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Diagnostic Capability of Digital Radiography of the Chest Using
Scanning Laser Stimulated Luminescence

Hideo Onitsuka
Department of Radiology, Kyushu University Faculty of Medicine
(Chairman: Prof. Kouji Masuda)

Research Code No. : 506.9
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Diagnostic capability of Fuji Computed Radiography (FCR) of the chest was compared to the
conventional radiography (CoR) using regular film-screen system. FCR ultizes imaging plates of
scanning laser stimulated luminescence. Visibility of 14 structures of the chest radiography was
evaluated by 3 radiologists in 100 pairs of FCR and CoR which were taken at the same time with the
same exposure factors. FCR was superior to CoR especially in observation of the mediastinum and
areas behind the heart and diaphragm. The minor fissure was better seen on CoR. Superiority of FCR
to CoR was thought to be mainly due to the processed image of FCR, and the so-called normal image of
FCR had little diagnostic advantage.

Simulated abnormal demsities: nodular, alveolar, and interstitial densities with a chest phantom,
were made, and detectability of alteration of these densities on FCR and CoR was evaluated by 19
radiologist, using ROC curve analysis. FCR and CoR revealed the similar diagnostic capability in
nodular and interstitial densities. In alveolar densities, however, FCR was statistically inferior to CoR.
Nineteen radiologists were divided into 3 groups by their experience in radiology, and comparison was
made as to their diagnostic capability with FCR and CoR in the same manner as described above.
There was no significant difference among the groups with FCR in either density pattern.
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Fig. 1 Representative characteristic curves of the
conventional radiography and the normal and
processed images of FCR.
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Fig. 2 Simulated nodular densities over the chest
phantom. a. conventional radiography. b. FCR
(processed image).
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Fig. 3 Simulated alveolar densities over the chest Fig. 4 Simulated interstitial densities over the
phantom. a. conventional radiography. b. FCR chest phantom. a. conventional radiography. b.
(processed image). FCR (processed image).
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Table 1 Numbers of alteration, and of improve-
ment or deterioration of various simulated lung

densities.
Changed
Total Unchanged
Improved  Deteriorated

Nodular 4

pattern 39 10 6 23
Alveolar P ,

pattern 30 T . .
Interstitial o

pattern 51 4 d 2

B & LT oMMy s,
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HoRLEKEg 2B, EACE~ 2RO
& (LFR7EHD) LT, EnbHict
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E|OWThTH D%, [HSE (definite) |,
\» (probable) | DHEFE & & b IZFHli & ¥ 7z,

Table 2 Average scores (+S.D.) of conventional radiograph and FCR for normal structures of the

frontal chest

Conventional CR FCR FCR

radiograph (normal image)  (processed image) (combined)
Aeterior pleural reflexion 1.63+0.481 * 1.5240.518 <@ 1.77+0.537 <O 1.91:£0.542 % @
Azygoesophageal recess 1.39+0.341 A% 1.304:0.339 4@ 2.61+0.693 AP 2.65:£0.666 * @
Tracheal air column 3.02+0.486 Ak 2.94+0.432 4@ 3.61:0.145 AP 3.61:£0.140 * @
Right main bronchus 2.47+0.520 A% 2.424:0.417 4@ 3.031+0.422 Ad  3.08:£0.413 % @
Left main bronchus 2.21+£0.446 Ak 2.2840.376 4@ 3.11:0.405 A 3.12:£0.401 @
Carina 2.17£0.408 AK 2.19%0.365 €@ 2.901-0.417 AP 2.93:£0.415 @
Intermediate bronchus 2.54+0.510 Ak 2.4640.469 4® 2.7910.439 AP 2.89:£0.421 @
Right hilar vasculature 3.49+0.309 ® % 3.23+40.225 m4® 3.484-0.185 VY 3.63+0.180 k@V
Left hilar vasculature 3.11+0.386 MAK 2.941+0.306 m4® 3.474-0.233 APV 3.57+0.220 k@Y
Right posterior sulcus 1.88+0.441 A% 1.83+0.383 €@ 3.084:0.377 Ad® 3.09:£0.376 @
Left posterior sulcus 1.62+0.373 A% 1.57+0.322 4@ 2.133-0.447 Ad 2.19+0.435 k@
Paraspinal line 1.34+0.383 A% 1.40%0.447 4@ 2.0540.573 AP | 2.16:0.524 % @
Vertebral disc spaces 1.73+0.546 A% 1.8710.483 4@ 3.163-0.428 AP 3.17+£0.430 * @
Minor fissure 2.54+0.966 Il.fT\. 1.9240.747 T | ® 2.1340.818 4|& | 2.32:£0.810 | @

L |

Varius marks represent statistical significance between linked columns.

A, ¥, O, O, O, Vo significant (p<0.01),
A, %, H, ¢ ®, ¥V significant (p<0.001),

FRICH 2 A25H

(63)
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Fig. 5 Bar diagram comparing visibility of 14 normal anatomic structures
(listed in the center column) on conventional radiographs and FCR. A maxi-
mum of 100 observations was possible for each anatomic structure. Scores

above 2.5 are regarded as “visible”

(closed areas).
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CoWTET L AREREOER L b 24 AR
it -7z (Fig. 6), Ebic, 4 7L NEEHE
DGR, Ticib FCRBE T3, £5HE TN

Fig. 6 An example of poor visibility of the minor
fissure on normal (a) and processed (b) irnages
of FCR compared to that on conventional radio-
graph (c).
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Table 3 Accuracies of conventional radiograph

and FCR according to interval alteration of
simulated densities on the chest phantom.

Nodular Alveolar Interstitial
pattern pattern pattern

Conv. ~p Conv, o Conv. ~
rad, FCR rad. | CR d FCR

rad.

Sensitivity 0.762 0.742 0.532 = 0.451 0.776 0.747
Specificity 0.811 << 0.916 0.820 > 0.707 0.789 0.816
Accuracy 0.775  0.787 0.575 =» 0.511 0.778 0.756

<, > =significant (p<0.05)
<<, =>=gignificant (p<0.01)

Table 4 Accuracies of conventional radiograph
and FCR according to interval improvement or
deterioration of simulated densities on the chest
phantom.

Nodular Alveolar Interstitial
pattern pattern pattern

Conv. - Conv.
FCR rad.

2 Conv.
rad. FCR FCR

rad.

Sensitivity 0.787
Specificity 0.588
Accuracy 0.746

0.760 0.599 = 0.433 0.745  0.732
0.605 0.516 = 0.242 0.609  0.632
0.728 0.581 = 0.396 0.710  0.706

<, > =significant (p<0.05)
<<, > =significant (p<0.01)
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detection of interval alteration of simulated
alveolar densities on conventional radiographs
and FCR.
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Fig. 9 ROC curve of observer performance in
detection of interval alteration of simulated
interstitial densities on conventional radiographs
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Fig. 10 ROC curve of observer performance in
detection of interval improvement or deteriora-
tion of simulated nodular densities on conven-
tional radiographs and FCR.

HE¥o3@BoBREIoE, ToREFECX 3
A—FEIRLTWS, ¥k, #O»— 7 FTOEE
L O RDIHA%ENEEREZER QLTI REL
(Table 5, 6), Table 5, 6 =%, 194 OIFEHEE!

AAERSIE 549% F2 &



BB 135

1007 e

e
/

/

801

s

/
%

o] ALVEOLAR PATTERN

—e— Conw.
—O— FCR

201

TRUE POSITIVE RATE FOR DETERIORATION

0 T T T T 1
100 80 0 40 20 0

TRUE POSITIVE RATE FOR IMPROVEMENT
Fig. 11 ROC curve of observer performance in
detection of interval improvement or deteriora-
tion of simulated alveolar densities on conven-
tional radiographs and FCR.

1007 e
z /
o
-
<
o
O 807
™
w
[=
w
o
% 601
[rs
w
Z
< ol INTERSTITIAL PATTERN
w
> ——es—— Conwv.
L —C— FCR
w
g 201
w
)
[
]_
0 A L T — T 1
100 80 60 40 20 0

TRUE POSITIVE RATE FOR IMPROVEMENT

Fig. 12 ROC curve of observer performance in
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Table 5 Area under ROC curves for detection of
alteration of simulated lung-densities on con-
ventional radiograph and FCR of the chest
phantom.

Area under ROC curves

Nodular Alveolar
pattern pattern

Interstitial
pattern

Conv. ~n  Conv. . Conv. g
i, FCR “.q4 FCR ™, ad. FCR

G-1 0.79 0.84 0.81*==0.61 0.81 0.78
G-2 0.80 0.8 0.67* 0.56 0.82  0.80
G-3 0.83 0.81 0.74 =>0.57 0.88 0.84
Total 0.80 0.84 0.75 =>0.58 0.84 0.81

G-1, 2, 3. group 1, 2, 3, respectively

>, >, =% significant (p<0.05, 0.01, 0.001,
respectively)

* ! significant between G-1 and G-2 (p<<0.05)

Table 6 Area under ROC curves for detection of
interval improvement or deterioration of
simulated lung densities on conventional radio-
graph and FCR of the chest phantom.

Area under ROC curves

Nodular Alveolar
pattern paftern

Interstitial
pattern

Conv. .n Conv. ) Conv.
rad. FCR “pq FCR ™54 FCR

G-1 0.91* 0.82  0.90>>0.74 0.88  0.93
G-2 0.94 0.9 0.8 0.7 0.84 0.91
G-3 0.97* 0.95 0.84 > 0.69 0.92 0.93
Total 0.94 0.94  0.87>>0.72 0.89 0.92

G-1, 2, 3:group 1, 2, 3, respectively

>, >», =2» ! significant (p<0.05, 0.01, 0.001,
respectively)

* ! significant between G-1 and G-3 (p<0.05)

THEBEY L EEE T 5 2HEIZ DOV
FCR s R DEGE O b2kt FEE
ZRRDOLIIEh o7 (Table 3,4), FfutkiE
DEHRIZ B\ T, PO FNAEEET
R OEEI MBI T\, Fio, ROC » — 7 i
CEERCBEWTD, BbrkEEELY S - TRESE
D& FCR X h T\ e,

(3)FEBREHIC & 2 MEED =

I N—THOBWIEES Table 5, 6 1=~ L T
W3, FCRTiZ/r—70oMcEr@Z» bl
Mote, HFEECESTLHE RS Y
N—THOELRD ST, Tihbb, MiatkE#o
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