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Pulmonary Nodule Detection of Chest Phantom with CRT Images
—Comparison with Conventional Radiography (Film-Screen system) and FCR Hardcopy—

Seizou Magota
Department of Radiology, Nippon Medical School
(Director: Prof. Kin-ichi Ebata)

Research Code No. : 208.1, 500.9

Key Words : Digital radiography, Chest phantom,
Image processing, CRT (monitor) display,
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Conventional Radiography, Fuji Computed Radiography (FCR) hardcopy and CRT images were
evaluated about the detectability of pulmonary nodule using the chest phantom. Conventional and
digitized chest radiographs (FCR) were used, including 45 normal cases and 45 abnormal cases with a
variety pulmonary nodule. Observer performance tests were conducted to compare the effects on
diagnostic accuracy of Conventional Radiography, FCR hardcopy and CRT images, and diagnostic
accuracy was determined with receiver operating characteristic (ROC) analysis. ROC study was
performed in which six radiologists were asked to locate nodule on three modalities. Two CRT
monitors were used to observed CRT images. The left side CRT monitor was divided into two parts
and displayed two images which were done as same image processing as FCR hardcopy. The right side
CRT monitor was divided into four parts and displayed four images as a subsidiary diagnosis. The
upper two images were displayed to diagnose the nodule of cardiac and diaphragmatic area, and lower
two images were displayed to diagnose the nodule of the lung field.

The results were summarized as follows:

1) CRT images were superior in sensitivity (78.5%) to the others, and FCR hardcopys were
superior in specificity (95.9%).

2) About the accuracy of 5 and 8 mm in diameter nodule detection, there was no significant
difference among three modalities.

3) Diagnostic accuracy of 3 mm in diameter nodule detection was significantly greater with
digitized radiographs (FCR 44.4%, CRT images 54.4%) than with conventional radiograph (17.7%).

4) CRT images will have a significant clinical application for nodule detection, since the right
side CRT monitor that displayed four images were useful for nodule detection, especially on the 116
cases (54.7%) in 212 correct cases.
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Fuji Computed Radiography (LLF FCR) ®Bf
Fick b, HF, XREMBECK T, 7o
FNERIBEA T, BRECEST, &5 <F
RENDEESTWD, FORBHIIAL HEXh,
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—75, 19825 1Dwyer 51z X b picture archi-
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Fig. 1 Two images displayed on the left side
CRT. Upper image was processed using as same
method as with left image of FCR hard copy.
Lower image was processed as with right image
of FCR hard copy.
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) 12, G0.8E#1.6+0.00 L2.4 R4R0.5
$210 (GT=E, GA=0.8, GC=1.6, GS=0.0,
RT=R, RE=0.5, RN=4) (B & L, AE/BRE
BHANEEE) 13, G0.9A#1.5—0.20 L2.4 R4
R5.0 S210(GT=A, GA=0.9, GC=1.5, GS=
0.2, RT=R, RE=5.0, RN=4) & L7. CRT
EEERE 2B80CRTR2EAIEN, E4
CRT iz, FCR »~— Fa v —{& L E ALt
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B (GT=A, GA=0.9, GC=1.5, GS=2.0) #
FlrEeiclifrFznr L, AT RN
BRE=3.D%MiLic@EGERR LI, ¥, T
BEM, EACRT LB E& K i #
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300 » 7 AL LTEE L,
() GT: Gradient Type, GC: Gradient
Center, GA : Gradient Angle, GS: Gradient
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Fig. 2 Four images displayed on the right side CRT. The upper two images were
displayed to detect the nodule overlapping with the cardiac and diaphragmatic
area, and the lower two images were displayed to detect the nodule in the lung
field.
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Fig. 3 Work sheet for observation with conventional radiography, FCR
hard copy and CRT images that used in this study

Shift, RT: Responce Type, RE: Responce

Enhancement, RN : Responce Rank*
4, E{&FTEE

TREL, ERIEF 6 ~165FE OB ARRIIAA ¢
v 2 —EREKIER I LIEE LICEH 6 81
X D17 o, FeREEN, BB R S 5 ek
7ol —HEGIR 5 ~15HBEETH -7, Fig. 31
HHERO7 -7 —tRRT.FCR A —Far—
%, CRT ERIB L Ci%, Z¥cERTH - iE
SRR L, M, BroZHb DT, ZHE
# 3 Ll ED b D% true positive & L, FhFho
sensitivity, specificity, F OBz 5 8 &4
PEETEIC A A & Bdodr 5'9Receiver Operating
Characteristic (ROC) #i### BB L7z,

II1. # R

Table 11z, 6f0EMMAOFEERLYRT.
sensitivity (3 CRT & {8 (78.5%) ' specificity
1%, FCR~— Va1 (95.9%) 2{Zd X
T\, Table 2 e — XEDK & X5 (3mm,
5 &£8mm %) I sensitivity 2/ R L7=b D TH 5,
3mm BT I\ T, F-S RidfbBhc b~ LS
EMEZR LA (17.7%), 5 &8mm BRI\ T

FHEICE 8 H25H

Table 1 Results of Sensitivity/Specificity

Analysis
Radiologists ~ F-S system FCR hardcopy CRT
Sensitivity (n=45) '
1 0.644 0.822 0.778
2 0.756 0.711 0.844
3 0.778 0.844 0.933
4 0.667 0.689 0.600
5 0.600 0.733 0.756
] 0.667 0.733 0.800
Average 0.685 0.756 0.785
Specificity (n=45)
1 0.899 0.978 0.822
2 0.822 0.933 0.911
3 0.956 1.000 0.956
4 0.844 1.000 0.956
5 0.800 0.911 0.956
6 0.733 0.933 0.978
Average 0.844 0.959 0.930

i, F-SRERMEbE< (93.9%), FCR~— F =
- (91.1%), CRT Eif%& (90.6%) DIETH -
fo, L Lieiih, EROMCEEXERZLRR
Mote, Table 3ic, BB LB 25, Eiebh B
< BREF, O, BEFREE & H7z % E O sensitivity %,

(63)
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Table 2 Results of Sensitivity Analysis,
according to Size and Modalities

Size/Modalities Average

CRT Eif&in st 5895 7 » v + A [EBEOIFELERE

Table 3 Results of Sensitivity Analysis accord-
ing to Size, Modalities and Location of Nodule

cardiac and

Size/Modalities costal area mid lung

diaphragmatic area
: =90 -
$ Smm 1?(];*y ) § 3mm 0=18 (=18 (n=54)
F-S system -Lie F-S system 11.1% 38.9% 13.0%
FCR hardcopy 4.4 FCR hardcopy 0 77.8 48.1
CRY o CRT 38.9 88.9 8.1
§ 5 8mm (n=180) § 5 Smm (=36 (=36 (n==108)
F-S system 93.9% F-S system 100 % 97.2% 90.7%
FCR hardcopy 91.1 FCR hardcopy 91.7 97.2 90.7
CRT 90.6 CRT 97.2 100 85.2
§ Average (n=270) § Average (n=54) (n=54) (n=162)
F-S system 68.5% F-S system 70.4% 77.8% 64.8%
FCR hardcopy 75.6 FCR hardeopy  61.1 90.7 76.5
CRT 7.5 CRT 77.8 96.3 72.8
Table 4 Rating of 90 cases (6 observers)
Rating
True
Modalities Nodule Definitely Probably  Questionable  Probably Definitely
Status Nodule(—)  Nodule(—) Nodule(+)  Nodule(+)
n (@ 3 4 &) n=270
F-S svstem Nodule(+) 58 27 2 27 156
Y Nodule(—) 158 69 3 30 10
Nodule(+) 64 2 3 24 177
FCR hardcopy Nodule(—) 949 7 1 6 4
Nodule(+) 38 20 4 27 181
CET Nodule(—) 206 45 9 10 0

FhRENEEOKAE L (3mm, 5 &8mm) KR
L,

WE EEREBHITHWT, 5 &8mmEDO L —
AETIL, F-S3%, CRT #Eifg, FCR ~— F a2t —
B D JIE-C sensitivity (X E 25722, 3mmBED b
DT, CRT B HED T <hTWwie, o3
mm EOERE T, FCR ~— Fa & — {8tk
AR T E AR TH - 72, CRT EHITH L
T, 184 76 (38.9%) DMEWI TV 5 A,
D3 B0 54 (71.4%) Tk, Al CRT TBRA
BN IEZ L > T\io, CRT B chiE & &
BB\ T, e S hicd2fidh, GRl
CRT LEFEEMNIERICEIL 7o & Licdh DIiX18
] (42.9%) THot:. FCR ~— Fz2 v —Bick
WL, B S 7233613261 (97.0%) whIE
‘@ﬁ:%fﬁ'@% o) ‘ﬁ:.

Bz s\ T, 3mm, 5 &8mm 4T D sensi-

(64)

tivity ¢, CRT @i, FCR ~— F=2v &, F
-S ZOETRIFTH -7, 5 &8mm FTE, =
FBIFEERRD BRI -7, CRT Bz B\
T, A CRT TEA®EEIFIEZCERE Lt
D526 1661(30.8%), FCR »~— F 2 & — i
BT, 9FIE&B0, AEGNERATH -,
D, BEELoERYBVTIE, FCR ~—F
2 ¢ —{§, CRT HEf, F-SROBETRIFCTH-1
B3, 5 &8mm i3, CRT EH{& 24 b, 3mm
BT, FCR ~— Fav -, CRT @& & $I2[[
¥, F-SRX D @R T, CRTERIKEW
T, 1184748241 (69.5%) » AW CRT LB @R
neeERAThh, FCRA—Fav—ETik
12461012161 (97.6%) P HEHRPBFRTH -1,

ROC &t
Table 4 i3 4{Eo, %7, Table 5%, FEREDIH
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Table 5 Rating, according to Modalities and Location of Nodule
Rating
Location Modalities Definitely Probably  Questionable  Probably Definitely
Nodule(—)  Nodule(—=) Nodule(+)  Nodule(+)
(1) @) (&)) [€))] 6)]
Lung (n=54)
F-S system 9 3 0 6 36
FCR hardcopy 6 0 1 2 45
CRT 1 1 0 5 47
Costal area (n=54)
F-S system 10 6 0 3 35
FCR hardcopy 20 1 0 0 33
CRT 6 6 0 6 36
Cardiac and diaphragmatic
area (n=16
F-S system 39 18 18 85
FCR hardcopy 38 1 2 22 99
CRT 31 13 4 16 98
1.0 ) 10 e
T~ T
Prer P
z % // === z |V °
Q 4 e c ! &
E | zi E i/
g LR g |/
[ / Iy
Yos ROC curves u 0 5/ ROC curves
= (Costal area) (= (Lung)
: :
o g
w W
e E
0 0
0.5 1.0 0.5 1.0

FALSE POSITIVE FRACTION

Fig. 4 Summed ROC curves for six observers in-
dicating the relative accuracies of costal nodule
detection with three modalities.

frplo, HEFHE OFBRTHS, “hiy, £
& Lz 5o ROC iRz kbt (Fig. 4, 5, 6,
7. ROC fEHriz s\ T, 1O, WRIEE 0&ER Y D
BTRXFCR A= Fa v —@REBIFTH-7n,
D DAL & BAFHE T CRT EE» &KL B
HTH -7,
IV. £ 3=

CRT EigIc k1T 3 EREOFEZHEE R, A UE
BTOEBICIS VT FCR »~— Fa — o H»
CRTHf L » bR TV5 LBEI AT 519,

FRLTCEE 8 A25H

(65)

FALSE FPOSITIVE FRACTION

Fig. 5 Summed ROC curves indicating the rela-
tive accuracies of lung field nodule detection with
three modalities.

i, CRT B, HEFRMNE, REKOE, X,
BRHER ERT Y, EBCELE®s L
DT E, ZORELETNTIEBRE LY,

CRT ORI EH 35 & h 51719, Gk
13, MEMEROREFOFEKIZ>\T, CRT
BRI BRI -E T, CRT kT, HBERHE
PELIR®DBZ LKLY, 7404XD % CRT
EEOHFHER T ERELT 5B, LivL,
WAL L b 2K, BEBRICEWT, &FEfi
&« MR I, FEMcBES 2o, B
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ROC curves

(Cardiac and
Diaphragmatic area)

0.5 /

TRUE POSITIVE FRACTION

0 0.5
FALSE POSITIVE FRACTION

1.0

Fig. 6 Summed ROC curves indicating the rela-
tive accuracies of cardiac and diaphragmatic
nodule detection with three modalities.

T =
o
T _
25 /,,'F‘ 1)

L ’/

& /64'?0/
g ¥
-2
w 7 ROC curves
20“5 (average)
= /
7]
o
i
w
>
[
=
0 05 10

FALSE POSITIVE FRACTION

Fig. 7 Summed ROC curves with three modalities
averaged over the location of the nodule.
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