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Assessment of the Severity of Interstitial Lung Diseases in Chest
Radiographs Using Computer-Aided Analysis System
Comparison with X-ray CT

Shoji Kido
Department of Radiology, Medical School, Osaka University

Research Code No. : 208.1

Key Words : I'mage processing, Digital radicgraphy,
Computer-aided analysis, Interstitial lung disease,
CT

A new computer-aided system to assess the severity of interstitial lung diseases in chest
radiographs using proposed parameters, radiographic indices, was developed. The radiographic index
is the normalized percent area of shadows in a ROI selected in the lung fields of chest radiographis. In
the right lungs of 82 patients, 164 ROIs were processed by computerized methods such as filtering,
binarization, determination and subtraction of linear shadows. In subtraction method, the image
processed with determination of linear shadows is subtracted from the image filtered by 4-directional
Laplacian-Gaussian filters. Then, the radiographic indices, Dun (binarization), Dy (linear shadow
determination) and D.s (subtraction), were obtained for the corresponding images. The combined
radiographic index “Deom” was calculated from “Dy,”" and “D.w”. Values of these indices of the ROIs
were compared with the grade (0~4) of the severity of interstitial involvement evaluated by CT. The
results were obtained as follows:

1) Duin, Diin and Deom, provided good correlation with the severity throughout 5 grades, while Dy
did not.

2) Asa parameter for detection of interstitial lung diseases, Deom Was significantly superior to the
other indices (p<.05).

3) As a parameter for assessment of severity of the diseases, Dy, showed the best performance
and Deom was the second best. Dy, and Deom Were superior to Dy, and D, was iriferior to Dyi.

These results indicate that a new system is useful for assessment of the severity of interstitial
lung diseases in chest radiographs.
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of chest radiograph I

[ ——mr
|

‘ Selection of two ROIs for the right lung field ‘

[ Filtering by 4-directional Laplacian-Gaussian filters ‘

Binarization and
calculation of the radiographic index, Dbin

Determination of linear shadows and
calculation of the radiographic index, Diin

I

Subtraction of linear shadows and
lation of the radiographic index, Dsub

Calculation of the combined radiographic index, Deom

~ Fig. 1 Overall scheme of a system using determi-
nation and subtraction of linear shadows for
analysis of interstitial lung disease.
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Fig. 2 Chest radiographs of the right upper lung
fields with ROls. ROIs with a 296x296 matrix
size were selected manually for filtering by 4-
directional Laplacian-Gaussian filters; (a) the
normal lung, (b) the abnormal lung.

Az, SEOFHIICHA T WIRWIEEFNIG =
Ve —AFEREsf, Auvicavie—-A o
TEFI#22661 (52ROD) TH hH, EEROFHIL,
7 4 v Z B AEALES | 22.77£4.87, #RIREH)
TEAMERELR | 13.914£5.28, IR 7T+ 57 v =2
VER ; 12.82+2.26TH 5, IRICLL T osRic gL
EHAEITV, B85 ER/LEREE % radiogra-
phic index &EF L7z,
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Fig. 3 Images of selected ROIs (256 <256 matrix
size) obtained from determination and subtrac-
tion of linear shadows. White and gray regions
indicate binarization of 4-directional Laplacian-
Gaussian filter cutputs (including interpolated
dots). In each image, white regions were deter-
mined as linear shadows by each method. (a) long
linear shadows in the ROI for the normal lung,
which are obtained from determination of linear
shadows, (b) short linear shadows in the ROI for
the normal lung, which are obtained frorm sub-
traction of linear shadows, (c) long linear
shadows in the ROI for the abnormal lung, (d)
short linear shadows in the ROI for the abnormal
lung.

graphic index (& Dyin & L, SRIRB¥IELEE B
2518 b 5 radiographic index 13 Dy & LT,
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2-9. combined radiographic index M5+
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Deom =min(D, Dgyp) + Dy <1 and Dgy, <1
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i
Dsub Diin+Dsub max(Dlin,Dsub)
1
min(DIin,Dsub) Diin+Dsub
2
0 _—_
Diin

Fig. 4 Definition of the combined radiographic
index, Deom. Dis and Dsy, were the radiographic
indices obtained from determination and subtrac-
tion of linear shadows, respectively.

Deom =max Dy, Dsyp) » Dijn21 and Dgyp=1

Deom = (Dyin +Dsyn) /2 & otherwise
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1) detectability

detectability D {gHE & LT, EHFloBs
CTA=27=0) LEEMTHELEEELEL B
4T A27=1)DHEDCT =227 OMimcxt
7 % index OHEIMEA DI & FE AT,

2) severity

severity O¥gfE L LT, 1 &2, 24& 3, 344
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% index OHEINEA D2, A D3, A DA% EAIE,

L% B
CT 2 2 7 © % % /= § ROI # T ® radio-

I el

graphic index, Doiny Diiny Deun, 36 & U combined
radiographic index, Deem® % AiD 7 5 7 % 7~$
(Fig. 5). Dsun %X CT A2 7 & index @ 7 5
XA LY OBtRizh B,

WICT 227 &4 index DB FR O kG R
TR,

1. CTAa7CcHhEENL index DBEMICE
BENDH A% Kruskal-Wallis BE % T
ELIHRR, EWMEREMOES % & CT

o
-
3
]
E - -
24
Dbin
14 -=== Dlin
= Dsub
om
0

0 1 2 3 4
(n=82) (n=25) (n=22) (n=20) (n=15)
CT score

Fig. 5 Correlation between CT score and the
radiographic indices, Dyin, Din, Dsuws, and the
combined radiographic index, Deom. Each error-
bar of Dyn or Deom indicates + one SEM (stan-
dard error of mean). CT score represents the
severity of interstitial involvement of lung dis-
ease ; normal (0) to severe (4). And “n” is the
number of ROIs for each CT score.
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Table 1 Correlation between increment of CT
score and increment of radiographic indices,
Dsiny Diin, Dsu» and combined radiographic index,
DCDIII

Dl‘ll!l Dllﬂ Dsuh DCOm
4D, 2.0+1.0 2.1#1.3 2.0+1.0 2.7+1.39
4D;  0.4+1.0 0.3+1.4  0.2+0.9 0.2+1.0
4D, 0.8+0.6 1.3:£0.7*' 0.3+2.9" 0.6+0.8
4D,  0.5+1.0 0.8:+1.2*' 0.0£1.0 1.0+1.3%

4Di is the mean value+one standard deviation of incre-
ment of the indices as the CT score increases from i-l to i.
*Istatisitcally superior to Dy, (p<.05)
**statistitcally inferior to Dy (p<.05)
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