|

) <

The University of Osaka
Institutional Knowledge Archive

Title BEMERDIO Y E1—4 —FIESMMOAREM

Author(s) |#E)Il, E; L F, #i#; MacMahon, Heber fih

Citation |HAXEZFHRARFHMSS. 1990, 50(7), p. 753-766

Version Type|VoR

URL https://hdl. handle.net/11094/15489

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



HAERSEE 150 (7), 753—766, 1990 (¢ 2)
<& #>
[RIEMERZRED 2 v & 2 — 2 B LW O TN
TR AT B
o KRR

Bl ZE*  +3# e H. MacMahon**
ex KRR W mir

CEEC 24 2 A26H 54

Computer-Aided Diagnosis of Interstitial Lung Diseases
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We are developing an automated method for determination of quantitative physical measures of
lung textures in digital chest radiographs in order to detect and characterize interstitial lung disease.
We describe a scheme of our approach for lung texture analysis, an automated classification method
for distinction between normal and abnormal lungs with interstitial disease, and the effect of digital
parameters on the accuracy of this computerized analysis, as well as applications of this method to the
ILO pneumoconioses standard radiographs.

The root-mean-square (rms) variation and the first moment of the power spectrum of the lung
texture were determined as quantitative texture measures based on a frequenty analysis of lung
textures, which represent the magnitude and coarseness (or fineness) of the lung textures, re-
spectively. The computerized classification metod is based on the analysis of these texture measures
and on a data base derived from clinical cases. This classification method includes three independent
tests, one for a definitely abnormal focal pattern, one for a relatively localized abnormal pattern, and
one for a diffuse abnormal pattern. A comparison of receiver operating characteristic (ROC) curves
obtained by radiologists and by means of the computerized classification method indicates that the
computerized approach may provide performance similar to huamn observers in distinguishing lungs
with mild interstitial disease from normal lungs. By investigating the effect of digital parameters such
as pixel size, ROI size and the number of quantization levels on these texture measures obtained from
the lung texture analysis and the performance of this computerized method, we attained a useful guide
in the design of this computerized scheme. Texture measures obtained from computer analysis of the
ILO pneumoconioses standard radiographs corresponded closely with the ILO classification categories
for small opacities, though it was necessary for a qualified radiologist to identify representative areas
in each ILO radiograph because of the inhomogeneous distribution of texture patterns in these
standard radiographs. Our results suggest strongly that this computerized method can be a valuable
aid to radiologists in their assessment of interstitial lung diseases.
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Fig. 1 Overall scheme of our approach to the
texture analysis of digital chest radiographs.
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Fig. 2 Tllustration of vertical profiles which are
obtained in each lung at 4/6 and 5/6 of the
distance from the midline of the chest image to
the rib cage edges.
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Fig. 3 Fitting of profile data with a shift-variant
sinusoidal function. The fitted curve correctly
identifies the locations of lower pixel values that
correspond to the positions of inter-rib spaces.
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Fig. 4 Enlarged chest radiographs of (a) normal lung and abnormal lungs with
(b) nodular, (c) reticular, and (d) honeycomb patterns.
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Fig. 5 Two texture measures of the selected
ROTI's shown in Fig. 4.

a
Fig. 7 Chest images illustrating progressive interstitial infiltrate ; (a) first exami-
nation in 1975 and (b) second examination in 1985.
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Fig. 6 Distribution of texture measures obtained
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Fig. 8 Texture measures obtained from the two
chest images with progressive interstitial
infiltrate shown in Fig. 7.
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Fig. 9 Distribution of normalized texture measures (a) obtained from 100 chest
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lungs with various interstitial infiltrates. The circle and ellipsoid indicate the
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Fig. 10 Overall scheme of our approach to the
automated classification for distinction between
normal lungs and abnormal lungs with interstitial
disease.
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a b

Fig. 11 Chest images with selected ROI's. Arrows
indicate abnormal ROI's which contain large
texture indices above the threshold value of 2.0
(a) The chest image includes one isolated abnor-
mal ROI. (b) This image has three abnormal
ROT's, and two of them are clustered within
the distance of 3.0cm. (¢) Six abnormal ROI's
are distributed diffusely.
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Fig. 12 Normalized texture measures of the
selected ROI's for the three chest images shown
in Fig. 11. The dotted line indicates the threshold
value (2.0) of a single texture index.
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classification. (a) Texture measures obtained with various pixel sizes for 100
normal and 100 abnormal lungs with interstitial infiltrates. (b) ROC curves by
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Table 1 ILO pnemoconioses classification for small opacities

Profusion
Category 0 : opacities absent
Categories 1, 2, 3 | increasing profusion of opacities
Shape and size
Rounded opacities P | diameter up to 1.5mm
q ; diameter (1.5—3.0mm)
r | diameter (3.0—10.0mm)
Irregular opacities S | width up to 1.5mm
t © width (1.5mm—3.0mm)
u ; width (3.0mm—10.0mm)
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Fig. 15 ILO pneumoconioses standard radiogra-
phs for small rounded opacities with the size
of r/r; (a) profusion classified as 1/1, (b) 2/2, and
(c) 3/3.
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Fig. 16 Corresponding texture measures of chest
images (Fig. 15) with small rounded opacities
with the size of r/r. The ellipsoid indicates the
normal range obtained from 100 normal cases
included in the data base. The rms variation
increases gradually according to its profusion,
and the first moment of the power spectrum is
shifted toward lower frequencies than that for
normal lungs.
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Fig. 17 Averaged texture measures obtained from ROI’s selected in each ILO
standard radiograph with (a) small rounded opacities and (b) irregular opac-
ities. For both of (a) and (b), as the profusion of small opacities increases at a
given size, the rms variation tends to increase gradually. On the other hand, as
the size of small opacities increases at a given profusion category, the first
moment of the power spectrum tends to shift toward low frequencies.
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Fig. 18 Illustration of CRT display of the chest
image together with superimposed symbols re-
presenting the magnitude and nature of texture
measures which are related to severity and pat-
tern types of interstitial infiltrates. The cross,
circle, square and hexagon correspond to normal,
nodular, reticular and honeycomb patterns,
respectively. The size of each symbol indicates
severity of interstitial infiltrates.
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