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Abstract

Background: Denim sandblasting is as a novel cause of silicosis in Turkey, with reports of a
recent increase in cases and fatal outcomes. We aimed to describe the radiological features of
patients exposed to silica during denim sandblasting and define factors related to the
development of silicosis.

Methods: Sixty consecutive men with a history of exposure to silica during denim
sandblasting were recruited. All CT examinations were performed using a 64-row multi-
detector CT (MDCT). The nodules were qualitatively and semi-quantitatively analyzed by
grading nodular profusion (NP) on CT images.

Results: Silicosis was diagnosed radiologically in 73.3% of patients (44 of 60). The latency
period (the time between initial exposure and radiological imaging) and duration of silica
exposure was longer in patients diagnosed with silicosis than in those without silicosis
(p<0.05). Nodules were present in all cases with centrilobular type as the commonest
(63.6%). All cases of silicosis were clinically classified as accelerated and 11.4% had
progressive massive fibrosis (PMF). Mild NP lesions were the most prevalent in all six zones
of the lung. The NP score was significantly correlated with the duration of silica exposure, the
latency period, presence of PMF, and pleural thickening. Enlarged lymphadenopathy was
present in 45.5% of patients. Pleural thickening was present in 34.1%, which was plaque-like
in most cases.

Conclusions: The duration of exposure and the latency period are important for development
of silicosis in denim sandblasters. MDCT is a useful tool in detecting findings of silicosis in

workers who has silica exposure.



Background

Silicosis is an incurable lung disease caused by the inhalation of dust containing free
crystalline silica. Extremely high exposures are associated with a short latency and rapid
disease progression [1]. The condition is irreversible and progresses even when exposure
stops. Silicosis is one of the oldest occupational diseases and kills thousands of people
worldwide every year.

Silicosis occurs in two distinct clinical forms: acute silicosis, also known as
silicoproteinosis, and classic or chronic silicosis. Acute silicosis occurs following exposure to
a large quantity of silica, most frequently as a result of sandblasting. Classic or chronic
silicosis is characterized by the development of nodular infiltrative lung disease [2] and
occurs following long-term exposure (i.e., 10-20 years) to a low concentration of silica dust.
Accelerated silicosis is similar to classic silicosis, but occurs following exposure to higher
dust concentrations for a shorter period (as little as 5 years) [3]. Silicosis has two radiological
forms: simple and complicated [2, 3].

Denim sandblasting was recently identified as a novel cause of silicosis in Turkey,
with reports of a recent increase in cases and fatal outcomes [4-8]. Denim sandblasting uses
silica-containing sand as an abrasive on blue jean surfaces to produce a “worn-out” look. This
exposure is more dangerous than others because it involves intense exposure for long periods
under poor hygienic conditions and in the absence of ventilation systems or respiratory
protection [5—8]. Acute silicosis can also occur in quartzite millers, tunnel workers, silica
flour workers, and workers in the scouring powder industry (9, 10).

Although chest radiography is the most convenient imaging technique for diagnosing
and monitoring the progression of silicosis, it has some limitations in the assessment of
pneumoconiosis [11]. Thin-section computed tomography (CT) has been shown to detect

some cases of silicosis that chest X-ray did not, and the technique is able to better characterize



changes to the lung. [7, 9, 12, 13]. Although the use of high-resolution CT (HRCT) and chest
X-ray imaging in patients with silicosis has been well documented [10, 14-17], there are few
reports of multidetector CT (MDCT) imaging in patients with silicosis of denim sandblasting
[4,5]. The aim of the present study was to describe the radiological features of patients
exposed to silica during denim sandblasting and define the factors related to the development

of this type of silicosis.

Methods

Patients

Between April 2008 and April 2009, 60 consecutive men admitted to the Chest
Disease Department of Dicle University School of Medicine with a history of exposure to
silica during denim sandblasting were recruited for the study.

The patients lived in rural areas of Diyarbakir and worked as denim sandblasters in
various factories in Istanbul. They were admitted to the hospital after learning about the
severity of the disease from our previously diagnosed patients. Patients with active
tuberculosis or a history of the disease were not included in the study. Informed consent was
obtained from all study participants. The diagnosis of silicosis was based on a history of
exposure to silica-containing dust and radiological changes consistent with silicosis. Chest
radiography and CT imaging were performed on all patients. Demographic and clinical
characteristics, including age, exposure duration, smoking history, and latency period, were
recorded. The latency period was defined as the time between initial exposure and
radiological imaging. Cigarette consumption and occupational silica exposure were quantified
in terms of the number of packs/year and number of months of exposure, respectively.
Patients were divided into simple and complicated silicosis on the basis of CT findings.

Similar to the literature (3), silicosis was described as simple when multiple small nodules



appeared on the CT image and as complicated when PMF was detected. Patients were
categorized into acute, chronic, or accelerated silicosis using clinical indicators. The chronic
form was used for the silicosis after 10-20 years of exposure to low concentrations of silica
dust. An accelerated form of silicosis was defined in those with silicosis that occurred within

4-10 years of heavier exposure.

CT imaging

All CT examinations were performed using a 64-row multidetector CT system
(Brilliance CT scanner, Philips Healthcare) and images from the lung apices to the lung bases
were obtained during inspiration in the supine position. The acquisition parameters were: 120
kV; 300 mAs; detector collimation, 64x0.625 mm; and slice thickness, 3 mm. Contrast
medium was not used. In addition, HRCT images of 1 mm thickness were reconstructed. All
images were reviewed independently by two radiologists with experience in thoracic imaging
who were unaware of the clinical data. If there was a disagreement between the readers, the
CT scans were again reviewed by both readers and a final decision was reached by consensus.

The presence of lymphadenopathy and calcification were investigated in a mediastinal
window. Calcifications were classified as central-, eccentric-, or eggshell-type. The lung
parenchyma was evaluated using HRCT sections at —600 window level (WL) and 1600
window width (WW). The sections were evaluated in the coronal, sagittal, and axial planes
using a Philips workstation (Extended Brilliance Workspace, Philips Healthcare). Lung
nodules were evaluated wusing 5-mm-thick maximum intensity projection (MIP)
reconstructions.

Several radiological findings were recorded including: distribution of the nodules,

interlobular and intralobular reticulation, parenchymal bands, ground-glass opacity,



consolidation, atelectasis, progressive massive fibrosis (PMF) or masses, bronchiectasis, and
emphysema. Pleural thickening, effusion, and calcification were also recorded.

Each lung was divided into upper (apex to carina), middle (carina to inferior
pulmonary vein), and lower (inferior pulmonary vein to lung base) zones. The nodules were
qualitatively and semi-quantitatively analyzed using a previously reported system for grading
nodular profusion (NP) on CT images [5, 18]. The grades were defined as follows: grade 0, no
nodules present; grade I, a small number of nodules without vascular obliteration; grade II,
several nodules with mild vascular obliteration; grade III, several nodules with moderate
vascular obliteration; and grade IV, several nodules with severe vascular obliteration with or
without coalescence (< 1.5 cm).

After grading (0—4) each of the six lung zones, an overall CT NP grade was calculated
from the sum of the grades assigned to each lung zone. The presence of nodules was
evaluated in two ways: an anteroposterior distribution in which the lung was divided into
ventral, middle, and posterior thirds, and an axial distribution in which the lung was divided
into central, middle, and peripheral thirds. The nodule type was labeled as centrilobular,
perilymphatic, and randomized nodules according to the most prevalent type in a patient. The
presence of a few nodules of different type was ignored. Small low lung attenuation areas of
hyperlucency were defined as areas of focal emphysema. PMF was defined as the presence of
an opacity or coalescence larger than 1.5 cm in diameter on the CT image [18].

We investigated the correlation between the CT grade and time of exposure to silica,
the latency period, age at admission to the hospital, smoking, presence of PMF, and pleural
thickening.

Statistical analysis
Results are expressed as the mean + standard deviation or as a percentage. Between-

group comparisons were performed using the Student’s #-test for parametric values and the



Mann—Whitney U-test, as appropriate. A p-value of < 0.05 was considered statistically
significant. A receiver operating characteristic (ROC) curve analysis was performed to
investigate the role of related parameters in the development of radiological silicosis.
Spearman’s rank correlation coefficient was calculated to evaluate the relationship between

the duration of silica exposure, the latency period, the CT NP grade, and the presence of PMF.

Results

Patient characteristics

The mean age of the 60 patients was 26.0 + 5.5 years (range, 17—43 years) and all of
the participants were men. All patients worked as denim sandblasters and had a history of
exposure to silica varying from 2—-60 months (18.5 + 18.4 months). The mean latency period
was 7.3 £ 1.6 years (range, 5—13 years). Of the 60 patients, 58% had a history of smoking.
The mean number of packs/year was 7.7 + 6.7 years in 35 smokers.

Silicosis was diagnosed radiologically in 44 patients (73.3%). The latency period was
7.6 + 1.5 years in patients with radiological findings of silicosis; this was significantly longer
than for patients in whom silicosis was not detected (6.5 + 1.4 years; p = 0.012). The duration
of silica exposure was also longer in patients diagnosed with silicosis (21.4 + 19.6 months)
than in those without silicosis (10.5 £ 10.8 months; p = 0.031). The mean age of the two
groups was similar. The percentage of smokers was higher in the silicosis patients (70.5%)
than in those without silicosis (50%; p = 0.142). However, the mean number of packs/year did
not differ between patients with or without silicosis (7.8 + 7.0 versus 7.6 + 5.6 years,
respectively; p = 0.956). The ROC curve analysis of duration of exposure to denim
sandblasting and the latency period for development of radiological silicosis showed that the
areas under the curve (AUC) were 0.703 and 0.683, respectively (Figure 1).

Nodules and PMF



All cases of silicosis were clinically classified as accelerated (n = 44). Of the 44
patients, five (11.4%) had PMF indicating complicated silicosis, and the remaining 39 men
(88.6%) had simple silicosis. PMF was detected in the upper lobes and was located in the
posterior region of the lungs in all five cases. In two of those cases, the middle zone of the
anteroposterior axis was also involved.

Grade 1 lesions were the most prevalent in all six zones of the lung. NP was more
severe in the upper zones than in the lower zones. The NP grades for each of the six zones are
shown in Table 1.

We observed diffuse distribution of nodules in the anteroposterior axis. Nodules were
found in all lung regions (anterior, middle, and posterior) in 30 patients, in two regions in
eight patients (anterior and middle and anterior and posterior in two patients each, and middle
and posterior in four patients), and six patients had nodules in one lung region (anterior in one
patient and posterior in five patients). The posterior region of the lung was most commonly
affected, and nodules were found there in 41 patients.

We found nodules in all lung regions in 22 patients, in two regions in 11 patients (all
mid-peripheral), and in a single zone in 11 patients (all peripheral) of the central—peripheral
axis. The most common region of involvement was the peripheral one (44 patients) in the
central—peripheral axis.

The most common nodule type was centrilobular; it was detected in 28 patients
(63.6%). Perilymphatic nodules were found in seven patients (15.9%), and randomized
nodules were found in six patients (13.6%).

Lymhadenopathy

Enlarged lymphadenopathy was present in 20 patients (45.5%). Calcification was

observed in four cases: two were central and eccentric and two were central. We detected no

eggshell calcification.



NP score and correlations

The mean NP score was 7.6 + 5.1 (range, 1-18). The NP score upon CT in the 44
patients with silicosis was significantly correlated with the duration of silica exposure (r =
505, p < 0.0001), the latency period (r = 405, p = 0.006), presence of PMF (r = 542, p <
0.0001), and pleural thickening (r = 519, p < 0.0001). However, the correlation between NP
score and age or smoking was not significant.
Other radiological findings

Other radiological findings detected upon CT were: ground glass opacity in 18.2%,
consolidation in 2.3%, traction bronchiectasis in 6.8%, focal emphysema in 27.3%,
paracicatricial emphysema in 18.2%, reticular opacity in 22.7%, interlobular septal thickening
in 31.8%, intralobular reticulation in 4.5%, and parenchymal bands in 38.6% of the 44
patients. In addition, central bronchiectasis was detected in 13.6% of the patients. Pleural
thickening was present in 15 patients (34.1%), which was plaque-like in 12 cases, nodular in

two cases, and plaque-like and nodular in one case. Pleural effusion was not detected.

Discussion

Silicosis is one of the oldest occupational diseases and well-documented. Although
chest X-ray is widely used to diagnosis and follow up the disease, there are several reports of
CT detection of chronic silicosis [15, 17-19]. Denim sandblasting is a novel cause of silicosis
that has recently been reported in Turkey; thus, there are few reports in the literature on CT
detection of accelerated [4] and acute silicosis [10, 14] caused by denim sandblasting. Most of
these studies used HRCT or spiral CT, whereas diagnosis using MDCT has been reported in
only five cases [4, 5]. In the present study we used 64-row MDCT to detect accelerated

silicosis.



Silicosis was described radiologically in 73.3% of our patients (44 of 60 patients). Our
detection rate is higher than that reported by Akgun et al. [16] who detected silicosis in 53%
of patients (77 of 145 patients) using chest X-ray. The patients in their study were of a similar
age, but had a longer latency period and duration of exposure to denim sandblasting than our
patients. This discrepancy in results may be explained by two factors. First, CT scans are
superior to chest X-rays in the early detection of the initial phases of silicosis [17] and CT has
been reported to detect changes in nodular coalescence in silicosis earlier than chest X-ray
[20]. Therefore, the higher detection rate of silicosis in our study may be explained by the use
of MDCT versus chest X-ray. The second explanation may be the difference in concentration
of silica dust inhaled by the workers in the two studies.

In the present study, the latency period and duration of exposure were longer in
patients diagnosed with silicosis. However, no significant differences in age, percent of
smokers, or number of packs/year were found between men with or without silicosis.
Duration of exposure to silica and the latency period had high areas under curve in ROC
analysis and therefore they were significant factors with for the development of radiological
findings of silicosis. Similarly, Akgun et al. [16] reported that patients with silicosis had a
longer latency period and longer exposure than patients who did not have silicosis, and they
found no significant difference in age or smoking history between the groups.

Nodules

Pulmonary nodules in the lung parenchyma are usually present in silicosis and
typically located in the upper lobes [9]. They are common in both acute and accelerated
silicosis and are present in 85-94% of the cases [4, 10]. Nodules are also present in 94—-100 %
of chronic silicosis cases [17, 21, 22]. We detected nodules in every case of silicosis in the
present study. The most common type was centrilobular and they were found in 63.6% of the

patients (Figure 2). Similarly, Alper et al. [4] reported detecting centrilobular nodules in 60%

10



of their patients. In addition, the predominance of centrilobular nodules has been reported in
patients with acute silicosis [10].

Mild nodular profusion was common and grade 1 nodular lesions were the most
prevalent in the six zones of lung. The most severe nodular profusions were located in the
upper zones (Figure 3). Using the same grading system as ours, Alper et al. [4] reported a
middle to upper zone predominance in milder cases (grades I and II) and middle to lower zone
predominance in severe cases (grades III and IV) of nodular profusion. These findings are in
contrast to ours and those previously reported in the literature [13].

We observed a diffuse distribution of nodules in the anteroposterior axis in 30 patients.
The posterior region was involved in 41 patients, and nodules were distributed in the middle
to peripheral region of the central-peripheral axis. A peripheral distribution was the most
common and appeared in all patients with silicosis. These findings are consistent with other
reports in the literature [4, 11, 21].

PMF

PMF has a prevalence of 75% in chronic silicosis [17], and is also present in
accelerated silicosis. Alper et al. [4] detected PMF in 32% of their patients with accelerated
silicosis; however, we observed PMF in only 11.4% (five of 44) of our patients with
accelerated silicosis. The shorter duration of exposure experienced by our patients may
account for this difference (21.4 = 19.6 versus 30.4 = 19.0 months).

Of our 44 patients with silicosis, five (11.4%) had complicated silicosis, as defined by
the presence of PMF, and the remaining 39 men (88.6%) had simple silicosis. Our findings
agree with those in the literature suggesting that PMF is most commonly located in the
posterior region of the upper lobes of the lungs in patients with denim sandblasting-induced
silicosis [4, 15] (Figure 4).

Lymph node enlargement
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Lymph node enlargement was detected in 63.6% of the patients with chronic silicosis
in a study using HRCT imaging [17]. Alper et al. [4] reported lymph node enlargement in half
of their cases with accelerated silicosis; furthermore, they reported calcification in six (12%)
patients (four eccentric and two central). Enlarged lymphadenopathy was present in 20
(45.5%) of the patients in the present study (Figure 5). Of those, four (9.1%) were calcified,
two cases were central, and two were central and eccentric. In a previous study, calcified
lymph nodes were reported in 11 of 13 (85%) patients with acute silicosis, and were located
predominantly in the hilar regions and showed diffuse nodal calcification [10]. These patients
were exposed to silica longer than the patients in our study and the latency period was not
available; thus, it is possible that silicosis was more severe in these patients (acute type) than
in our patients or those described by Alper et al. [4].

Pleural thickening

In previous studies, pleural thickening was reported in 31.8-58% of patients with
chronic silicosis on CT images [17, 19], and in 38% of patients with accelerated silicosis on
CT [4]. Minimal pleural thickening or pleural effusion had been reported in 85% of 13
patients with acute silicosis [10]. We found pleural thickening in 43% of our patients (Figure
6). Similar to findings in other patients with accelerated silicosis [4], pleural thickening was
plaque-like in 12 cases, nodular in two cases, and plaque-like and nodular in one case. Pleural
thickening is reportedly more common in complicated silicosis than in simple silicosis in both
the chronic [19] and accelerated [4] forms of the disease. In our study, four of five cases
(80%) with complicated silicosis also showed pleural thickening.

NP score and correlations

The NP score on CT images in patients with radiological silicosis was significantly

correlated with the duration of silica exposure, the latency period, the presence of PMF, and

pleural thickening. However, no significant correlation was found between the NP score and
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age or smoking in the present study. Alper et al. [4] also reported a significant correlation
between nodular CT grade and duration of silica exposure, latency period, the presence of
PMF, and pleural thickening.

Other radiological findings

Emphysematous changes may be present in patients with chronic silicosis [9]. Focal
emphysema was detected in 27.3% of our patients, and paracicatricial emphysema was found
in 18.2%. In a previous study, emphysema was reported in 27 cases (61.4%): 21 were scar-
related emphysema and six were panacinar emphysema. Twenty-four of those cases also
showed PMF on HRCT in patients with chronic silicosis [17]. Alper et al. [4] reported
emphysematous changes in 18% of their cases. However, no emphysema was reported in
silicoproteinosis [10]. The higher rate of emphysematous changes detected in our study
compared to those described by Alper et al. [4] may be explained by the exclusion of heavy
smokers in their study.

Ground-glass opacities are characteristic of acute silicosis [3, 9]. However, ground
glass opacities were present in 18.2% of our patients, all of whom were clinically diagnosed
with accelerated silicosis. Similarly, Alper et al. [4] reported ground glass opacities in 12% of
their accelerated silicosis patients. Therefore, ground-glass appearance may also been found
in patients with accelerated silicosis.

Centrally located mild bronchiectasis was detected in 13.6% of our patients (Figure 7)
Traction bronchiectasis was present in 6.8% of the patients in our study. This is in agreement
with Alper et al. [4], who reported traction bronchiectasis in 8% of their patients with
accelerated silicosis. In addition, one study detected bronchiectasis in 64.7% of patients with
chronic silicosis [22]. Minimal architectural distortion and traction bronchiectasis has been

reported in four (31%) patients with acute silicosis [10].
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Other radiological findings detected upon CT were consolidation, reticular opacity in
interlobular and intralobular reticulation, and parenchymal bands. Consolidation is reportedly
frequent in acute, but not in accelerated, silicosis [3,10] which was the case in our study.

Our study has several limitations. First, our patient group may not represent the entire
population of denim sandblasters. Secondly, information on the exact type of silica and the
concentration to which patients were exposed was not available. Although we used well-
defined criteria for diagnosis, the study lacks pathological confirmation. However, we believe
that we met our aim to define the radiological features of silicosis in sandblasters. Although
all patients exposed to silica dust were included all were classified as "accelerated" so in fact
this paper really describes the findings in patients clinically diagnosed with accelerated
silicosis. The reason the current population is comprised entirely of accelerated silicosis, may
be a matter of survival selection, that is, the acute silicoproteinosis cases did not survive to be

included in the study.

Conclusions

The duration of exposure and the latency period are important factors in the
development of radiological silicosis in men who are exposed to silica during denim
sandblasting. MDCT findings of accelerated silicosis consist of centrilobular nodules in the
lung parenchyma, typically in the posterior portion of the lungs with peripheral distribution.
PMF is not as common in accelerated silicosis as it is in chronic silicosis. Enlarged
lymphadenopathy is common in patients with accelerated silicosis. However, calcification is
rare. Plaque-like pleural thickening is the most common pleural finding, and was present in
half of patients in this study. The NP score on CT images is a marker of advanced disease.

Ground-glass opacities, although rare, may also be observed in accelerated silicosis.

14



List of Abbreviations

computed tomography CT; multi-detector CT MDCT; progressive massive fibrosis PMF;
nodular profusion NP; high-resolution CT HRCT; maximum intensity projection MIP;
window level WL; receiver operating characteristic ROC; areas under the curve AUC.

Competing interests

The authors declare that they have no competing interests.

Authors' contributions

CAO has contributed conception and design of the study, analysis and interpretation of data,
drafting the manuscript for important intellectual content; and has given final approval of the
version to be published. HN has given final approval of the version to be published. TY has
contributed the conception and design, acquisition of data' AHB and SS has also involved in
acquisition of data and interpretation of data. GA has contributions to conception and design,
acquisition of data and involved in drafting the manuscript. LA was involved in acquisition of
data, analysis and interpretation of data. All authors have read and approved the final

manuscript.

15



References

1. World Health Organisation: In: WHO Web site. Available at
[http://www.who.int/mediacentre/factsheets/fs238/en/]. Cited on 13™ July, 2009.

2. Webb WR, Miiller NL, Naidich DP: High-Resolution CT of the Lung, 4th ed. Wolters
Kluwer Lippincott Williams&Wilkins, 2009:301-334.

3. Chong S, Lee KS, Chung MJ, Han J, Kwon OJ, Kim TS: Pneumoconiosis: Comparison

of Imaging and Pathologic Findings. RadioGraphics 2006; 26:59-77

4. Alper F, Akgun M, Onbas O, Araz O: CT findings in silicosis due to denim sandblasting.
Eur Radiol. 2008;18:2739-2744.

5. Akgun M, Kantarci M, Araz O, Ucar EY, Mirici A: Medical image. Silicosis due to
denim sandblasting: multidetector CT findings. N Z Med J. 2008 May 9;121:69-71.

6. Cimrin A, Sigsgaard T, Nemery B: Sandblasting jeans Kills young people. Eur Respir J.
2006;28:885-886.

7. Sevinc C, Cimrin AH, Manisali M, Yalcin E, Alkan Y: Sandblasting under uncontrolled
and primitive conditions in Turkey. J Occup Health. 2003;45:66-69.

8. Akgun M, Mirici A, Ucar EY, Kantarci M, Araz O, Gorguner M: Silicosis in Turkish

denim sandblasters .Occup Med (Lond). 2006;56:554-558.

9. Ooi CGC, Arakawa H: Silicosis. In: Gevenois PA, De Vuyst P, eds. Imaging of
occupational and environmental disorders of the chest. Springer-Verlag, Berlin,
2006:177-193

10. Begin R, Ostiguy G, Fillion R, Colman N: Computed tomography in the early

detection of silicosis. Am Rev Respir Dis. 1991;144:697-705.

16



11. Gevenois PA, Pichot E, Dargent F, Dedeire S, Vande Weyer R, De Vuyst P: Low grade
coal worker’s pneumoconiosis: Comparison of CT and chest radiography. Acta Radiol.
1994;35:351-356

12. Greenberg MI, Waksman J, Curtis J: Silicosis: a review. Dis Mon. 2007;53:394-416.

13. Marchiori E, Souza CA, Barbassa TG, Escuissato DL, Gasparetto EL, Souza AS:
Silicoproteinosis: high-resolution CT findings in 13 patients. AJR Am J Roentgenol.
2007;189:1402-1406.

14. Marchiori E, Ferreira A, Miiller NL: Silicoproteinosis: high-resolution CT and
histologic findings. J Thorac Imaging. 2001;16:127-129.

15. Marchiori E, Ferreira A, Saez F, Gabetto JM, Souza AS Jr, Escuissato DL, Gasparetto EL:
Conglomerated masses of silicosis in sandblasters: high-resolution CT findings. Eur J
Radiol. 2006;59:56-59.

16. Akgun M, Araz O, Akkurt I, Eroglu A, Alper F, Saglam L, Mirici A, Gorguner M,
Nemery B: An epidemic of silicosis among former denim sandblasters. Eur Respir J.
2008;32:1295-1303.

17. Lopes AJ, Mogami R, Capone D, Tessarollo B, de Melo PL, Jansen JM: High-resolution
computed tomography in silicosis: correlation with chest radiography and pulmonary
function tests.J Bras Pneumol. 2008;34:264-272.

18. Ooi GC, Tsang KW, Cheung TF, Khong PL, Ho IW, Ip MS, Tam CM, Ngan H, Lam WK,
Chan FL, Chan-Yeung M: Silicosis in 76 men: qualitative and quantitative CT evaluation-

-clinical-radiologic correlation study. Radiology. 2003;228:816-825.

19. Arakawa H, Honma K, Saito Y, Shida H, Morikubo H, Suganuma N, Fujioka M: Pleural
disease in silicosis: pleural thickening, effusion, and invagination. Radiology.

2005;236:685-693

17



20. Bégin R, Bergeron D, Samson L, Boctor M, Cantin A: CT assessment of silicosis in

exposed workers. AJR Am J Roentgenol. 1987;148:509-514.

21. Bergin CJ, Miiller NL, Vedal S, Chan-Yeung M: CT in silicosis: correlation with plain
films and pulmonary function tests. AJR Am J Roentgenol. 1986;146:477-483.

22. Arakawa H, Gevenois PA, Saito Y, Shida H, De Maertelaer V, Morikubo H, Fujioka M:
Silicosis: expiratory thin-section CT assessment of airway obstruction. Radiology.

2005;236:1059-1066.

The English in this document has been checked by at least two professional editors, both native
speakers of English. For a certificate, see:

http://www.textcheck.com/certificate/YbVTif

18



Figure Legends

Figure 1: The areas under the curve (AUC) for the duration of exposure to denim
sandblasting (line) and the latency period (dashed line) were 0.703 and 0.683, respectively.
Figure 2a, b: Diffuse centrilobular nodules on 5-mm-thick reconstructed axial (a) and coronal
maximum intensity projection (MIP) images (b) in a 24-year-old man who worked as a denim
sandblaster for 48 months.

Figure 3a,b: Coronal (a) and sagittal (b) reconstructed computed tomography images
showing the predominance of nodules located in the upper lobes and peripheral regions of the
lungs in a 29-year-old man who worked as a denim sandblaster for 20 months.

Figure 4a,b: PMF and bands leading to parenchymal distortion in adjacent regions in both
upper lobes of the lung are apparent on axial (a) and coronal (b) CT sections of a 27-year-old
man who worked as a denim sandblaster for 48 months.

Figure 5: CT images of a 29-year-old man who worked as a denim sandblaster for 20 months.
Paratracheal and left side hilar lymph nodes with central and eccentric calcification are
shown.

Figure 6a, b: a: Pleural thickening on the right side and adjacent to PMF in the mediastinal
window in a 22-year-old man who worked as a denim sandblaster for 48 months.

b: Also shown is a right-sided pleural thickening (plaque-type) in a 23-year-old man who
worked as a denim sandblaster for 36 months.

Figure 7: Mild dilatation in the bronchus of the upper lobes and thickening of the bronchial

wall is apparent in a 27-year-old man who worked as a denim sandblaster for 20 months.
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Table 1: Grade distribution in each of the six lung zones

Grade 1 Grade 2 Grade 3 Grade 4 Total
Zone R %(m) |L %(m) |R %(n) |L %(m) |R %(n) |L %) |R %(n) |[L %) |R %(m) |L ss%(n)
Upper |48 (21) |41(18) [18(8) (21 (9) |5(2) |7@3) |16(7) |11(5) |[86.4(38) |79.5(35)
Middle |50(22) |39(17) |25(1) [27(12) |7(3) 2(H 100 2(D) 81.8(36) |70.5(31)
Lower |52(23) |41(18) |30 (13) |27 (12) |0(0) 2()  [0(0) 2(D) 81.8(36) |72.7 (32)
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