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Computerized Detection of Interstitial Disease in Chest Radiographs
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Abstract
In this article the elements that constitute a computer-aided diagnosis system for the detection of

interstitial disease in chest radiographs are described. First, because of the diffuse nature of intersti-
tial abnormalities, a method for texture analysis is usually involved. A second element is the classi-
fier: In the classification stage, one has to choose between multiclass or one-class classification. A
third aspect is the selection of regions of interest for analysis, which is linked to the segmentation
problem. Finally, there are several ways to combine the results of analyses of ROIs into a final
diagnosis of the complete image in several ways. Results from the approach I have adopted will be
presented and some directions for future research are given.
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1.  Introduction

Interstitial disease (ID) affects the interstitium of the lung, which consists of the connective tissue between the
blood vessels and the alveoli, the tiny air sacs. The detection and differential diagnosis of interstitial disease
belongs to the most difficult tasks in chest radiology. Usually, interstitial disease reveals itself as a diffuse process,
in which the `textural appearance' of the lung has changed. These changes can be very subtle; some examples are
shown in Fig. 1. Becuase of this diffuse appearance, most attempts at computerized detection of interstitial disease
use texture analysis methods. The overall architecture of computer-aided diagnosis (CAD) systems for ID is as fol-
lows. Regions of interest (ROIs) are selected in the lung fields. Texture features are extracted from these ROIs.
Based on these features a classification is made, usually an estimate of the probability that the ROI contains abnor-
mal signs. Finally, the estimates can be combined into a diagnosis for the complete image.

In the 1970s, much research focussed on the detection of pneumoconiosis, or coal miners' disease, for example 〔1
～ 4〕.   Later work was aimed at interstitial disease in general, to which I will refer below. Work of myself and my
co-workers, also discussed below, was specifically aimed at the detection of tuberculosis. For a review of research
on computer-aided diagnosis in chest radiography, see〔5, 6〕．

In this article I will critically review the various choices one has to make when designing a computer-aided diag-
nosis system to detect interstitial disease.

2.  Feature extraction from texture analysis

Given a region of interest (ROI) of a chest radiograph containing lung tissue, texture features can be computed.
Texture analysis has produced a vast amount of literature. Overviews can be found in standard handbooks on image
processing or review articles, e.g. 〔7〕. Based on these features, the probability that the ROI contains abnormalities
can be estimated. Various types of texture features have been used for this purpose. In a large number of studies
Katsuragawa and co-workers have focused on moments of the Fourier spectrum and geometrical features〔8～ 16〕.
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　　　　　　　　     　(a)　            　　　　　　　      (b)　　　　　　　　       　　　　 (c)　　　　　　　　　　
Fig. 1  Examples of abnormalities in chest radiographs related to interstitial disease. (a) Obvious diffuse abnormalities in the    
　　　 lower right lung. (b) Linear scarring. (c) More subtle diffuse abnormalities.

Fig. 2  Filter bank for texture analysis. From left to right, a Gaussian kernel, the first derivative of the Gaussian at two orientations    
　　  and the second derivative at three orientation are shown. Top row: small scale, bottom row: large scale. The statistics    
　　   extracted from histograms of an ROI filtered with each of these kernels provide a powerful way to characterize texture. See    
　　 〔19, 20〕for details.

Tully et al. used features computed from co-occurrence matrices〔17〕．  Kido et al. used features derived from fil-    
tering with the Laplacean 〔18〕．   Another method uses a bank of filters and takes the moments of the histograms    
of the filtered ROIs as features. I have worked with a filter bank consisting of the Gaussian and its first few deriva-    
tives, at various scales and orientations〔19〕．  In Fig. 2, these filters are displayed. Systems with comparable filter    
banks have proved very effective in texture classification〔20〕 and are considered to be present in the human visual    
system〔21〕．

3.  Abnormal or not normal?

A straightforward way to proceed from feature extraction to a diagnosis would be to classify the ROI with any    
classifier trained with a large set of normal and abnormal samples. Standard choices are linear or quadratic discrim-    
inant classifiers, k-nearest neighbor, neural networks or support vector machines, possibly in combination with fea-    
ture extraction or selection schemes〔22〕．  However, this may not be the most effective strategy.  Interstitial disease    
can present itself in many guises.  Depending on the location of the abnormality, the anatomical background will    
vary (an issue addressed in the next section). Consequently, it is likely that, given an abnormal sample, a training    
database will contain only very few abnormal samples with a similar appearance and a vast number of normal cases    
with similar anatomical background. Therefore, detecting abnormal samples as outliers might be a viable alterna-    
tive to regular classification. In pattern recognition, outlier detection, or one-class classification and their combina-    
tion with regular two-class classiffcation techniques, is an active research area〔23, 24〕．

Katsuragawa and co-workers originally developed a scheme that relied on outlier detection (deviation from mean    
feature values of normal samples) and later used two-class classification with neural netorks. I have used a k-near-    
est neighbor technique for two-class classification.
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4.  The normal anatomical background

Chest radiographs are projection images and thus show many normal anatomical structures superimposed upon     
the possibly affected lung tissue. The vasculature, the heart shadow and the bony structures (ribs and clavicles) may     
all confound human observers and, especially, computer analysis schemes. One could restrict the analysis to ROIs     
that are so small that they do not contain rib borders or blood vessels. This approach is followed in〔8〕 and later     
work, using an algorithm to detect such small ROIs developed in〔25〕．

If larger ROIs are used, one should compare only corresponding regions of the lungfields, see〔19〕. The presence     
of rib borders in such ROIs remains a problem, and if the location of posterior and anterior ribs were known, one     
could analyze parts of the costal and intercostal space. This requires a robust and accurate segmentation algorithm    
of the rib cage in a chest radiograph, which includes the detection of posterior and anterior rib borders. To my     
knowledge, such an algorithm is not yet available, although several studies on rib segmentation have been pub-     
lished, e.g.〔26～ 28〕．  The different possibilities are shown in Fig. 3.

5.  Combining evidence

In the case of interstitial disease, it is not uncommon that large parts of one or both lung fields are affected. Since     
texture analysis in most schemes is limited to fairly small regions, the question is how to combine the results     
obtained from each ROI. It is also possible that several systems that each analyze every ROI are used, and they     
should be combined. Furthermore it is likely that other data, for instance from patient history, are available. Optimal     
methods for combination of classification results, especially if data from different natures are involved, remains an    
active research area. I expect that such issues will gain importance as more advanced computer-aided diagnosis sys-     
tems are developed. One option is to leave the combination of evidence to a human observer, as in〔15〕, where     
abnormal areas are indicated with small symbols superimposed on the radiograph. The size of the symbol indicates     
the degree of abnormality. In〔19〕 a simple product rule is used. In〔16〕， three methods for combination Are com-     
pared.

6.  Experimental results

The system that my co-workers and I are developing currently works as follows. First, the lung fields are seg-     
mented by a modified version of active shape models〔29〕，originally proposed by Cootes and Taylor〔30〕． The     
lung fields are subdivided in regions, as shown in Fig. 3(a). For each regions texture feature are extracted from fil-     
tered images, with the filter bank shown in Fig. 2. As features the second, third and fourth moments of the histo-     
grams are used. A soft kNN-classifier is trained for each region. The performance for each region can be measured

　　　　　　　　　　　(a)　　　　　　　　　           　 (b)　　　　　　　　                　　 (c)　　　　　　　　

　Fig. 3  Choosing regions of interest. (a) Segment the lung fields and divide them into regions. A result from〔19〕is shown.
　　　　(b) Choose small regions of interest in the costal and intercostal space.  Examples in the right lung field are shown.
　　　　(c) Segment the posterior ribs. A result from〔28〕is shown.
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Fig. 4  ROC curves with asymmetric 95% confidence intervals for the detection of interstitial disease in two databases. Left: the    
　　　tuberculosis database, 147 abnormal and 241 normal cases, Az = 0:820. Right: the interstitial disease database, 100    
　　　abnormal and 100 abnormal cases, Az = 0:986.

in terms of Az, the area under the ROC curve〔31〕． The scores of each region are combined with the product rule,    
weighted by Az. For more details, see〔19〕．

The system has been evaluated on databases from a tuberculosis screening program and from clinical patients    
with ID. ROC curves are shown in Fig. 4. Note that the results for both databases are very different. The ID data-    
base has been used in a number of studies from Ishida, Katsuragawa and co-workers. In their latest report〔16〕, they    
obtain exactly the same Az value.

7.  Conclusions and future directions

Several CAD systems for the detection of ID have been published, and good results have been reported. In order    
to compare and improve systems, public databases would be very useful, such as the JSRT database for lung nod-    
ules in chest radiographs〔32〕．  For ID such a database is, to my knowledge, not yet available.

The differential diagnosis of interstitial disease is a notoriously difficult task. There exist over 200 diseases that    
can affect the interstitium. The lung interstitium can only respond to diseases in a limited number of ways, and con-    
sequently many diseases are characterized by the same patterns〔33〕．  Automatic differential diagnosis of ID would    
be a logical next step for CAD research and a tremendous challenge. Promising results have been reported by    
Asada, Ashizawa and co-workers〔34, 35〕 but the features used in these studies are not computed automatically.

For computer-aided diagnosis in chest radiography commercial systems are now available. Their focus is however    
on the early detection of lung cancer. It is to be hoped that such systems will be expanded with algorithms that can    
detect, and possibly differentiate, interstitial disease.
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