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DM, Park SH. Thin-section CT findings of
arc-welders' pneumoconiosis. Korean J
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Paper presented at: Radiological Society of
North America 2005 Scientific Assembly
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XP  HRCT
50 Rating
15 XP  HRCT AUC
t
HRCT AUC XP 0.721
CT 0.912 p<0.001 ( 1)
XP HRCT AUC
t
(p=0.001) (p=0.001)
(p<0.001)
CT AUC ( 2
XP
0.776 0.695
0.694 3
(p=0.009) Turkey
AUC
CT 0.930
0.916 0.889
3 p=0.135
1 50 Rating
Xp CT
0.721 0.912 P<0.001

2 50 Rating
Xp CT
0.776 0.930 | P=0.001
0.695 0.916 | P=0.001
0.694 0.889 | P<0.001
50 rating
15 XP HRCT AUC
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HRCT AUC XP 0.883
CT 0.961, p=0.001 ( 3)
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( 4
XP
(0.909) (0.915)
(0.824) 3
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. Akira M. High-resolutionCT in evaluation
of occupational and environmental disease.
High-resolution CT of the lung Il. Radiol
Clin North Am 40:43-59, 2002.

Savranlar A, et al. Comparison of chest
radiography and high-resolution computed
tomography findings in early and low-grade
coal worker’s pneumoconiosis. European
Journal of Radiology 51:175-180, 2004.
Tamura T, et al. Relationships () of
international classification of High
resolution computed tomography for
occupational and environmental respiratory
disease with the ILO international
classification of radiographs of
pneumoconiosis for parenchymal
abnormalities. Industrial Health 53:260-270,
2015.
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1524 2 4 5 3-6
1 5 1 4 6 3 (ILO profusion, 0/1 )
85 36-56 CT
1/0 1/1
916 22-61%
CT 3-6
214(27.1 ) 0/1 1/0
126(13.8%) 4
87(9.5%) 42(4.6%)
( ) 1524 CT CT
237 15.6 27.1
0/1 1/0 144(9.4%) 1/0, 0/1 CT
43(2.8%) 14
17(1.1%)
0/1,
1/0 CT
916
CT 248
/ 1/0 1:3 cT
42
1,524
CT 237 =
/ 1/0 144 .
43 1. Mathieson JR, Mayo JR, Staples CA,
17 Muller NL. Chronic diffuse infiltrative lung
1 CT disease:comparison of diagnostic accuracy
of CT and chest radiography. Radiology
1989; 171: 111-116.
2. Grenier P, Valeyre D, Cluzel P, Brauner
MW, Lenoir S, Chastang C. Chronic diffuse
CT interstitial lung disease: diagnostic value of
1980 chest radiography and high-resolution CT.
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Radiology 1991; 179: 123-132.

3. Begin R, Ostiguy G, Fillion R, Colman N.
Computed tomography scan in the early
detection of silicosis. The American review
of respiratory disease 1991; 144: 697-705.
4. Gevenois PA, Pichot E, Dargent F,
Dedeire S, Vande Weyer R, De Vuyst P. Low
grade coal worker's pneumoconiosis.
Comparison of CTand chest radiography.
Acta Radiol 1994, 35:

351-356.

5. Remy-Jardin M, Degreef JM, Beuscart R,
Voisin C, Remy J. Coal worker's
pneumoconiosis: CT assessment in exposed
workers and correlation with radiographic
findings. Radiology 1990; 177: 363-371.

6. Savranlar A, Altin R, Mahmutyazicioglu
K, Ozdemir H, Kart L, Ozer T, Gindogdu S.
Comparison of chest radiography and high-
resolution computed tomography findings in
early and low-grade coal worker’s
pneumoconiosis. European Journal of
Radiology 2004, 51: 175-180.
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ROC 1. PR
AUC CT
AUC 111 2
0 1
AUC 0.8 CT
08 05 1/2 CT AUC
0.15
CT
SPSS Ver.22
fER1-1.

BEDBESECTABESECTICIHLEUTHIMEI,
« PROEEZFOEILLEICEERILT-15E DAUCEL

5mm/E 0.954 0.931 <0.15

2Zmm/E 0.922 0.925 <0.15

SmmEH2mmELBEHFEECTOAUCEIE
BEHFEDAUCELYL S HETE LD

FaR1-2.
REOBERBCTHERRECTISHLLHETHINESD

* PROEEZ0,1&2LL EIZEERILI-15E DAUCTY

S5mmfE 0.939 0.922 <0.15

2mmE 0.933 0.939 <0.15
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[/ | [ |
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IR NEE 71.5 71.3 1
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ABSTRACT

240,000 participants have a screening for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging
of severity in pneumoconiosis worldwide. This paper presents a method for quantitative assessment of severity in
pneumoconiosis using both size and frequency of lung nodules that detected by thin-section CT images. This method
consists of three steps. First, thoracic organs (body, ribs, spine, trachea, bronchi, lungs, heart, and pulmonary blood vessels)
are segmented. Second, lung nodulesthat have radius over 1.5mm are detected. These steps used functions of our devel oped
computer aided detection system of chest CT images. Third, severity in pneumoconiosis is quantified using size and
frequency of lung nodules. This method was applied to nine pneumoconiosis patients. The initial results showed that
proposed method can assess severity in pneumoconiosis quantitatively. This paper demonstrates effectiveness of our
method in diagnosis and prognosis of pneumoconiosisin CT screening.

Keywords. pneumoconiosis, computed tomography, computer aided diagnosis

INTRODUCTION

240,000 participants have a screening for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging
of severity in pneumoconiosis worldwide. The International Labor Office (ILO) provides a staging of pneumoconiosis
using radiographs[1]. Its advantages are relatively low cost, low radiation dose, and wide availability. However, the chest
radiograph is relatively insensitive for detecting early pneumoconiosis[2]. Chest CT scans are more sensitive than routine
radiographs in detecting pneumoconiosis. However, CT scans are not recommended for routine surveillance due to the
increased radiation exposure and the lack of scoring scheme [3]. Since 1992, several classification or coding systems for
evaluating pneumoconiosisin CT studies have been reported [4]. It isimportant to devel op quantitative severity assessment
of pneumoconiosis. This paper presents a method for quantitative assessment of severity in pneumoconiosis using both
size and frequency of lung nodules that detected by thin-section CT images. This method was applied to nine
pneumoconiosis patients. The results showed that proposed method can assess severity in pneumoconiosi s quantitatively.
This paper demonstrates effectiveness of our method in diagnosis and prognosis of pneumoconiosisin CT screening.

MATERIALSAND METHODS
Materials

This study was approved by institutional review board in Nagasaki University. The scanning was carried out with 120 kV,
240mA, 1mm dlicethickness, 512x512 matrix, pixel size of 0.625mm or 0.781mm, 1mm reconstruction interval, and FC13-
H convolution kernel. CT images of pneumoconiosis by each stage are shown in Fig.1. Private information that was
contained in DICOM header information is replaced by a DICOM anonymization system [5].

Pneumoconiosis was classified into 15 stages based on a guideline defined by Ministry of Health, Labour and Welfarein
Japan: 0/-, 0/0, 0/1, 1/0, 11, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/+, 4A, 4B, 4C. Thetotal number of patientsis nine: stage 0/1 is
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three, 1/0 is three, stage 1/2 is two, and stage 4A is one. In this study, the stages were certified by consensual decision of
physicians.

Methods

1) Segmentation of thoracic organs.

Our group has devel oped computer aided detection (CADe) and computer aided diagnosis (CADX) systemsfor lung cancer
CT screening [6][7]. This CADe system has graphical user interface and four modules, (1) DICOM Query/Retrieve
function, (2) thoracic organ analysis (body, rib, spine, lungs, trachea, bronchi, pulmonary blood vessel, and aorta), (3)
detection (lung nodule, low attenuation volume, and osteoporosis), and (4) comparative reading assistance. Using a
function of the CADe, thoracic organs, body, bone, trachea, bronchi, lungs, heart, and pulmonary blood vessel are
segmented as illustrated in Fig.2. The organs are extracted using anatomical rule based methods. The rules are described
by CT value histogram and shape features that were derived by four dimensional curvature. Then, lungs are segmented
into five lung lobes using the interlobar fissures as the borders of |obes as described in [8].

2) Detection of lung nodules

Our CADe has detection functions for multi diseases; lung nodules, pleura diseases, emphysema, and osteoporosis
[9][10][11]. The CADe detects nodules from lungs that excluded vascular regions (bronchi, and pulmonary blood vessel).
In early stage of pneumoconiosis, alot of small nodules occur. Threshold value for detected nodule size was defined asthe
diameter over 1.5mm. Fig.3 shows axial images with nodul e detection result.

(© (d)
Fig.1 CT images of pneumoconiosis. (a)PR0/1, (b)PRL/0, (c)PRL/2, (d)PR4A.



3) Quantitative assessment of severity in pneumoconiosis
Severity in pneumoconiosis was assessed by both size and frequency of lung nodules. Assuming that the nodules have
spherical shape, nodule size is defined by the diameter that was computed from nodule volume. The number of nodules

was counted by three dimensional Iabeling method.

(b)

Fig.2 An extraction result of thoracic organs. (2)Bone and lung lobes. Green color isright upper lobe,
magenta color isright middle lobe, and red color isright lower lobe. (b)Trachea, bronchi, pulmonary
artery, pulmonary vein, aorta, and heart regions.

4

Fig.3 Axial image with detection result of pulmonary nodules of PR1/0 participant. () Maximum intensity
projection of original CT image (3mm width), (b) detected nodule regions are colored by red.
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RESULTS

Fig.4 shows three dimensional distributions of lung nodules that detected by our CADe. In Fig.4, (a)(b)(c) are PRO/1,
(d)(e)(f) are PRL/O, (g)(h) are PR1/2, and (i) is PR4A. Especially, amount of nodule in upper lobes are greater than amount
of nodule in lower lobes. Fig.5 shows relationship between radius and cumulative frequency of nodules. Along with

increase of severity, frequency of nodules increased. The slope angle in the graph could represent severity in
pneumoconiosis.

32cm

cm

(@ PRO/I

(h) PR12 () PR4A
Fig.4 Nodule detection results.
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Fig.5 Relationship between diameter and cumulative frequency of nodule.

CONCLUS ONS

This paper presented a method for quantitative assessment of severity in pneumoconiosis using both size and frequency of
lung nodules that detected by thin-section CT images. CT screening is useful for certifying workers’ compensation by
accurate diagnosis of pneumoconiosis. The proposed method could quantify severity of pneumoconiosisin CT screening.
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