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Screening for Tracheobronchial Diseases with Digital
Storage Phosphor Radiography
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Department of Radiology, Kanazawa University School of Medicine

Research Code No. : 506.9
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Digital storage phosphor radiography (FCR: Fuji computed radiography) has a wide dynamic
range and unique postprocessing capabilities. This study was designed to test whether chest imaging
with FCR and its image processing would increase the accuracy of and confidence in the diagnosis of
tracheobronchial abnormalities.

In a phantom study, the performance of digital images having the appearance of a conventional
chest radiograph was compared with that of a conventional system in detecting simulated
tracheobronchial nodules. The digital images of lower kilovoltage (ROC area= 0.647 -+ 0.035) were
equivalent to the conventional radiographs (ROC area=: 0.620 +- 0.028). On the other hand, nodule
detectability was significantly improved in the digital images of higher kilovoltage (ROC area=0.826 +
0.020). The author also compared the impact of five postprocessing algorithms (standard image, wide
latitude image, enhanced image, reversed image, and subtraction image). ROC analysis indicated that
the default standard image (ROC area=0.826 =+ 0.020) was as good as an image with a linear rather
than a sigmoid gradation curve (ROC area=0.843 + 0.020), an image with strong enhancement of high
frequencies (ROC area=0.804 + 0.020), and an image with reversed gray scale polarity (ROC
area=0.775 + 0.015). Therefore these specific algorithms had no effect on the detection of
tracheobronchial nodules. However, digital subtraction soft tissue images (ROC area=0.961 -+ 0.030)
were significantly better than the control images. Clinical study also indicated that subtraction images
improve diagnostic accuracy in tracheobronchial diseases.
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ELEREEL IR TWBE LR EDMEAE LT
FBRHERTWAEYY, avea—x ol
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A (LT FCRP @ MEsh Rz B L T o X8
Tl OME I ERD v, Fho ol T
BHRICERNAEEE LT=RAALF—H 7+ 5273
VIEDMITT A C LAk B9, 4E, underexpo-
sure & e A MERAIER CTERELOERD L H
b, BESEHECEEBRLEGHREOHEEINK X
EFHEINATE R E LT EREYHRELT
BFEfTv, DRI X % LSS EREZHEER O
E {5 A0VEE 0> A5 %D e ZR R AV BRA L7,
WNHERRUFE

LI KGERE W R O BRI LR e
Bicdd, (1) 77 v b —aHGKEE, 2) B
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« Conventiconal film screen radiography (CFS)

X-ray tube i
_—--'-.--.-.--.--
—
100KVp film/screen
phototimer

- Dual-energy subtraction radiography (FCR-ES)

metal filter
x-ray Lube (1mmCu)
_._-—'-'-'-----—-—-.-.--
__-__-_-_-"-_—_
100KVp / \\
200mA P (1) P (1)
250msec standard standard
image I image I

Fig. 1 Imaging techniques and radiation expo-
sure,

Fig. 2 Conventional screen film image of human
chest phantom
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RERAEIC X SRR RS < LicgTT
Y X L2 0@EBORERBREYERLL v %£0.9
thnRicdb0THS, REFENEMERERE
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BE (LB @ « o ROC #i## T s % s Stu-
dent @ paired-t-test ik D B Z g o7z,

(2) ERER#¥HC & 5485 (clinical study)
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Pl FHKERERHREE L TR L, Y
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72060 % Sl oA, Bk, e EREE L < »
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THESZ FCRABGIBETE4AXAHEOR
Bier—FvicvTws b0 ThHs (Fig 4),
Bl%, 1) Ml FCR E& A7 1 v 2 —HE &)
TS FHOREMREY b b CFS BEfin < A
Shizd @ (phantom study 74 =0 A2 &
[—), 2) HEif FCR B CHEHBRIERT ¢
#(0.9 & ka7 wide latitude image (phantom
study D7 A=V XA J EF—), 3) 752
v 2 VEREIE{E (phantom study ® 7 4 =) X &
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(d) (e) 69
Fig. 3 FCR images in chest phantom with simulated tracheal nodule
Algoritm 1 (a)=default image obtained from the first imaging plate, Algoritm 2
(b) =default image obtained from the second imaging plate, Algoritm 3 (¢)=
wide latitude image, Algoritm 4 (d) =edge enhanced image, Algoritm 5 (e) =gray
scale reversed image, Algoritm 6 (f)=dual-energy subtracted soft tissue image.
Note the tracheal nodule is clearly seen on the soft tissue image (arrow).

R 443 A25H (51)
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(a)

()]

Fig. 4 FCR images in a patient with tracheobronchial disease (adenoid cystic

carcinoma)

a) ordinary default image, b) wide latitude image, ¢) dual-energy subtracted
soft tissue image. Intraluminal tumor is seen within the carina.
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R fcdb gy ) — X 1 BHEOFTHER LY B\ 1o,
AR BEE S 4, BRI,
401 < EH600% & 72 B,
ROC f#fr & 17 » Iz,

#w =%

(1) Phatom study

1) CFS & FCR standard image & @ H#;

THOBHBREC L VHEIhiceT -2 %
ROC #i#§ & LT Fig. 5 1wRd. BEBEENZL

1+ —-X

\» CFS image & 87 4 2+ % —BiiE ® FCR stan-
dard image 1& @ & ©i1% FCR standard image

153 ROC iR TER ChHTHENR S 8, 3IEH

3 %I ZEH 6 4EL)
2EIFER 1S

IhbDF—2uwEiC

Fraction (TPF)

True Positive

o

=]

D

i ©---0 conventional film screen image
Az=0.620£0.028

®—-# FCR standard image |
Az=0.64720.035

A—-a FCR standard image 2
Az=0,826%0.020

]

1] 0.2 0.4 0.6 0.8 Jore!
False Positive Fraction (FPF)

Fig. 5 Receiver operating characteristic curves of

pooled data for conventional radiographs, lower
kilovoltage digital images and higher kilovoltage
digital images.
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Detectability of trachecbronchial nodules in phantom study
[ conventional film screen image
10 EZZ] FCR standard image 1 NS P< 0.01
FCR standard image 2 = L
0.8 m [ : &
4ol B H Al ol A
B ] - il B | :

< 0.8 % AL | i ”?
o) _Vﬁ{{ 7% 2 S £
= 78 e

o b I‘.' 5 f
4] o o
o Y = ﬂf 2 5;5
o i A

75 i
0.2 |
0 4 3 5 & 3 A7z NZs
1 2 K| 4 5 6 7 all readers
READER
Fig. 6 Individual reader performance with conventional, lower kilovoltage
digital and higher kilovoltage digital radiographs.
FORBWRETH -1, XE&FHEMR D ROC i tor = —
TEBY Fig. 6 1CRT4, S b EEER L _—
0.8 =

Mol =7 + v & —HiE, BT R F—
E e 5 FCR standard image Al 4o H#gc i
RE®R¥THS 7 1+ 1+ # —1%HD FCR standard
image 27 1 ¥ OEBRECHEICZHEEN BT
Wiz (Fig, 6).

2) EHRABRO=AALF—F T 52 av
NEDOZWIRECRIETHER

FCR standard image 2% =2 v b2 —- & LT
wide latitude image, subtraction image % 1%
ho ROC iR % Fig. TwwRd, WiHME
H{® TH % wide latitude image Tz v + » —
A A= LB LT ROC i TEETHT
CZHREOHF XL LN DD, WMBIETEL, #
TN FRE I O Tixeh - 7 (Fig. 8), —F
BE, BE_GEHOGENGERIhEY T+ 52
> 2 VR ER THRRMEOREIVBEETH Y,
fEHx DBEERBOEGH A TLLE—HL T -
EAEBhABEERL, FERCd 1 %oRX
THEEBETH - (Fig. 8).
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ERL44F 3 A25A
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(=3
o

=]
e

o——0 subtraction image
Az=0.961+0.030

&——a4 wide latitude image
Az=0.843:0.020

4—— standard image 2
Az=0.82620.020

True Positive Fraction (TEF)

(=3
"

1] 0.2 0.4 0.6 0.8 1.0
False Positive Fraction (FPF)

Fig. 7 Receiver operating characteristic curves
comparing observer performance with the stan-
dard images, wide latitude images and dual-
energy subtraction images in phantom study.

Wide latitude image # =2 v b r—A & LTE
JAUE BN % I8 L 7= enhanced image ® ROC g
% Fig. 9ww=7, ROCHE TEECIZ= v +
B-d 2= LB LTI L ASBKIREILS B
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Effect of image processing in detection of tracheobronchial nodules
[ FCR standard image 2
2 wide latitude image
[ enhanced image P< 0.1
reversed image E
B subtraction image !‘i M5 NS
]
1.09 ‘H
b 7k
0.8 e
e 4
< 0.6
2] 2
e i i
o BN
L 04 -
(=] ol
I
A
0.2
e BN
t? ] BN
1 6. all readers
READER
Fig. 8 Individual reader performance with five postprocessing algorithms.
1.0 Y P S
——
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e
= 0.8 T
E 0.8 /7/ _ //_.-:4
— b - =
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= B e L
2 f/ - P
B ¥ S0.6 f/ ~
[T -
.6 e ‘
30 5|
(M o 3
a 1
E" r- gj ]
G 0.4 o4
o B
o w
o
] B r o—-=0 enhanced (normal) image
g a—a wide latitude (unenhanced) image 8 Az=0.804:0.024
0.2 Az=0.843%0.020 Sn.2 ®---# reversed image
©—0 enhanced image Az=0.77520.015
Az=0.8040.024
0 0.2 0.4 . 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
FALSE POSITIVE FRACTION (FEF) False Positive Fraction (FEF)
Fig. 9 Receiver operating characteristics curves Fig. 10 Receiver operating characteristics curves

of pooled data for unenhanced images and enhan-
ced images.

ML BT, #HEtayik (Fig 8)BEZE X
b DD G EIORKF b ERAEBLEDE LM
BELTREBEENLERTD -7,
4) BERELEOZWEEICRIE TR
Enhanced image % 2 normal image & L T
I N & REEME L f- reverced image @ ROC ih

(54)

of pooled data for normal images and reversed
images.

% Fig. 1077, SRABHEARRREETZH
LT 2EAEROREER R -7, B
L, SRR E R T,

(2) Clinieal study

RICERAITHRE L 3EBEOEEEY
ROC i & LT Fig. 11 1@+, standard image
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& wide latitude image & @ HEZTiX phantom
study E#E, ROC gh#i T Tk wide latitude
image TEREICZHEOHEL A b, H, &

1.0 e —_—r
— e
—,-—-—"_'_':-—-"_T
e T
ey
s
7
0.8 >
!/

=

Q

-

o 0.6

-

b

B

4

-

3

1

]

o

= 0.4

H o—o subtraction image
&

3

Az=0.932x0.058
&4 wide latitude image

Az=0.9100.051
e---8¢ standard image

Az=0.89620.03¢

0.2 0.4 0.6 0.8 1.0
False Positive Fraction
Fig. 11 Receiver operating characteristics curves
comparing observer performance with standard
images, wide latitude images, and dual-energy
subtraction images in clinical study.

Detectability of tracheobronchial diseases in clinical study

[ standard image P< 0.05
wide latitude image
Hl sublraction image L&
1.0 "
0.8
-
5 0.6
=
&
(&)
pa
o
0.2
[

5 all readers

1 2 3
R

Fig. 12 Individual reader performance with post-
processing algorithms in clinical study.

R4 4 3 A25H

(55)

T &M O ROC fhff THEM O LB % Fig. 121
AT EBEREIE I hish T,

+ 7+ F 7 a vERENE & T phantom stu-
dy TAbhizig L ICRBEELSHRE TR 1
7, ERRCRERI-BEHERY LD L, Stan-
dard image & DI TIL 5 YO EEECHIE EN
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T LBdilca v b5 A PR B2ENERS. @&
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k)RR EoBMENR LT 5 2 L aRE
IhTWa, RIFRSHERAUGE O EHIESE o H#HH
BEx A 27 —{LLTFCR & CFS CH:E®RE L
T 5239 FCR MIEE (4 E 0 wide latitude
image &IZIER—NE) T EHSEL EHERES
ORHEIEA TV L LT3, SEDCHERK
HABIC X % ROC f##r % i\~ 7c#5t C ik phantom
study, clinical study & &3 B0 oiE
AR A EES M B E TITIRE b 7
B otc, Schaefer HOWE L HB L Cififiodk
ENFI=F v 7 ChhoBHELTSEON
S I RBAERTD > T TN ThoHE OB
BYCER -7 D ThotcZ & LBIRT B0
iz, BIBRHE - = 5 structured noise DF
EOLDEMIZa Y TR M ERLSTARET TR
TEEBAY IR MR bicole i bt b @ L HE
HlEhs,

FCR o #i{& M > 5 % “unsharp masking”#:
X AEMBRBAE R, HeERAERAEY L
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