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The Evaluation of Digital X-ray Images on CRT Monitor Display
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Department of Radiology, Nagoya University School of Medicine
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We have described fundamental and clinical evaluation of displayed images on CRT.

In fundamental study Funk chart and Burger’s phantom were photographed using both
conventional radiography and computed ragiography (FCR). Conventional images were digitized using
film-digitizer and displayed on the monitor of total digital imaging system, TDF-500AS. FCR images
were also displayed on the monitor. And both images were compared. The results were summarized as
follows.

1) In resolution power using Funk chart, there was no significant difference between digitized
conventional film images and FCR images on the CRT (2.58 Ip/mm). However, conventional film
images were superior in resolution to both monitor images (3.93 1p/mm).

2) In the visibility using Burger’s phantom digitized conventional film images on the monitor
was improved by image processing like as contrast-enhancement, spatial frequency enhancement and
optical magnification and approched to that of conventional film images. On the other hand there was
no significant difference between FCR film images and FCR monitor images.

In clinical study we compared FCR film images to FCR monitor images using the ROC analysis of
the detectability of abnormal shadows of the lung by three experienced radiologists.

Average ROC curves showed slight superiority of FCR film images to FCR monitor images.
However, the ROC curve of FCR monitor images was superior to that of FCR film in one observer who
was familiar to the monitor viewing of TDF-500AS. Monitor images will take the place of film images,
though further technical advancements of the system, for example more precise pixel slize, digital
storage and transport of images are required.

w F 7 4 AEERY AV WT, CRT BigRRic T 5
AA—ovrFv—rERHvwikavea—2%53 BB HRTTEE S Tn o 7,
CHIF 74 —DRRP, FOEA4FADICY D Zm@, CRT & & 7 4 & AEfE & 2 LB O

RO X7 4+ L AEED T 2 AT, BRI L, CRT Bific X 5 2o ER{Lo
(86) AAERSE 5548% H8%H



P 2z 24

Fig. 1 A digital radiograph of Funk chart No.
32577 (A), No. 6059 (B)
A is parallel to the scanning line,
B is vertical to the scanning line.

Fig. 2 A radiograph of Burger’'s phantom (convex
type). The rods in each horizontal column are
equal in thickness but vary in diameter between
8mm and 1mm in 15 steps of 0.5mm, those in each
vertical diameter but vary in thickness between 8
mm and Imm in 15 steps of 0.5mm.
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Fig. 3 A radiograph of Burger's phantom (con-
cave type) The holes in each horizontal colurnn
are equal in depth but vary in diameter between
8mm and 1mm in 15 steps of 0. 5mm, those in each
vertical diameter but vary in depth between 8mm
and Imm in 15 steps of (.5mm.

Table 1 Exposure factors of Test chart and
Burger's phantom

1) Test chart (Funk No 6059. No 32577)
FFD 120cm, 80kVp, 50mA, 0.1s
focal spot X-ray tube ; lmm X 1mm
film size : 25.4 %30.5cm (Fuji NIF RX)
intensifying screen : Fuji RX high screen standard
Imaging plate ; 25.2>30.3cm (CR)
2) Burger’s phantom
1. conventional film
a) FFD 120cm, 80kVp, 50mA, 0.13s
b) FFD 120cm, 80kVp, 50mA, 0.10s
film size ; 25.4%30.5cm (Fuji NIF RX)
intensifying screen .
Fuji RX high screen standard
2. FCR
a) FFD 120cm, 80kVp, 50m4, 0.10s
b) FFD 120cm, 80kVp, 10mA, 0.07s
Imaging plate ; 25.2>30.3cm
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1,536 K TH B, CHIZI VKD 7 4 L 2% F o
2AFANERT 22 LEG{LL T, CRT @& L
THZETE %, FCR 12 TDF-500AS &5 4+ = 2
ZNLTEHRINTED, FCR icoWTh, CRT
b, EHEAR, BEBLAE KiE A-3vs
FETO L VEROEBY FHEE&LT R
BT&5,

1) EREA

EE O LB, BB YR HTT v 2
DT AFF v — 1+ No. 6059& No. 32577% % 7=,
RESBEYZ5 BT, A—F—77v b A
B, Mo 28EEL i,
BOA—=H—=77 v ABRGEED 7 4 L ATERY
L, TDF-500AS @ 7 4 v A F 2 & A 4 CHE{E A
B, 740 28L CRT Eif & 2B LT, 2724
A=V 7TV b EAWTCEEOF + — F2F
BRICEBZ L FCR 7 4 A & &, 20 CRT &1z
WTHEB L (Fig. 1, 2, 3).
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TEST CHART (on CRT)
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L: longitudinal
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Fig. 4 Relationship between resolution power and
optical magnification ratio obtained by using
FUNK chart on the CRT,

Comparison between digitized conventional
images and FCR images on the CRT.

In resclution power there was no significant
difference between the both images (2.581p/mm).
T; T is parallel to the scanning line. L; L is
vertical to the scanning line.
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ik, #2.09lp/mm, #2.581P/mm CTH b, EFE
t~A&$ﬁ&ﬁﬂL% , T ORBHIHL
. —7 FCR @ CRT ®ifgofi#f g, X—31v

rﬂﬁ&ﬁﬁbﬁn% , CRT oEEHOID
#E1.111p/mm, #1.52lp/mm & H{b L7cas, K
THIREVHE S h, R ERRC, 2.58
Ip/mm C—E & t-7 (Fig. 4), FicFig. 41
73S, CRT ECiE, 248 4 FADLIREE
D7+ A xEFCR EDICE, BEDELT
1%, AEhERREDLbhh-T,
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D74 VBB ETCEA4AF—TATLL
CRT g & o tb#r T, BEEAEY L kv
CRT & T8 b oo £ O GBI L, #
Plgg1x % L= (Fig. 5 ME 7 7 v + 2 DHE).
CRT E{& b KB & 0z % L #AIRE &3
ZIhie, LrLERALEYINZ=2Y PS5 A R
S TRhiE CRT LTo@#flEzdEzh, 7
4 NV ADFRIZES I (Fig. 6), M7 7 v b
AIZoWT S, ZERBEORE -7, BEHAL
BoiEir, Mok ERSAR bR,

FCR 7 4 & &f#{& & FCR @ CRT & T3,

CONVENTIONAL
FILM.vs.CRT (Concave)

4 B80kv, 50mA, 013s ~— FILM
' —— CRT
E 80ky, 50mA, 01s - CRT(rmagnification)
E 3
I
o
3 2

1 2 3 4 5
diameter(mm)

Fig. 5 Comparison of the visibility between the

conventional radiograph and its digitized image
on the CRT using Burger’s phantom (concave
type)
The conventional image was superior to the
digitized monitor, although the monitor image
was improved by optical magnification. Diame-
ter ; diameter of the holes (1~8mm, step of 0.5
mm), Depth ; depth of the holes (1~8mm, step of
0.5mm)
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D, A=F—77 v anB&% CRT @& LT,
HEFEET 5 LEFIGEILE < I B, MEFEMIEE
g -7 (Fig. 8).

3) ROC f##fic X % BRHSHm
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DOFIBIR T, Zhic LT CRTBEO &

5 CONVENTIONAL
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Fig. 6 Comparison of the visibility between the

conventional radiograph and its digitized image
on the CRT using Burger’s phantorn (concave
type)
The visibility of the monitor image was im-
proved by contrast-enhancement processing and
approched to that of the conventional radio-
graph.

CR
9 FILM.vs.CRT (Concave)
y —FILM
1N CRT

i
/ &0ky, 50mA, 01s,

E,
E 7 80kv,10mA, 007s
i =
a / \/ /
% =
'\i
1 2 3 4 5 6

diameter(mm)
Fig. 7 Comparison of the visibility between FCR
film image and FCR monitor image There was no
significant difference between the both images.
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CRT (Convex)
—— control
4 80kv, 50mA, 01s - reversal
-----contrast

80kv, 10mA, 00%

thickness (mm)
L]

YARY E

—— Tl
- -
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S

diameter(mm)

1 .2 3 4 5 6

Fig. 8 Comparison of the visibility between FCR
film image and FCR monitor image (convex

type)

The visibility was improved a little
mode and more improved by con
cement processing.

by reversal
trast-enhan-

control ; image near to conventional film, con-
trast; contrast-enhancement processing, rever-
sal ; reversal mode, Diameter ; diameter of the

colums (1~8mm, step of 0.5mm),

Thickness ;

thickness of the colums (1~8mm, step of 0.5mm)

ROC curve (Observer

A)

10 ISR
—
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205
.
0
0 05
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Fig. 9 ROC curve of the observer A, who was
familiar to the monitor disply of TDF-500A

The ROC curve of monitor image wa

s superior to

that of FCR film image in the detectability of

abnormal shadows.

BRofEci (Fig. 10, 11) 7 4/
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10 ROC curve (Observer B)

T
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Fig. 10 ROC curve of the cbserver B

ROC curve (Observer C)

et

//fy
:
- — FILM
a 05 ---- CRT
—_
0 0 05 0
FPR

Fig. 11 ROC curve of the observer

The observers, A and B were unfamiliar to the
monitor display of TDF-500A, The ROC curves of
FCR film image of them were superior to them of

monitor.
AVERAGE ROCcurve
‘|_0[ E——
ox
'C_LC'.S — FILM
----- CRT
0 .
0 05 10
FPR

Fig. 12 Average ROC curves

Average ROC curves showed slight superiority of

FCR film image to FCR monitor image.
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Fig. 13A, B, C,D,E,F Chest images of a metastatic lung caner patient from the

cervical cancer of the uterus

A; FCR film image processed near to conventional film image, B; FCR film
image with slight contrast-enhancement and middle frequency enhancement
The pulmonary vessels and nodules under the heart image are easily visible

comparing with A.

C; FCR monitor image similar to A, D; FCR monitor image with slight
contrast-enhancement and lower frequency enhancement processing, E; FCR
monitor image with slight contrast-enhancement and higher frequency enhance-
ment processing, F; FCR monitor image with reversal mode

There is no significant difference between film and monitor images. On reversal
image F, pulmonary nodules are more clearly visible than on C.

DEA IS AT 25 & L BWEAEHETH S, 46
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