, 3.
ELLEBFEZR, 4, BEL REVHEET A, 5.
FEITRESHFET D, OWTFRPICHESE:. HFEOH
TR, WEICEUENR DR S W waEHICDE %
PR ENLEERSmmOMFEEE Lz, 77 b ADDE
HEN) S ADAFELENTERT VORIl
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Fig.1 A simulated
double contrast im-
age of stornach with-
out lesion

(A) minimally pro-
cessed image of
FCR, (B)heavily pro-
cessed image of
FCR, (C)FS system
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Fig.2 A simulated double contrast image of stomach with
elevated lesion (arrow)

(A)minimally processed image of FCR, (B)heavily processed
image of FCR, (C)FS system

Fig.3 A simulated
double contrast im-
age of stomach with
depressed lesion
(arrow)

(A) minimally pro-
cessed image of
FCR, (B)heavily pro-
cessed image of
FCR, (C)FS system

FH.74E8H25H 27
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(b) MEWZT > F 7

WENT 32 Fi220TIREEMSRE, RMMEREZ
NEN2SFNIDOVTIREDER, IEFHO B /DAL &
REHRONE R DE Y, B L UBERAFCR EFSED &t
LAENTWADIIOWTEHi S €, MEHI W74
VLT —EIIROCHHT ICH Wb D LRI Th L. B2
TANAIZD2WTOHEHEB L PEGRERIFA—Td
5.
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b DIZDVTIEZDFRAL % KEN TR L2,

BET DL, 1. FCROLGHEHS @S, 2. FCRD
Jis R #%, 3. FCREFSHEEIZER R, 4. FSEDHH
RRED, 5. FSEOHHHS DIEL OSBRI T/T -
=,

B X#CR

4. % ii

(a) ROCHHHT

CORRE S LICROCHMZH &, ROCHIK T DOEFT
ZHTREOFHE 21T - 72. ROCHIFIIMetz®ROC FIT % i
L CYERE L7z, #isEldHanley & D 5T o 7219

6 NEB A LR TIE, BB N 7 A DBEE, M
HiwZe, BEEREIZIIDLT, TXTOBREITBNT
FCROFHESE & W &FT LR AEABR SN, LarLe
FEDR S NI-DIZ200W/V%TREE/ ) 7 5% FHWTHFo 72
B MR DRRET DA Tdh - 72 (Fig. 4, Table 1~4),
ROTEBREBICEID I V=T AP V=T C D3 ¥
=T I 2 A 7

TV —T7AHRBSHREFESORET HHME, 7L —
7 B I HABUHREF2ORET » HMERE—KABE
&, FV—7 Cla—RRABRZB®EL L2, 7V —T5
DRI TIX, 7 Vv—"7 B ®200W/V %/ N1 %7 & % FwT
1T o EEREMERE DR THRE IR ) 23 - 72728, ROC
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(B)

(D)

Fig.4 ROC curve for FCR and FS system of phantom experiments. Each curve is the avarage for all six observers.
(A)simulated elevated lesion using 200% W/V BaSOs, (B)simulated depressed lesion using 200% W/V BaSOx, (C)simulated elevated le-
sion using 145% W/V BaSOs, (D)simulated depressed lesion using 145% W/V BaSOs

28

HARBEM&RE £55% 95



it

E

Table 1 Area under ROC curve and S.D. in phantorn experiments, all observer
area (S.D.)
contrast media/lesion
FCR FS system

200 (W/V%) /elevated lesion*®
200 (W/V%) /depressed lesion

145 (W/V%) /elevated lesion

0.919 (0.018)
0.776 (0.029)

0.916 (0.019)

0.858 (0.026)
0.756 (0.029)

0.909 (0.020)

o8 655
Table 3 Area under ROC curve and S.D. in phantom experiments, group B
g (5
contrast media/lesion rea,(5.0)
FCR FS system
200 (W/V%) /elevated lesion 0.896 (0.042) ————

200 (W/V%) /depressed lesion 0.743 (0.060) 0.782 (0.050)

145 (WIV%) /elevated lesion
145 (WIV%) /depressed lesion

0.940 (0.027)
0.882 (0.038)

0.916 (0.033)
0.890 (0.035)

Table 4 Area under ROC curve and S.D. in phantom experiments, group C

145 (W/V%) /depressed lesion 0.885 (0.020) 0.868 (0.022)
#:P<0.05
Table 2 Area under ROC curve and S.D. in phantom experiments, group A
r D,
contrast media/lesion FCFla sal(s Fé system
200 (W/V%) /elevated lesion* 0.924 (0.031) 0.809 (0.051)
200 (W/V%) /depressed lesion* 0.805 (0.048) 0.688 (0.056)
145 (W/V%) /eleveted lesion 0.921 (0.035)  0.906 (0.039)

145 (W/V%) /depressed lesion 0.900 (0.035) 0.947 (0.025)

*:P<0.05

A THETE kd oz, AEENRONDIZY
V—"T7" A D200W/V %HiEE/ ) 7 A% T o 7ol
2, MEMIMHRZEOKE T, & L ICFCROFED L v
HRTHo /.

(b) HEWT v F 7

BENT ¥ 07131 AP REREETRE L. ¥
ETHRDED o -DIFBER, KEMEIKE b ICFCR L FSEEIC
EI Ve TEHDTH-72(Table 5, 6). FROHETIZ
FCROFDRREES L) HIENE L, REDHERFEE
MhHbHbDOHNEhNo7:. LA L, FCREFSEICHS P ICE
DD L) FHIIIER, EEMEIKRE DI % L, &0
3.75%IT Ehoiz. HENT V¥ 713612 BARBE
BEZEOAET L EMEL HABHHEFZEEDEET 5
BMERE—RABREHEED 2 IV —TIH T THRE L2
DRIBEDER T - 7=,

area (8.D.)
FCR

contrast media/lesion

FS system

200 (W/V9%) /elevated lesion
200 (W/V%) /depressed lesion

0.956 (0.022)
0.800 (0.050)

0.883 (0.040)
0.801 (0.048)

145 (W/V%) /elevated lesion
145 (W/V%) /depressed lesion

0.916 (0.035)
0.802 (0.048)

0.900 (0.036)
0.897 (0.032)
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1. BEEESLURE
XA EE, film, BB, A A=Y 77L—F, Hb
BUEIZT 7 >~ b AEBREF—DEHETITo 7. KGO
FEBITIX145W/V %R Y1) 7 2 % —Ef D A200W/V % Bk
N LW, BEEE 77 FAEBREFLEL 7
4V LEERRIPEREIZ120em T, DT O&GTHRELZ:. BE
1384 ~90kV, Eifti3320~400mA, BEGEEEIZ, 7+ b ¥
A<= HVWTABRAS CITo7%. 74 F AT DRE
77 b AEBREF—E L7z, ROCHHTIZAWIZRERIT
13, FSIETIVF - O LEHLEXIRE 217V, s
ICHEMLES 1 FULM, WEMLIEE S 2 LIckT CIlcE
NENOHALTFCR T O 4B L7z, FCRIZ7 7 >~ b
LERRE FREIC 2 BifGERR E L. BRI, Bk
b7 7 PAEREFLTHA., HENT F 0 7ITH
T-RERINE, FHERRAL OB

Table 5 Subjective visual comparison of phantom experiments, internal structure THL/EFL (R Eh
contrast media/lesion FCRYFS system FCR > FSsystem FCR=FS system FCR < FS system FCRFS system TV B HHTFCR L FSiE
P— OWERITo72. ARy b
200 (W) /elevated lesion 0 20 116 14 0 B <
200 (WN%) /depressed lesion 1 31 107 6 5 Wi AT > THEBINS <,
s FCREFSHED ENEFND
145 (W/V74) lelevated lesion 7 32 92 19 0 s X g < 4=
145 (W/V%) /depressed lesion 3 33 104 10 0 D & & IARNAIREAT

Wy, JRZSICN A R KL

FCR2>FS system ; FCR is obviously superior to FS system
FCR > FS system ; FCR is reasonably superior to FS system
FCR = FS system ; FCR is equal to FS system

FCR < FS system ; FS system is reasonably superior to FCR
FCR<FS system ; FS system is obviously superior to FCR

fi% S THIEEIT o 72,
FCR? [ {% 7R IZROCHE
& F— L L7z (Fig. 5).
2. BRERGIOAER

Table 6 Subjective visual comparison of phantom experiments, margin

contrast media/lesion

FCR®FS system FCR > FS system FCR=FS system FCR < FS system FCR&FS system*

200 (W/V25) /elevated lesion 2 55 91
200 (W/V%) /depressed lesion 4 30 99
145 (W/V%) /elevated lesion 15 62 64
145 (W/V%) /depressed lesion 4 57 81

#: Legend same as in Table 5

ER7#8H25H

(a) ROCH##T

Wit L7ciEplE, W%
2 0 Ay abo106, WED
13 4 v D205 5 F30811C
o 0 DWTITHE DA % 5 &

8 0 M AR
WEEETH10B801E&
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69W%, Ic+ I 195%, Ma 29W%, Ib +Ila 196%, 1+1al
%%, Borrmann 2%! 19525, Borrmann3%! 39578, NcEIHEST
i 3WETH L. GEREEM 6B, sm5 B, pm2 6, ss5
BIT, B L1450, RSB 4BITHD. TCF
WMEMATSNIHTH Y, WIRE, FEE, BMOSLEN
HRINIHBDTHD., FMEALGH L TREOERGEH
PEREMRE L HHTETVWETANVAT, LBHPOT
EHMYFCREFSETRH—DIRETLLNRTWA b D%
UER L 7=,

3. ¥IEDHZE
(a) ROCHEAT

WEDHE L7 7 v b LAEBREF L 5 BREEHETITH
iz, g IXEINGLE 1 Mg, WEMLERZD 2 Hop 7
AV A% FREICIRR L CER Z L IREOFEL Ml S ¢
72, HITERIZ145W/V %hiEE 1) 7 4% IV 7-ROCHEHT & [F]
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Fig.5 A case of Ilctype early gas-
tric cancer (prone double contrast
view)

(A)minimally processed image of
FCR, (B)heavily processed image
of FCR, (C)FS system

—Thb., 2B, HHREGIZOWTIIHEIC KM HE &
PR EOM G ENAZ L 2B o LoHMoE7-,
(b) BET v
BEAEEAEE, EEE0 B HEE & RO PSR &
WASFCR EFSED EH L MBEN TV A D IC DWW TEHi £ &
2. YT AWEDHERE, FEE, KESIIOoVWTiEHS
PLOMLE, HEFIITT7 v PAEBROEHEN T v F
YIOHEHE LR —TdHA.

MEOFEZ 77 P AEREFU < 5 BB TT-
1z
4. & H

(a) ROCHEHT

6 NEBZBE LIERTIE, REOREREIEZ 7~ M A
B L [ C (FCROGHFSHE L ) #TF LR AEAAR S h
7255, FEEIRSWLh o7 (Fig. 6, Table 7). 6 A%
BEMICEIN I N —TIIHT TR LTHAETZEIRS
Nihoi,

b) HEHFT VX7

BREIEX7 7 ¥ PAEBREF L < 1 3B lie s T
o7z, BIRENZBIT 5T COFCR EFSEIZER Vv T
BYEI DS D o7z (Table 8). MEDREE, HEZIIH
HONGMPolzds, FCREFSEICHLPREN DD LT 5
LOITEEDI11% L 77~ P AEERL ) ESWEE B -
7z, COMHENE 7V - TRNICIRET L7254 b ARk R T
Hotz,

% =

FCR DL EXHEE~DIBHIZDWTIZ, FiREICBIT
LIEIHRASINEY, FOFMI T ML IRA TV
v,

FCR Tl BIE 2 &2 X ) BANR & YOS
WREDODFEL LRFA S NLZ LICE Y, WEOFEHI &
NESICRAITEEDH L. ZhI TORREIEHV-#H
HTIE, B INTREICH L THREDEIRZH#IED 5
EIEEBEDEBSTIEI ) DL I BEPERTDH
H. LalL, BRQAIEICXYEEYSET S L& DHEE
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LT LOABIT A b O TId R L, EEREICL ) IER
HEMREL L LA A I LbFEZ NS, HEDOK
HEEBAIZOG IR T+ 208D 5. FCROELEXH
BRENDIGAICY TR, ZOX) LEIIOVTHHED
OLLEND 5.
FBERFITOREBTIX, A—D7 1)V 4% v THEK
L&D TN ENTVESD, HLEXEREICBW
TIIFCR EFSER B4 I L, F—DO&HED 74 VA%
BrZ LY. &I EEELEXBIREOBE AR, 1
Bl O Z & AMFREIEDLE R Z L, BHROGWO
o1 ETEIIN) T L EfESELLENH L. FCRE
FSEDWE % FBFIAT) L4 A—=T 77— b 2R
ELTREATAZ L L VEERAELE. ZD®, FCR
L FSHEED R 72 B A BRIRBITITH T L 3 TH 5.
FCRAFSENAD o TLEHLEXREIHERTE 25
BDEHPOH7:0121F, WHET ERCEBREDS % HiE
THETAZLPLETHE. FOLDIZIEI 77 P oa%
BB FITbhsRETHE. LEHILEXHRE
BHEOWRSOI-OO 77 bAELT, BOBEBWI-#Ht
M7y bR=VERWZREY, ¥£5F 2RV
WHBHEH, ML SN bDTIEEw, 2, TheD7 7
Y PAERWHERTY, SLUREORIAEEZRE L2k
HER LMW,

4H, EEECEXSEREOEELEEIFEBOKE T
HbH. TOLDIEZEEVEOREIKRE L, BHRD
By " EHEPETHRETAZLPULETH A, FCRIFS
Bl b o THETOBRALTREIED ZHEID D010
13, “E#EETOENOREOREEOKRITVLE L
EZbNb,
SEERLABEAAFO—-VERVET 72 A, N
VI AEBRDLZLIZE o THRERPITOZERLICELL
RiREELZ EICHTILE:, Thbb, 77 FAKED
BICBTE SN T A0OBRIE _EEREETRONE B/
RIZEBLTBY, 2052IERL5SmmDRER, &
FDRIBAFO— N EN) I AONEFREDLERD L L
ERRME LT 720 LE B LI Y LADORE
WELTHEN: 077 Fa®HAVEERTIZ, FCR
EFSETHR—OFEMTIRESNTEY, WH % IEMHICHE
THILEDURETH o7z, SEORF TRERENOKE &
5mmé& L7z2DiE, /NBROEZE I SmmLL T OB TH
D, Smm®F/NXOREZ BT X TR EHORE &
V) FEREEEXSIREO B2 ERTE 5 LEZ b hizh

Table 8 Subjective visual comparison of clinical cases

1r I
'.,,.-.|—<---""""'r
i
= ff/
(o] /“’
= /
&) /
< 7
P /
L
w
>
E
3 —— FCR
o
s f -
2 - FS system
'—
0 1
FALSE POSITIVE FRACTION

Fig.6 ROC curve for FCR and FS system of clinical case.

Table 7 Area under ROC curve and S.D. in clinical cases

area (S.D.)
observer
FCR FS system
all observer 0.825 (0.035)  0.816 (0.036)
group A 0.893 (0.048)  0.891 (0.056)
group B 0.863 (0.052)  0.812 (0.068)
group C 0.744 (0.076)  0.775 (0.069)
LTH5b.

RZE OB % 5§ 5 729 ICROCHIE % # X # O TR
TR %172 7245, FCROFIPIHREDH I OWTIELL
FHIlY 2EMAR SNz, BEEDND - 1-O1Z200W/V % i
/N1 7 A DT T o 12 IEREREDEEETH o 1278,
D EHEBFCROFDVIREDEFEIZOWTIE L FHliT 2%
bDTHol:. TDXHIZT77 v P AEBROERTIX, &
% LLFCRICE o TRWTREMMET 4 Z Lidied o 7.

BRRBIIC BT SWEDRHEBEORH TH, FELERR
Loz,

72, BN XL ARETIE, 77y FAE
BRICBITBEROHETFCRAVES L W HENS L FE
=R ohIz, 77 v b AER, BREICBIARE LD
CFASLEE THE ETHHEIRDE o7, TOFR
b, Ak ESFCRAFSEL B Z Lidhhol. L
L, BRBICBI A TIE, 77> FPAEREENRT
[1. FCROE DS A IS ], [5. FSEOHHHH L HI2HF
BIEVHTEICHLILENH L L VHHEIELRON
7o, IR, BEFEBIOWME T,
Fl—®7 4 VARBAEN RS

FCR»FS system FCR > FS system FCR=FS system FCR < FS system FCR&FS system*

NThH, Fo/L{F—D71NVA
2185 LOHEER D EEZS

internal structure 8 14 61

margin 9 27 52

s na.
BB OB T, AEHRRE L7
4 5B (Fig. 5) 3BT Y ¥ 7D

*# : Legend same as in Table 5

R 748 A25H

BRI BT 5D & AT EEED
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MEEORMEOENTH L, ZOEFATIIEZLDTH—O
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E7 77 P AEBREFERLRERTHY, FSEICHELI LI
otz

] B

FCRD BEXAMREZ BT HEHELHELO 5720, FiA
FO—=NERWIZT7 7 7 P AERB X ORRREIC X 2405
2TV, ROBEREEET.

1. 77 ¥ b AEBRIZBITAROCHITIC X BIFEDOKHIEE
DOKETTIE, FCREFSETIRZA%S Tho7-. BHEWS ~
F U7X BEHIETHIREDOEER, HEOWIHEIRE 12
FCREFSETIIZFAEL T 00K E o172,

2. ERBICBWTS, ROCHITIC X AREDOME DK
FICIIFCREFSEICATEIIR O N o7 HENT
UL BEHETIE, 77 v AEREEBIOREOLE

F, WEONEMEIRE L ICFCR EFSETIZIZMAS : 42 3
DOFEbDEhorz. LrL, BERETIE7 7~ b AEEIC
HEARTEMOIES 2 X9 S h oz,

3. 77 ¥ b AERBLUEKRAICBIT B L b IORE
DIRHEEZ b IR 2 RE OB X D55 T, FCRIIFS
HEEEFETHLILEMEIOL ZENTE:,

FCRII BXHMBRAECRSEI b o THE S TRIEL W &
fEamshs,

WERABIZYY, KO S, TREEWEn
HEFEBERI I BUHR Sa s rh B AR 12 REhL - LT
F 7, MRS T v A 2 2 R R S B D A S
ILEASSIGRERT, FRAIFEEM, BHEAEER, WAREERER, o+
NTRERER, 3ERMER, PFTmiEa, MBEMZEER, S5
SRR, WA S 2 iR o R AT, AR — e,
HFRAEE, FEHLEIZZTBE Wi i EEER AR
A 2 SERN TSN, FERIERICBRE WAt
MALHEVRELSA, FREBFIAICEBILB L LFE
T,

$7z, ROCHIEDIERIZ472 ), ROCFIT 2l &€ Twi:
72n7-Z & % Dr. Metz (ZIE S BFLEE L BT 4.

ABFED—EFILEE 52 [0 B AR EZE AR S-S (1993, HEE) 12
BWTHEHELE,

X [

1) ZNE R — o g0 B X #RR 5 1 B 1F A FCR (Fuji Computed
Radiography) D E{ZEH ; 2880 B L URRRAVRET. HAE
M&EE 50 :1485-1498, 1990

2) Schaefer CM, Greene R, Oestmann JW, et al : Digital storage
phosphor imaging versus conventional film radiography in CT-
documented chest disease. Radiology 174 : 207-210, 1990

3) RIRZE—RE, WEREME, RIFE, b MEEEcB) 22
YEa—F v N FVFT 774 —(CR)DERMKICHET 2R
#. BAEREEE 53:655-666, 1993

4) Thaete FL, Fuhrman CR, Oliver JH, et al : Digital radiography
and conventional imaging of the chest ; a comparison observer
performance. AJR 162 : 575-581, 1994

5) Wilson AJ, Mann FA, Murphy WA Jr, et al : Photostimulable
phosphor digital radiography of the extremities ; diagnostic ac-
curacy compared with conventional radiography. AJR 157 : 533-
538, 1991

6) Murphey MD, Quale JL, Martin NL, et al : Computed radiogra-
phy in musculoskeletal imaging ; state of the art. AJR 158 : 19-
27,1992

7) i FIERRTIC B ACRY VST 7 1 DA RMEICH
T LM% CRET A WAAY ) — Y REDH. BRERS
ik 51 :547-560, 1991

8) IAAHEL, GHEEY, ENEE, i FEBWNCBIIHCRD
el BRI 37 :221-229, 1992

9) Higashida Y, Moribe N, Morita K, et al : Detection of subtle
microcalcifications ; comparison of computed radiography and
screen-film mammography. Radiology 183 : 483-486, 1992

10) INEGES:, #IF %, Bl 4, 1 CRRBRELE. EFEK

32

SH8E 35 11329-1333, 1990

11) AN —, AR ILE. B BERE C BORESE R

HeH#sS © 200-212, 1988, HlIESE, #I

12) Unayama F : Upper gastrointestinal tract. (In)Tateno Y, Iinuma
T, Takano M ed : Computed Radiography. 1st ed : 85-94, 1987,
Springer-Verlag, Tokyo

13) Steiner E, Mueller PR, Hahn PF, et al : Digital videofluorography
for direct digital spot filming of gastrointestinal studies.
Gastrointest Radiol 14 : 193-201, 1989

14) Feczko PJ, Ackerman LV, Kastan DJ, et al : Digital radiogra-
phy of the gastrointestinal tract. Gastrointest Radiol 13 : 191-
196, 1988

15) Metz CE : ROC methodology in radiologic imaging. Invest Radiol
21:720-733, 1986

16) Hanley JA, McNeil BJ : A method of comparing the areas un-
der receiver operating characteristic curves derived from the same
cases. Radiology 148 : 839-843, 1983

17) Virkkunen P, Retulainen M : A new method for studying barium
sulphate contrast media in vitro ; some factors contributing to
the visualization of areae gastricae. Brit J Radiol 53 : 765-769,
1980

18) Gelfand DW : High density, low viscosity barium for fine mu-
cosal detail on double-contrast upper gastrointestinal examina-
tions. AJR 130 : 831-833, 1978

19) HE %D &, FRHZER, FREMS, i 5 LV miEmg
)Y ADFBECOWT ; ERIEOEREIRE & AT &
DHBL BZFHR 23 :453-457, 1991

HAERERRE $£55% H9%5



