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Effect of Digital Image Processing on Radiographic
Interpretation Of Pneumoconiosis
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Fuji Computed Radiography (FCT) is a newly developed digital radiography which has a potential
capability of replacing conventional radiography. In order to evaluate the applicability of the FCR
system for radiographic diagnosis of pneumoconiosis, the present study has been undertaken. As the
first step, an investigation has been made on the fact that the diagnostic accuracy of pneumoconiosis
radiograph might be influenced by the reduction of film size and image processing methods.

The ILO standard films and test films selected from training film of pneumoconiosis in U.S.A. were
digitized by using a drum scanner. Digitized images were processed with the several contrast and spatial
frequency characteristics which were similar to those employed in FCR system, and finally written
optically onto X-ray film in reduced size using a drum scanner.

Two steps of experiments on interpretation for the radiograph of pneumoconiosis were performed.
In the first step, the ILO standard films were processed in various ways and four methods of image
processing were chosen which were suitable for the diagnosis of pneumoconiosis. The second step was
performed to read the radiographs which were processed with the methods determined in the first ex-
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periment. In this step, the test films of reduced size were processed with the four different methods and
diagnosed by comparing with both the original and the processed (also reduced size) ILO standard films.

From these experiments, it is concluded that diagnosis of pneumoconiosis can be made by the
processed film of reduced size (1/2 in length) with the same accuracy as the original films. Thus, the FCR
system may be utilized for the radiographic diagnosis of pneumoconiosis.
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Fig. 1 Example of an original film compared with two processed films of
reduced size of the same patient. Silicosis with 1/1 in profusion and p/p in shape
and size of small opacities. An original full-size film is shown on the left. On the

right, the two processed films are shown.
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Table 1 Image processing methods employed for
ILO standard films in pre-experiment I

Number of
Processing W rank BE
method
i 1.0
ii 1.0 4 0.25
iii 1.0 4 0.50
iv 1.0 4 0.80
v 1.0 2 0.25
vi 1.0 2 0.50
vii 1.0 2 0.80
viii 0.85
ix 0.85 4 0.25
x 0.85 4 0.50
xi 0.85 4 0.80
xii 0.85 2 0.25
xiii 0.85 2 0.50
xiv 0.85 2 0.80
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Table 2 Image processing methods for ILO
standard films which are selected from the pre-
experiment I and used in pre-experiment II

Number ¥ rank BE
(€] 1.0
@ 1.0 4 0.50
3 1.0 2 0.25
(4) 0.85
(5) 0.85 4 0.50
(6 0.85 2 0.25
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Experiment 1

]_[:

compare >———

original test film
(26 films)

original ILO result
standard film(17 films)

Experiment 2

EE—

ompare>———1

reduced ILO processed &

standard film(17 films) reduced fest film
result (4 processing x 26 =104)
Experiment 3
Compare™>—

Ji processed &
original  ILO result reduced lest film

standard film(17 films) (104 films)

Fig. 2 Flow chart of interpretating order for

digitaly processed test films in this study.
Experiment 1: Original test films (full-size) are
diagnosed in comparison with original ILO stan-
dard films.
Experiment 2: Reduced-size test films with 4
different processing methods are diagnosed in
comparison with reduced-size ILO standard films.
Experiment 3: Reduced-size test films with 4
different processing methods are dianosed in
comparison with original 1O standard films.
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Fig. 3 Work sheet for image interpretation used
in this study.
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Table 3 Results of image interpretation for profusion of small opacities in processed ILO standard films in

the pre-experiment II

Evaluation i\nter?)';%tt{:ttilgr?]bl;zu}]l;;f:ians Number of physicians who ii?ﬁ?;be{hi:f nfg; fﬁ'ﬁaﬂs r:fohs?
e think this method is most simi- preferable for interpretation of
Ptr'rc:g:ﬁ;?g Average ggrigltai;g 5;?32 lar to ILO standard film. pneumaoconiosis.
n —0.765 1.021 —7.646* 7 5
(2) 0.216 0.709 2.591** 4 19
3 —0.137 0.642 —1.426 6 6
(€] —0.531 1.030 —5.646* 43 5
(5) 0.382 0.897 4.074* 4 36
(6) —0.088 0.526 —1.224 33 9

*Significance at p<0.01
**Significance at p<0.05
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75,
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Table 4 Results of image interpretation on origi-
nal test films for profusion, shape and size of small
opacities. Diagnosis which was pre-assigned by
American doctors is also shown for comparison

Statistical results
of interpretation

Original diagnoses
by physicians

Number
of films

. Shape & ; Shape &
Profusion Size Profusion S:pz%

1 0/0 — 0/0 =
2 0/0 = 0/0 -
3 0/0 = 0/0 ==
4 0/1 s 0/1 s
5 0/1 P 1/0 s
6 0/1 s 0/1 p
7 0/1 p 0/1 q
8 0/1 p 0/1 t
9 1/0 p 0/1 t
10 1/0 P 1/0 t
11 1/0 q 1/0 q
12 1/0 p 0/1 q
13 1/0 s 1/0 p
14 1/1 s 1/1 p/s
15 1/1 p 1/0 q
16 1/2 q 1/1 a/s
17 2/1 q 2/2 p/q
18 2/1 t 1/1 5
19 2/2 q 2/1 als
20 2/2 q 2/2 q
21 2/2 q 2/2 q
22 2/3 q 2/1 p
23 2/3 q 2/1 q
24 3/2 r 3/2 q
25 3/2 q 3/2 q
26 3/3 q 3/2 q
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Table 5 Result of image interpretation expressed by average values and their
standard deviations of all doctors for classification of profusion of small
opacities in experiments 1,2 and 3. The test values of significance are also

shown
Standard Interpretation  Processing Standard t-test
films Ims method Average deviation value
oiéﬂm oizia] ~0.034 1.041 —0.475
A —0.657 1.132 —8.820"
ILO test B 0.847 1.442 10.050"
reduced reduced Cc 0.096 1.151 1.318
D 0.221 1.168 2.921**
A —0.662 1.401 —6.961"
ILO test B 0.675 1.885 6.101*
original reduced C 0.007 1.471 0.071
D 0.129 1.681 1.239

*Statistical significance at p<0.01
**Statistical significance at p<0.05
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Table 6 Results of image interpretation for classification of shape and size by all doctors in experiments 1,2 and
3. Statistical significance between original film reading and processed film readings are shown by Chi-square
tests

standard film original size reduced size
image interpretation normal p q r s t u normal p q T s t u
processing e
confirmed
diagnosis :
normal 96 4 \ -
P 18 45 4 20 13 = ~
q 1 4 T 15 3 6 \\ /
test ‘\ /
o inal r 2% 75 >
gina = Ry
s 19 34 3 41 3 s
s \
t 25 75 = ~
. / =
normal 89 6 6 88 8 4
p 43* 33 5 7 12 32 32 7 16 13
q 2 22* 53 22 2 4 8 64 18 3 5
proceaxiy r 3 67 13 88
s 29 46 4 8* 13 41** 34 19** 6
L 50 50 13 13 25 50
u
normal 89 11 75 17 4 4
p 12 7* 5 2+ 10 7 68 2 1311
q 2 3¢ s5F 5+ 2 2 1 9t 80 3 8
P r 67 33 38 63
5 13 63** 25 19 53 3 25
t 17 50 33 38 13 50
u
normal 89 11 83 4 8 4
P 24 48 7 10 12 23 3 7 25 11
q 2 15** 60. 22 2 3 6 58* 31* 1 1
processing r 17 83 13 88
s 21 42 25 13 28 31 34 6
t 50 50 13 88
u
normal 94 6 88 8 4
p 17 67* 5 i 18 50 5 16 11
q 2 25* 68 3 2 1 8 81 9 1 0**
processing r 5 50 38 63
s 17 50 29 4 25 53 22
t 33 17 50 25 25 50
u

*statistical significarce at p<(0.05 compare with result of test original
**statistical significance at p<<0.10 compare with result of test original
1 statistical significance at p<0.05 between result of ILO original and ILO reduced standard film
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Table 7 Results of image interpretation for classification of shape only by all doctors in
experiments 1,2 and 3. This result was re-arranged from table 6. Chi-square significance
values are also shown between original and processed film readings

\sj:andard film

original size

reduced size

image \Jnterpretation normal round irregular  normal round irregular
processing opacities  opacities opacities opacities
confirmed
diagnosis
normal 96 4 0 = -
. d \ e
processing  roun ‘
A opacities 8 L 17 ><
irregular = \\
opacities s = 50 // ™~
normal 89 [} 6 88 8 4
processing  round | . -
B opacities 18* 74 g 15 70 15
irregular .
opacities 23 50 27 33 33 35
normal 89 11 0 75 17 8
processing  round : . . .
C opacities 6 8 7 4 83 13
irregular . .
opacities 10 63 27 15 53 33
normal 89 11 0 83 4 13
processing  round .
D opacities 10 81 g*» 10 74 15
irregular !
opacities 17 43 40 23 25 53
normal 94 6 0 88 8 4
round . .
opacities 7 87 6 8 81 11
irregular
opacities 13 50 7 20 48 33

*statistical significance at p<0.05 compare with result of test original
**statistical significance at p<0.10 compare with result of test original

LRERLORTR 5,

A OO, ME C(y=0.85 5v7 2,
BE=0.25) %7 3MIED (y=:0.85 S+~ 4,
BE=0.30) T EOHENS LR 748 L
FREKRZERL CAMZHMCFIRTE 5 2 LA
dbhihte, 1oL, KRTORN7 4+ 22X E
7 AN BT 4 N AFEEERE R - THRFRT
T - TF 4 s a{bL, FCR L ELIL 7o e
PEYZILTHEYT 4 v AH/NER LT D%
FAWTED, SHIZFCR v A5 AL X » TR,
MELI=7 4 M2 ACTOTREERYFET, ©
XTI Y —BEZRYFE LT 20 AEL

FEFI614F 4 H25H

(83)

Bhbhcdhsnd Lk,

Fr—SEDC, FCRIZ X %> 1 L A %{E
KL, CAMZEIET~<TFCRIZE 55T
Az EbMENY LAY, 2RI 5T,
LB TESBHEENEII B DL
ErD,

SEOCAMBENBET 20 TmE LT
VEa—2ILBEEHZIHMERBTHNE, TD
B2y 2 2\ T T T Hall 53 X UM
BUWAHYOBHREYBIBEE CHIZLLTY
5, X7 4 v a0BEERH—ECRIBELS 5
LENTED,FCRyAF 2tz Dliny » 7



624

PHEAADZ LIC) - TEBEDHBZHERD
NI I NG, ZOBECITLRKAR
ZWORER £ DHRFIFEXEMEIC X 5 FCR
W74 V2 OFHICHBERETHY, KTk
NIRRT & OE DL D EARR R
BB SDEE XS,

6. #& &

DEx*ELDBELLZDE HITI B,

D CAZH ERbMEL s X REEOE
HoZE b5 FCR v 25 20F|Biz>
W Lz,

2) HERDOZUIEZXILO D U AN I
Zana (KAR) 2EELLTVWHDORIL,
FCR > A7 ATREATANF DL/2078, 74 1
A DFEANC X B 2K EoBREOEBHFHEMR R %
Tt ot

3) HEERITITI4L O CAMEFENASML,
ILOE#REZ s s L, REOUAMBEEHRZ 4
ABLUVILOBEEZ s N A REORICKEE
Teote7 4 v ADFEKR (R & FofE ) - N
74 AE R,

4) TORER, BYRABEYRT Lk -T,
ML CHRERTOFEHEZELbLT, CAMZHEI
ToFATETH D LHMTTE L,

5 ZoZ ki, RWEEYR S0 U AMBEICHE
T E % S e bR TR E V& %
BRLT\w5,

Z OB, FEPREER LRSI LB TUARE
THRRETEREMAEZRS (FAE TUHER | ox
Eo—MLLTiThbhicboThs, AWE0EERY
+a@EB S h, WOEE» S OB B - o B g%
WEEERERE WEE, ¥, WA0ZEELSERT,
FRICR LI FHRERICEMES h, BlRchiz - ToEl
b o 2 ARFBEI R0 TERS, BEYEAY
EBREBEX¥OE TE FRAVEMKZEO=LE—
B &L L UARBORERICEIN X h B 5%
BEORERE—, SREEA, BShRRETETOEE XA,
AHER, BB B GXKE— BOXEAEBRESS
KFEOMERE, FRETIERASOFEIERDHEEES
EhOhLBHT S, Sbie, FYEROERELTH
EAGIiE Wil 54 v 25 A (B BRZHE
([ =2

(84)

CAMXBREET 4 o 2 A018

Write drum Read drum  Light source
D e
“_‘6' f.:—::::"@:
—p—
(ol C§>
__1':_ —|——Aperture
—~
-\’Epﬁlow tube (&) Proto multiptier
[ [rog-ame
Gamma
correction
circuit
[ bAaC_ ] [Aapc ]
Mini computer

Q)

Fig. 4 Block diagram of digitalization, image
processing and hard copy production system in
this study.
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Fig. 5 Contrast characteristic curves of type E
and T used for the processed film.
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Fig. 6 Spatial frequency characteristic curves
used in final film reading of this study.
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