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with gemstones, including jade polishers (White et 
al. 1991; Gupta et al. 1991; Ng et al. 1985), foundry 
and pottery workers (Landrigan et al. 1986; Rees 
et al. 1992; Epstein et al. 1984) and glass and silica 
bricks workers (Landrigan et al. 1986), are associ-
ated with silica exposure. The diagnosis of silicosis 
is based on the typical radiographic appearance of 
diffuse nodules or reticulonodular pattern in the 
presence of a strong occupational exposure to silica. 
The International Labour Organization (ILO) 2000 
International Classification of Radiographs of the 
Pneumoconiosis is the most commonly accepted 
classification of extent of involvement of the pneu-
moconiosis and one in which the presence or 
absence of pneumoconiosis is established in workers 
exposed to mineral dust including silica (Geneva, 
 International Labour Office 2000; Davies 
1974). Standard reference radiographs are available 
from the ILO office with standard nomenclature to 
describe the changes.

5.2 
Pathogenesis

The role of macrophages in the pathogenesis of 
silicosis has been extensively studied (Davis and 
Gemsa 1996; Harmsen et al. 1985; Corry et al. 
1984; Lehnert et al. 1986; Graham 1992). Inhaled 
crystalline silica smaller than 5 µm are deposited 
in the small airways and alveoli from which they 
are ingested within 48 h of deposition by alveolar 
macrophages or tissue macrophages, if they pen-
etrate the interstitium. Free particulate silica that 
are not ingested by macrophages enter the perivas-
cular lymphatic channels to be translocated to the 
draining mediastinal lymph nodes as free particles 
or within macrophages (Davis and Gemsa 1996; 
Harmsen et al. 1985; Corry et al. 1984; Absher 
et al. 1992; Lauweryns and Baert 1977). In vivo 
and in vitro studies have shown that these silica-
exposed macrophages release fibroblast growth fac-
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5.1 
Introduction

Silicosis is an occupational lung disease caused by 
inhalation of silica, a ubiquitous mineral found in 
abundance in the earth’s crust, composed of regular 
molecules of silicon dioxide (SiO2). Certain occu-
pations predispose the individual to high concen-
trations of silica, which is fibrogenic to the lungs, 
resulting in radiographic and pathological abnor-
malities. Workers engaged in occupations such as 
tunneling, mining, sandblasting and quarrying are 
inevitably exposed to the mineral, due to its ubiquity 
in the earth’s crust. Other occupations, such as work 
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tors that facilitate the accumulation of fibroblasts 
and fibroblast products, which induce inflammatory 
and fibrogenic reaction in the interstitium, alveoli 
and lymph nodes (Lauweryns and Baert 1977; 
Brown et al. 1988; Jagirdar et al. 1996; Dubois et 
al. 1989; Lugano et al. 1984; Hunninghake et al. 
1986; Bitterman et al. 1983; Schmidt et al. 1984; 
Kampschmidt et al. 1986). Other inflammatory 
cells recruited in the lung in addition to the macro-
phages include lymphocytes, particularly T-helper 
cells and neutrophils.

5.3 
Pathology

Classic (Nodular) Silicosis

Nodular silicosis is characterized by the presence 
of small rounded nodules of 3–6 mm in the lung 
parenchyma (Gibbs and Wagner 1998; Weill et 
al. 1994).

The nodules of silicosis are well defined and 
located in the perivascular and peribronchiolar 
interstitium as well as in the paraseptal and sub-
pleural interstitium (Fig. 5.1) and are preferentially 
distributed in the upper lobes. The silicotic nodule 
starts as a central zone of mononuclear cells sur-
rounded by fibroblasts and collagen tissue. With 
time, the central zone becomes hypocellular, with 
concentric laminar deposition of reticulin, pro-
teins, phospholipids and collagen in the periphery, 
giving a whorled appearance (Fig. 5.1). Adjacent 
vessels and bronchioles may become involved and 
destroyed by these nodules, with occlusion of their 
lumen.

Conglomeration of the nodules frequently occurs 
to form large masses of progressive massive fibro-
sis (PMF), usually in the upper lobes where nodular 
profusion is highest. The lower lobes are less fre-
quently involved. PMF lesions sometimes cross the 
interlobar fissure to form elongated masses from 
lung apex to the lower lobe. Although conglomera-
tion usually occurs in heavily dust-laden lung with 
a high profusion of nodules, its development does 
not always parallel nodular profusion. Cavitation of 
PMF masses occurs as a result of ischemic necrosis 
and mycobacterial infection.

Hilar and mediastinal lymph nodes are enlarged 
and pigmented, with a whorled appearance similar 
to that found in the silicotic nodule. Calcification 
is also a frequent finding. Features characterized 

on imaging, particularly on computed tomography 
(CT), will reflect these pathological changes in the 
lungs and lymph nodes.

Mixed Dust Fibrosis

Although the radiographic characteristics of mixed 
dust fibrosis have not been a subject of interest in 
recent literature, this entity is frequently described 
in pathology textbooks and is of some clinical 
importance within the context of lung damage in 
silica-exposed workers (Gibbs and Wagner 1998; 
Weill et al. 1994). Exposure to high content (more 
than 18% of total dust deposited in lung) of free 
crystalline silica results in classic silicosis, while 
mixed dust fibrosis develops in the presence of low 
silica content (less than 18% of total dust deposited 
in lung) (Nagelschmidt 1960), particularly with 
simultaneous inhalation of other minerals such as 
non-fibrous silicate (mica, kaolin, coal, talc, fuller’s 
earth, etc.). These non-fibrous silicates augment the 
strong fibrotic effect of crystalline silica (Gibbs and 
Wagner 1998). Instead of a well-defined, whorled 
appearance found in the silicotic nodule, the lesions 
in mixed dust fibrosis are characterized by irreg-
ular shaped fibrotic nodules (often called stellate 
nodules) and a predilection of the fibrotic lesion 
to extend into the surrounding pulmonary intersti-
tium (Fig. 5.2). The stellate nodules are less fibrotic 
with less collagen and are more cellular than sili-
cotic nodules. Calcification in the nodule is rarely 
observed. Depending on the proportion of crystal-
line silica in the inhaled dust, mixed dust fibro-
sis and silicotic nodules coexist in the same lung, 
thus forming a spectrum of pathological findings 
(Honma et al. 2004). The nodules of mixed dust 
fibrosis are also located within the center of the 
secondary pulmonary lobule and in the subpleural 
and paraseptal interstitium, with upper lobe pre-
dominance.

Silicoproteinosis

The principal finding in silicoproteinosis is the pres-
ence of surfactant protein filling the alveolar spaces, 
as is seen in acquired form of alveolar proteinosis 
(Gibbs and Wagner 1998). Silicotic nodules are 
sparse and poorly demarcated or absent, probably 
because of a short period of time after exposure 
(Hoffman et al. 1973; Roeslin et al. 1980). There 
is diffuse alveolar wall thickening and fibrosis, as is 
seen in acquired form of proteinosis (Heppleston 
and Young 1972).
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Fig. 5.1a–d. Classic silicosis in 74-year-old retired metal ore miner. a Posterior–anterior chest radiograph shows multiple calci-
fi ed small nodules predominantly in upper lung zones. The size and profusion of the nodules are r/r and 2/2 according to the 
International Labour Organization classifi cation. b Spiral computed tomography image (10-mm thickness) shows multiple 
small nodules that are most predominant in the posterior half of upper lobes. The nodules are separated with similar distance 
with each other, which is compatible with the centrilobular localization of silicotic nodules. c Photomicrograph of autopsied 
lung specimen (Elastic–Goldner stain) shows silicotic nodules with or without calcifi cation along the interlobular septa and in 
the centrilobular areas as well as in the subpleural interstitium. The nodules are separated with equal distance with each other, 
suggesting a centrilobular localization. d Photomicrograph of a silicotic nodule shows a typical whorled appearance

a b

c d

5.4 
Clinical Features

Unlike other inhalational occupational lung dis-
eases, lung changes in silicosis can often progress 
even after the individual is removed from the dusty 
environment that initiated the fibrogenic lung dis-
ease (Nozaki and Sawada 1959; Lee et al. 2001). 
Whilst most patients are asymptomatic initially, 
dyspnea on exertion and then at rest is common. 
A relationship between severity of dyspnea and 

radiographic abnormalities has been documented 
(Ooi et al. 2003b; Koskinen 1985). With progressive 
lung damage, pulmonary hypertension and right 
heart failure eventually supervenes. Emphysema is 
common in silicosis and has been attributed as the 
major cause of cor pulmonale and disability rather 
than fibrosis by some investigators (Murray et al. 
1993). Several studies evaluating airflow obstruction 
in silica-exposed workers have suggested a relation-
ship between silica dust exposure and reduction in 
lung function irrespective of radiographic evidence 
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of silicosis or fibrosis (Lee et al. 2001; Engholm 
and von Schamlensee 1982; Johnson et al. 1985; 
Neukirch et al. 1994).

The three main clinical presentations of silicosis 
are classic silicosis, accelerated silicosis and silico-
proteinosis. Classic silicosis is the most common 
presentation, in which patients remain asymptom-
atic until after an interval of 10–20 years of con-
tinuous silica exposure, by which time radiographic 
evidence is present. With accelerated silicosis, the 
exposure time after which the disease becomes clini-

cally evident is much shorter, ranging from 5 years to 
10 years of exposure, and the rate of disease progres-
sion noticeably faster. Clinical presentation as early 
as 1 year after exposure and death within 5 years has 
been reported (Jiang et al. 2001; Elmes 1994). High 
concentrations of dust in a relatively confined space 
are thought to predispose the individual to this form 
of silicosis (Michel and Morris 1964; Theron et 
al. 1964). However, for all intents and purposes, the 
radiographic, clinical and pathological features of 
this entity are nearly indistinguishable from classic 
silicosis. Silicoproteinosis is another acute and pro-
gressive form of silicosis that often results in death 
from respiratory failure (Bailey et al. 1974). This 
variant of silicosis is also associated with high dust 
concentration in occupations such as sandblasting, 
tunneling and quartzite milling (Bailey et al. 1974; 
Oleru 1987; Hughes et al. 1982; Buechner and 
Ansari 1969).

5.5 
Radiological Evaluation

5.5.1 
Chest Radiograph

The chest radiograph remains the most convenient 
imaging modality by which silicosis is diagnosed 
and its progression monitored (Fig. 5.3). In the 
ILO classification of radiographs, the radiographic 
opacities are characterized by their size and shape. 
Small rounded opacities are described as “p”, “q” 
or “r”, according to their size (1.5 mm, 1.5–3 mm 
or 3–10 mm, respectively) (Fig. 5.1, Fig. 5.3, and 
Fig. 5.4), while irregular opacities of similar size are 
respectively denoted as “s”, “t” and “u”. Profusion of 
nodules is a measure of the concentration of small 
opacities per unit area or zone of lung, determined 
from comparison of patient’s chest radiograph with 
standard radiographs provided by the ILO. There are 
12 categories of profusion, which represent a contin-
uum of changes ranging from normal to severe pro-
fusion (Liddell 1963; Liddell and Lindars 1969). 
These can be grouped into 4 broad categories, based 
on the degree obscuration of vascular lung markings 
by the nodules: category 0 (0/0, 0/0, 0/1), when small 
opacities are absent or less than category 1; category 
1 (1/0, 1/1, 1/2), when small opacities are present in 
small numbers with normal lung markings (Fig. 5.3); 
category 2 (2/1, 2/2, 2/3), when numerous small 
opacities are present and when lung markings are 

Fig. 5.2a,b. A 72-year-old retired tunnel worker with silicotic 
nodules and mixed dust fi brosis. a Posterior–anterior chest 
radiograph shows ill-defi ned multiple small nodules and 
reticular opacities in both upper lobes. b Photomicrograph 
obtained at autopsy performed 2 years after chest radiograph 
shows two pneumoconiotic nodules with stellate appearance. 
The left nodule shows irregular shape without whorled appear-
ance (arrows) typical of silicotic nodule. The right nodule also 
shows irregular shape but has a central whorled appearance of 
silicotic nodule. Emphysema is identifi ed around the nodules

a

b
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less than the right upper zone and C is used when 
one or more opacities has a combined area greater 
than the area of the right upper zone.

On the chest radiograph, the nodules in simple 
silicosis are well defined and small, ranging from 
1 mm to 10 mm in diameter. These are present dif-
fusely in the lungs with posterior and upper zone 
predominance (Bergin et al. 1986). Nodule calcifi-
cation is present in up to 20% of cases on the chest 

Fig. 5.3a,b. A 67-year-old old retired tunnel worker. a Posterior–anterior (PA) chest radiograph obtained in 2000 showing small 
nodules predominantly on the upper lobe. The nodule size and profusion are p/p and 1/1 respectively. b PA chest radiograph 
obtained in 2004 show progression in the profusion of the nodules from 1/1 to 2/2. There is also more prominent egg-shell 
calcifi cation of enlarged hilar lymph nodes (arrows)

a b

partially obscured) (Fig. 5.1, Fig. 5.4) and category 3 
(3/2, 3/3, 3/+), when very numerous small opacities 
totally obscure normal vascular markings (Fig. 5.4). 
Patients with scores 1/0 or greater are considered 
to have pneumoconiosis. A separate classification 
for large opacities (>1 cm in diameter) also exists: 
A denotes one or more opacities greater than 1 cm 
but each less than 50 mm; B indicates one or more 
opacities greater than A and the combined area is 

a b

Fig. 5.4a,b. Chest radiographs of two retired metal ore miners illustrating different categories of profusion of “r”-size nodules. 
a Posterior–anterior (PA) chest radiograph shows multiple nodules in both lungs. The nodule profusion category is 2/2. b PA 
chest radiograph shows more severe nodular profusion of category 3/3
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radiograph, although the incidence is higher with 
CT. In “complicated silicosis” or PMF, there is con-
glomeration of nodules to form aggregates greater 
than 1 cm in diameter (Fig. 5.5). These PMF lesions 
are usually found in the upper zones with smooth 
or irregular borders. They commonly start off at the 
outer two-thirds of the lung, migrating centrifugally 
with time towards the hilum, resulting in paracica-
tricial emphysema between the PMF and the pleura, 
with volume loss in the upper lobes. With increasing 
severity of PMF and shrinkage of the upper lobes, 
reduced nodularity in the rest of the lungs will be 
noted (Gupta et al. 1991) (Fig. 5.5). Unilateral PMF 
is uncommon and, when present, can be mistaken 
for carcinoma of the lung.

Accelerated silicosis has similar radiographic 
features as the classic form of silicosis, except for its 
earlier onset and rapid rate of progression, which is 
truncated to a period of between 5 years and 10 years. 
Silicoproteinosis is a variant characterized by rapid 
and progressive involvement of the lungs with bilat-
eral air space opacities similar to that found in alve-
olar proteinosis. The rate of progression ranges from 
a few months to a couple of years, usually culminat-
ing in death in a few years (Buechner and Ansari 
1969; Dees et al. 1978).

Lymph node involvement in silicosis reflects the 
pathogenesis of the disease, and hilar lymphadenop-
athy on the chest radiograph is therefore common. 
“Eggshell” calcification of lymph nodes has become 
synonymous with silicosis, since they were first 
described over half a century ago and are mainly 
referable to the hilar lymph nodes (Fig. 5.3), although 
abdominal lymph nodes have also been described as 
bearing eggshell calcification (Jacobson et al. 1967; 
Jacobs et al. 1956; Gross et al. 1980). Its presence 
in coal and metal miners has been attributed to 
the concomitant exposure to silica (Jacobson et al. 
1967).

Radiographic progression in silicosis is associ-
ated with the following risk factors: duration and 
concentration of silica exposure (Hughes et al. 
1982; Saiyed and Chatterjee 1985; Ng et al. 1987; 
Miller et al. 1998), initial nodular profusion on 
chest radiograph (Lee et al. 2001; Hughes et al. 
1982; Saiyed and Chatterjee 1985; Ng et al. 1987; 
Miller et al. 1998), simple and complicated disease 
(Lee et al. 2001; Saiyed and Chatterjee 1985; Ng 
et al. 1987; Miller et al. 1998), tuberculous infection 
(Jorgensen 1986), age at initial radiograph (Lee et 
al. 2001; Hughes et al. 1982), race (Lee et al. 2001; 
Hughes et al. 1982) and time interval between radio-
graphs (Lee et al. 2001; Hughes et al. 1982). Workers 

who are exposed to high concentration and longer 
duration of dust exposure with complicated dis-
ease or tuberculous infection and who are younger 
at initial radiograph, are non-Caucasians and had 
longer duration between radiographic follow-up 
are reported to be more likely to have radiographic 
progression than their counterparts. Complicated 
disease on initial chest radiograph and interval of 
radiographic follow were independent determinants 
of radiographic progression in 37% of 141 granite 
workers with silicosis exposed to high levels of silica 
(Lee et al. 2001).

There are, however, limitations associated with 
the use of the chest radiograph in the assessment of 
lung changes in pneumoconiosis. This is exempli-
fied by Epler and his colleagues, who undertook a 
study to determine the prevalence of normal roent-
genograms in chronic diffuse infiltrative lung dis-
eases (Epler et al. 1978). Of 458 cases of biopsy-
proven chronic interstitial lung disease, 10% had a 
normal chest radiograph. To further illustrate the 
point, Kipen et al. evaluated 138 autopsy specimens 
with histological evidence of parenchymal fibrosis 
obtained from insulation workers who had died of 
lung cancer (Kipen et al. 1987): in 25 (18%) cases, 
there was no radiographic evidence of parenchymal 
fibrosis. Underestimation of disease, missed diagno-
sis and greatest inter-observer error are particularly 
common in subtle disease with lower categories of 
nodular profusion (Bégin et al. 1991; Rockoff and 
Schwartz 1988).

5.5.2 
Computed Tomography/Thin-Section 
Computed Tomography

The superiority of CT, and thin-section CT over the 
chest radiograph in evaluating interstitial and paren-
chymal lung disease is well established (Epler et al. 
1978; Bégin et al. 1991; Hansell and Kerr 1991; Ooi 
et al. 1997; Muller et al. 1989). Prior to the advent 
of multi-slice CT, CT evaluation of silicosis was per-
formed using conventional or spiral CT scans com-
prising contiguous 7-mm or 10-mm section thick-
ness supplemented by thin-section CT scans obtained 
with 1–2 mm collimation (Ooi et al. 2003b; Bergin 
et al. 1986; Bégin et al. 1991; Mathieson et al. 1989; 
Remy-Jardin et al. 1990; Gevenois et al. 1994). These 
CT techniques allowed clearer depiction of nodules, 
pleural calcification and conglomeration of nodules 
than the chest radiograph. Due to superimposition 
of lesions, 7 mm or 10 mm conventional or spiral CT 
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Fig. 5.5a–e. Complicated silicosis in a 79-year-old retired tunnel 
worker. a Posterior–anterior chest radiograph shows bilateral 
large opacities in the upper lung zones near the pulmonary 
hila (arrows) compatible with the diagnosis of complicated sili-
cosis. Note that there is bilateral hilar lymphadenopathy with 
reduced background nodulation. b Spiral computed tomogra-
phy image (10-mm thickness) shows bilateral larger nodules 
with irregular shape, suggesting progressive massive fi brosis 
(PMF). There are paracicatricial emphysema around the PMF 
in the right lung. c Mediastinal window image shows punctuate 
calcifi cation in the PMF as well as in the mediastinal lymph 
nodes. d Macroscopic lung image in coronal section reveals 
black-pigmented PMF in the right upper lung zone adjacent 
to and contiguous with the right hilar lymphadenopathy. There 
is moderate centrilobular emphysema but sparse silicotic nod-
ules. e Gough–Wentworth whole-lung section clearly demar-
cates the PMF as well as silicotic nodules with pigmentation. 
Note that there are advanced emphysematous changes around 
the PMF in both upper lobes

a

b

c

d

e
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sections are advocated as the best technique to iden-
tify micronodules clustered around vascular struc-
tures (Mathieson et al. 1989), while thin-section CT 
is superior to the thicker conventional or spiral CT 
sections in imaging small nodules less than 1.5 mm 
with low attenuation that may be obscured by partial 
volume averaging in the latter CT techniques (Bégin 
et al. 1988, 1991).

The superiority and utility of thin-section CT in 
identifying nodules not seen on the chest radiograph 
or on conventional or spiral CT is illustrated in the 
study by Bégin et al. (1991). They studied 49 patients 
who had been exposed to silica dust in mines and 
foundries. All 49 had ILO chest radiograph scores of 
0 or 1. Of the 49 patients, 32 had normal chest radio-
graphs, 6 were categorized as having indeterminate 
chest radiographs and 13 had abnormal chest radio-
graphs. Of the 32 patients with normal chest radio-
graphs, 13 (41%) cases were identified using either 
CT or thin-section CT to have silicosis. In addition, 
a further 10% of cases were diagnosed to have sili-
cosis only on the thin-section CT scan (Bégin et al. 
1991).

Early confluence of nodules and emphysema that 
are not obvious on the chest radiograph can be dem-
onstrated on conventional or spiral CT and thin-sec-
tion CT (Ooi et al. 2003b; Bergin et al. 1986; Bégin 
et al. 1991) (Fig. 5.6). In a study of 76 men with silico-
sis, Ooi et al. determined that 26 had simple silicosis 
based on their chest radiographs; the remaining 50 
men had radiographic evidence of PMF (Ooi et al. 

2003b). Of the 26 men with radiographic evidence of 
simple silicosis, 10 (38.5%) were found to have early 
confluence of nodules greater than 1.5 cm, denoting 
PMF, on CT (Ooi et al. 2003b). A similar proportion 
(40%) of workers with PMF diagnosed on CT were 
also noted to have been under-represented on the 
chest radiograph in a separate study by Bégin et al. 
(1988).

Gevenois et al. studied the lungs of 40 coal miners 
without radiographic evidence of pneumoconiosis 
(ILO profusion score <1/0) with CT and thin-sec-
tion CT (Gevenois et al. 1994). They noted that the 
combined technique was superior to either tech-
nique alone in the detection of pulmonary nodules. 
The combined technique identified micronodules in 
16 of the 40 miners (40%) who were determined on 
the chest radiograph not to have pneumoconiosis. 
The combined CT technique, therefore, optimizes 
characterization and delineation of disease extent in 
silicosis and has been extensively evaluated by sev-
eral workers in the study of pneumoconiosis (Ooi 
et al. 2003b; Bergin et al. 1986; Bégin et al. 1991; 
Mathieson et al. 1989; Remy-Jardin et al. 1990; 
Gevenois et al. 1994). However, with the advent of 
multi-slice CT, it is now possible to retrospectively 
reconstruct the acquired data into any slice thick-
ness and algorithm necessary to evaluate the lungs 
in silicosis (Fig. 5.7).

On CT and thin-section CT, the silicotic nodules 
are well defined, ranging from 2 mm to 5 mm, and 
are found predominantly in the centrilobular and 

Fig. 5.6a,b. A 69-year-old retired construction site worker. a 
Posterior–anterior chest radiograph shows irregular nodular 
opacities in both upper- and mid-zones. b Spiral computed 
tomography (7-mm thickness) through the lung apices show 
early conglomeration of nodules, particularly on the lefta

b
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Fig. 5.7a-c. A 56-year-old tunnel blaster with simple silicosis 
and lung cancer who was evaluated with multi-slice computed 
tomography (CT) scan of the thorax (2.5-mm slice thickness) 
with retrospective reconstruction into 1.25-mm thin-section 
CT scans. a CT scan (2.5-mm thickness) shows small centri-
lobular nodules in both lungs, with an irregular mass in the 
superior left hilum. b Thin-section CT scan (1.25-mm thick-
ness) at the same level as a was reconstructed from the multi-
detector CT data set. c CT scan (2.5-mm thickness) in medias-
tinal window shows enlarged mediastinal lymph nodes with 
dense (arrowheads) and eggshell (arrows) calcifi cation

a b

c

subpleural distribution (Fig. 5.1 and Fig. 5.8). Usu-
ally diffuse and bilateral with posterior lung domi-
nance, the nodules in milder cases may be confined 
to the upper lobes, with sparing of the lower zones. 
Conglomerate masses or PMF appear as mass-like 
consolidation, usually with irregular margins and 
associated with adjacent paracicatricial emphysema 
and lung parenchymal architectural distortion 
(Fig. 5.5, Fig. 5.9 and Fig 5.10). The PMF lesions are 
usually found in the apical and posterior segments 
of the upper and lower lobes. Cavitation of the PMF 
lesions occurs as a result of ischemic necrosis or 
tuberculous infection (Fig. 5.9). Calcification when 
present may be punctuate, linear or massive (Akira 
2002) (Fig. 5.5). Paracicatricial emphysema (Fig. 5.9, 
Fig. 5.10) has been observed to be more prominent 
in patients with silicosis compared with coal work-
ers’ pneumoconiosis (Remy-Jardin et al. 1990). In 
their review of thin-section CT scans in 55 patients 
with type-p pneumoconiosis, Akira et al. found 
intralobular areas of low attenuation with a cen-
tral dot, which corresponded to irregular fibrosis 
around and along the respiratory bronchioles and 
to focal areas of centrilobular emphysema in two 

post-mortem specimens (Akira et al. 1989). Nev-
ertheless, there is still debate whether centrilobular 
emphysema (Fig. 5.10) found in silicosis is due to 
silica dust per se, exposure to other dust, such as coal 
and asbestos, or to concomitant smoking (Bégin et 
al. 1991, 1995; Kinsella et al. 1990). Some studies 
have reported that emphysema in silicosis occurs 
independently of smoking (Gevenois et al. 1998; 
American Thoracic Society Committee of the 
Scientific Assembly of Environmental and 
Occupational Health 1997; Hnizdo et al. 1994), 
while other investigators believe that silicosis per 
se without PMF does not contribute to emphysema 
(Bégin et al. 1991, 1995; Akira et al. 1989; Kinsella 
et al. 1990; Gevenois et al. 1998).

Hilar and mediastinal lymph nodes are gener-
ally enlarged and may calcify. Ooi et al. reviewed 
CT scans of 41 men with silicosis for distribution 
and pattern of calcification of mediastinal lymph 
nodes in six lymph node stations (Ooi et al. 2003a). 
All patients had enlarged lymph nodes in at least 
two lymph node stations, with calcification found 
in nearly 50% of lymph node stations. Hyperdense 
lymph node (Fig. 5.8) was present in one-third of 
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Fig. 5.8a,b. A 78-year-old retired construction site worker. a Computed tomography (CT) scan (7-mm thickness) through the 
upper lobes shows typical silicotic nodules in a centrilobular distribution. b CT scan in mediastinal window shows densely 
calcifi ed (arrow) and hyperdense (arrowheads) lymph nodes in the mediastinum and hila

a b

a b

Fig. 5.9a,b. A 74-year-old retired tunnel blaster with progressive massive fi brosis (PMF) complicated by tuberculosis. a Thin-
section CT scan through the lung apices shows a cavitating PMF lesion (arrowheads) in the right upper lobe secondary to 
mycobacterium tuberculosis infection. Note paracicatricial emphysema (arrows) surrounding the left PMF lesion and traction 
bronchiectasis in both lung apices. b Thin-section CT scan through the lower lobes shows a loculated pneumothorax (arrows) 
at the lateral aspect of the left lower lobe secondary to ruptured paracicatricial emphysema

lymph node stations, most frequently in the sub-
carinal region. The predominant type of calcifica-
tion was the uniformly dense calcified lymph node 
(53.4%) (Fig. 5.7 and Fig. 5.8) followed by the speck-
led variety (26.4%). Central, eccentric and eggshell 
calcification (Fig. 5.7) was rare (4.3, 7.7 and 5.2%, 
respectively).

Thin-section CT appearances of silicoproteinosis 
have been described only in occasional case reports 
(Marchiori et al. 2001). In addition to diffuse 
ground-glass opacities that typify idiopathic alveo-

lar proteinosis, the presence of centrilobular poorly 
defined nodules and consolidation in the dorsal 
portion of lower lobes serve to differentiate silico-
proteinosis from the former. Bilateral hilar lymph-
adenopathy is another discriminating feature found 
in silicoproteinosis. The pathological basis for the 
centrilobular nodules and peripheral consolidation 
has not been disclosed, although ground-glass opac-
ity has been attributed to the accumulation of excess 
alveolar surfactant protein.
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5.5.3 
Radiological–Clinical Correlation Using 
CT Techniques

Most studies that have evaluated the utility of CT in 
silicosis have largely applied the ILO classification, 
with some modifications, to grade nodular profu-
sion on CT (Bergin et al. 1986; Bégin et al. 1987, 
1991, 1995; Kinsella et al. 1990; Ooi et al. 2003a; 
Talini et al. 1995). Although some previous stud-
ies have shown a poor relationship between nodular 
profusion and lung function (Bergin et al. 1986), 
other workers have described associations between 
deteriorating lung function and nodular profusion 
and coalescence, respectively (Ooi et al. 2003b; 
Bégin et al. 1988; Kinsella et al. 1990; Gevenois 
et al. 1998; Talini et al. 1995). Bégin et al. investi-
gated the relationship between lung function, air-
flow limitation and lung injury assessed on the chest 
radiograph and CT scans in 94 silica-exposed work-
ers in the foundry and granite industries (Bégin et 
al. 1988). Workers who had radiographic or CT evi-
dence of coalescence of nodules and conglomerate 
masses had significant reductions in lung volume, 
impaired gas exchange and airflow obstruction 
compared with their counterparts who did not show 
lung function impairment.

In their study on 17 patients with silicosis and 
6 controls, Bergin et al. graded CT scans for nodu-
lar profusion and extent of emphysema and mea-
sured mean lung attenuation (Bergin et al. 1986). 
Although there was a significant correlation between 
ILO radiographic scores of nodular profusion and 
mean lung attenuation and visual CT scores, there 

was poor correlation between radiographic and CT 
scores of nodular profusion and lung function. There 
was, however, a significant relationship between 
extent of emphysema graded on CT and indices of 
airflow obstruction (r>0.66, P<0.001) and diffusing 
capacity (r=0.71, P<0.001).

Emphysema in silicosis can arise from a number 
of factors, including cigarette smoking, exposure to 
silica and other dusts such as coal and asbestos and 
the presence of PMF, as discussed above. To address 
this issue, Kinsella et al. stratified 30 silica exposed 
workers into two groups: one group comprised 18 
workers who were ex-smokers or current smokers, 
and the second group consisted of 12 workers who 
were lifetime non-smokers (Kinsella et al. 1990). 
Comparison was made between the two groups 
with respect to extent of emphysema and nodules, 
respectively, on CT. Extent of emphysema was the 
strongest independent predictor of lung function 
impairment, while extent of nodules was a weaker 
independent predictor of diffusing capacity only. 
This study also showed that in the absence of PMF, 
smokers had worse emphysema and lung-function 
impairment than non-smokers. There was no such 
difference in the group with PMF. The authors, in 
agreement with other investigators, concluded that 
in the absence of PMF, silicosis was not associated 
with significant emphysema (Bégin et al. 1991, 1995; 
Akira et al. 1989; Kinsella et al. 1990; Gevenois 
et al. 1998).

In 2003, Ooi et al. further explored the relation-
ship between nodular profusion, PMF, emphysema 
and lung function in 76 silica-exposed men (Ooi 
et al. 2003b). Nodular profusion on CT was evalu-

a b

Fig. 5.10a,b. A 68-year-old retired construction site worker. a Thin-section CT scan through the upper lobes shows bilateral 
progressive massive fi brosis (PMF) with surrounding paracicatricial emphysema. b Thin-section CT scan through the lower 
lobes shows confl uent centrilobular emphysema (asterisks) in the right lower lobes and bullae in the left lower lobe (arrows)
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ated visually and also quantitatively by application 
of attenuation threshold to isolate areas of attenua-
tion greater than -100 HU. Mean lung density was 
also obtained and emphysema quantified using an 
attenuation threshold less than -950 HU. Visual and 
quantitative CT parameters of nodular profusion 
and extent of PMF and emphysema showed inverse 
relationships with lung function indices: the correla-
tion coefficients ranged from 0.47 to 0.63, (P<0.001) 
and 0.41 to 0.61 (P<0.001) for FEV1 and FEV1/FVC, 
respectively. Chest radiograph scores for nodular 
profusion showed similar relationships to indices 
of obstruction, albeit with lower correlation coef-
ficients. After multiple regression, extent of PMF 
and emphysema remained significant independent 
determinants of FEV1 and FEV1/FVC, while mean 
lung attenuation was an independent predictor of 
lung volume and diffusing capacity. Smoking and 
duration of silica exposure exerted no independent 
effects on lung function. Although there were no 
significant differences with respect to age, dura-
tion of silica exposure and cigarette consumption 
among workers with simple silicosis and PMF, those 
with PMF had significantly impaired lung func-
tion and higher radiological scores compared with 
their counterparts. Abnormal FEV1 and FVC (<70% 
predicted) were also observed in one-third of work-
ers with simple silicosis, consistent with the result 
of a recent meta-analysis that found an associa-
tion between silica exposure and airflow obstruc-
tion, even in non-smokers (American Thoracic 
Society Committee of the Scientific Assembly 
of Environmental and Occupational Health 
1997; Hnizdo et al. 1994; Oxman et al. 1993; 
Becklake et al. 1987).

Ooi et al. also evaluated the relationship between 
mediastinal lymph node attenuation with severity of 
nodular profusion and PMF on CT and lung function 
in 41 men with silica exposure. Increasing lymph 
node attenuation was directly related to severity of 
nodular profusion and PMF and inversely related 
to diffusion coefficient (Ooi et al. 2003a). Men with 
more severe nodular profusion also had a greater 
number of calcified lymph node stations, while men 
with larger numbers of calcified lymph node stations 
had significantly reduced diffusion coefficients com-
pared with those with fewer calcified lymph node 
stations. These relationships imply that mediastinal 
lymph nodes in silicosis increase in attenuation and 
calcification with severity of lung disease and func-
tional impairment and concur with the findings of 
Friedetzky et al., who determined that changes in 
lymph nodes occurred in tandem with lung changes 

in rats induced with silicosis (Friedetzky et al. 
1998). Similar associations between dust-related 
changes in the hilar lymph nodes and pneumo-
coniotic lung disease were also found in a post-
mortem study of 123 coalminers (Seal et al. 1986). 
Release of dust-laden macrophages from rupture of 
necrotic collagenous material from affected lymph 
nodes into adjacent bronchus or pulmonary arterial 
branch have been postulated to perpetuate the cycle 
of inflammation and fibrosis in silicosis (Seal et 
al. 1986). Impaired lymphatic clearance may be an 
alternative mechanism to explain these associations 
between hilar lymph nodes and pneumoconiotic 
lung changes.

5.6 
Complications

There are a few diseases that may complicate silico-
sis; these are primarily Caplan’s syndrome, tubercu-
losis, carcinoma and connective tissue disease. The 
two most serious complications, lung cancer and 
tuberculosis, may affect the prognosis and natural 
history of the underlying disease.

Caplan’s syndrome, also known as rheumatoid 
pneumoconiosis, was initially identified in coal 
workers’ pneumoconiosis but is now known to occur 
in silicosis as well (Honma and Vallyathan 2002). 
The incidence of this disease ranges from 0.48% to 
0.74% (Honma and Vallyathan 2002). The rheu-
matoid pneumoconiotic nodules are similar to 
necrobiotic nodules seen in rheumatoid arthritis 
and are described as either classic or silicotic type 
based on their pathological findings (Honma and 
Vallyathan 2002). The classic type corresponds to 
the original Caplan’s cases, showing large nodules 
characterized by uniform necrosis and associated 
with little background pneumoconiotic nodules. 
The silicotic type consists of multiple smaller nod-
ules, with the necrotic area retaining some charac-
teristics of a silicotic nodule. In both types, a layer 
of palisaded inflammatory cells surrounds the 
peripheral zone of the nodules. On the chest radio-
graph, rheumatoid pneumoconiosis presents with 
multiple well-defined nodules ranging from 5 mm 
to 5 cm distributed throughout both lung fields with 
peripheral predominance (Caplan 1953). Charac-
teristically, these nodules appear suddenly within a 
few months during the follow-up of those patients. 
On CT, the rheumatoid pneumoconiotic nodules are 
well defined and may cavitate and calcify (Arakawa 
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et al. 2003). However, it may be impossible to distin-
guish silicotic-type nodules of rheumatoid pneumo-
coniosis from silicotic nodules per se.

It is well established that silicosis predisposes 
to tuberculous infection, although this predisposi-
tion is dependent on the prevalence of tuberculosis 
in the population from which the workers originate 
(Becklake 1992). Workers with more severe disease 
in terms of nodular profusion and PMF are at great-
est risk of acquiring tuberculosis, which in turn is 
associated with an increased likelihood of radio-
graphic progression (Lee et al. 2001). Cavitation of 
PMF lesions (Fig. 5.9), unusually rapid advancement 
in nodular profusion or size and presence of tree-
in-bud opacities on CT, indicating endobronchial 
infection, are pointers to the development of silico-
tuberculosis (Lee and Im 1995; Kuhlman et al. 1994; 
Solomon 2001). In cases of indolent nodular tuber-
culosis, it may be impossible to isolate the tubercle 
bacilli in the sputum, in which case polymerase 
chain reaction has been advocated as a means of 
identifying the organism (Cheng et al. 1993).

The association between silicosis and lung cancer 
is also well documented. Silica has been recognized 
as a probable human carcinogen [International 
Agency for Research on Cancer (IARC) type 2A] 
since 1987 (IARC monographs; 1987). In 1997 (IARC 
monographs; 1997) the classification of silica was 
changed from 2A (probable human carcinogen) to 
type 1 (known human carcinogen). The risk is great-
est for workers with established silicosis compared 
with those with silica exposure, who have a reduced 
albeit still elevated risk of lung cancer (Chiyotani 
et al. 1990; Smith et al. 1995; Tsuda et al. 2002).

The strength of the association between silicosis 
and connective tissue disease varies with the type 
of connective tissue disorder. The risk of developing 
systemic sclerosis, particularly in workers with high 
exposure to silica dust, is well established, although 
such casual associations between silicosis, rheu-
matoid arthritis and systemic lupus erythematosis 
are less widely reported (Rosenman 1999; Sluis-
Cremer et al. 1985, 1986; Sanchez-Roman et al. 
1993)

5.7 
Differential Diagnosis

A similar centrilobular and subpleural distribution 
of nodules may be noted in sarcoidosis and lym-
phangitis carcinomatosis, although a careful review 

of the clinical history may provide useful pointers 
for and against these other diseases. In addition, on 
thin-section CT, there are a few distinguishing fea-
tures, such as beaded septa and fissures and reticu-
lar opacities, which are usually not found in silico-
sis. Clustering of nodules around parahilar regions 
and bronchi are also more commonly found with 
sarcoidosis.

5.8 
Future Developments

Despite the considerable debate over the role of 
emphysema, nodule coalescence and PMF in the 
development of airflow obstruction in silicosis, the 
ILO classification does not provide classification of 
emphysema, although it recognizes the presence of 
bulla, which it denotes as “bu” (Geneva, Inter-
national Labor Office 2000). There is, however, 
no system for quantifying bullous change. The 
chest radiograph is also significantly insensitive in 
evaluating the extent or severity of emphysema in 
comparison with CT and thin-section CT, which are 
techniques that allow quantification of severity and 
extent of both emphysema and lung nodules. There 
is also no current consensus on the size of PMF in 
the pneumoconiosis. Although the ILO radiographic 
classification recognizes the presence of PMF when 
a single opacity in the radiograph exceeds 1 cm in 
diameter (Geneva, International Labor Office 
2000; Bégin et al. 1988), the College of American 
Pathologists defines PMF in coal workers pneumo-
coniosis as lesions larger than 2 cm (Gamsu 1991; 
Kleinerman et al. 1979).

There is, therefore, a need for a standardized, 
reproducible and internationally accepted CT/thin-
section CT classification system for the pneumoco-
niosis in the English language, such as the ILO clas-
sification for the chest radiograph. There has been a 
recent multi-center study involving an international 
panel of experts who have applied a coding sheet for 
CT/thin-section CT lung appearances developed 
by a task group on Diagnostic Radiology in Occu-
pational and Environmental Diseases (Hering 
2004; Hering and Kraus 2005). This coding sheet 
is a descriptive classification of CT and thin-sec-
tion CT appearances of parenchymal and pleural 
abnormalities found in occupational and environ-
mentally related diseases. In this system, not only 
is the presence of each abnormality found in each 
lung zone and the pleura described, but also, at the 
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same time, the severity and extent of silicotic nod-
ules, PMF, diffuse interstitial fibrosis (i.e., reticular 
opacities and ground-glass opacity) and emphysema 
are quantified based on the reference images. The 
establishment of a reproducible CT/thin-section CT 
classification system would, therefore, standardize 
the reporting and documentation of abnormalities 
found in the CT/thin-section CT evaluation of pneu-
moconiosis.

Other imaging techniques that are currently 
available to evaluate the chest include magnetic 
resonance imaging (MRI) and positron emission 
tomography (PET), although the utility of both tech-
niques has not been substantially evaluated or vali-
dated in silicosis. Matsumoto et al. evaluated MR 
appearances in 17 patients with 34 PMF lesions, 11 
of whom had silicotuberculosis (Matsumoto et al. 
1998b). They classified signal intensity pattern on 
T1- and T2-weighted images (WI) and the pattern 
of contrast enhancement. The most common signal 
change of PMF lesions was isointensity (70%) on T1-
WI and hypointensity (68%) on T2-WI relative to 
skeletal muscle. In 41% of lesions, focal hyperintense 
areas were noted within the PMF lesions, which cor-
responded to low density areas on CT, suggestive of 
necrosis. Rim enhancement was present in a little 
over half (53%) of all cases. Diffuse enhancement 
was noted in only 2 of 34 PMF lesions; the remaining 
lesions did not enhance reflecting the hypovascular 

nature of the hyaline collagenous tissue without for-
mation of new capillaries or cellular reaction that 
comprise PMF lesions in silicosis (Spencer 1985). 
The authors hypothesized that the rim enhancement 
described above was due to collapsed alveoli caused 
by emphysema (Matsumoto et al. 1998b). The same 
authors also described MRI features of lung cancer 
occurring in a patient with PMF (Matsumoto et al. 
1998a) as a high-signal intensity area separate from 
the fibrotic mass, which appeared as a low-signal 
intensity area, on both T1- and T2-weighted images. 
MRI, particularly with gadolinium enhancement, 
may therefore be potentially useful in differentiat-
ing lung cancer from the fibrous tissue in the PMF 
lesions. Other uses of MRI may lie in imaging com-
plications of silicosis that involve the central vessels, 
such as pulmonary artery stenosis, with MR angiog-
raphy being a less invasive modality than conven-
tional angiography (Mahnaken et al. 2001).

The utility of PET-CT in silicosis has not been 
thoroughly investigated, but increased uptake has 
been described in both PMF lesions and also in 
enlarged mediastinal and hilar lymph nodes in sili-
cosis (O’Connell and Kennedy 2004) (Fig. 5.11). 
Whether this will present problems when there is a 
concomitant lung cancer arising in a silicosis patient, 
particularly one complicated by PMF, remains 
unclear, although Bandoh et al. have described the 
utility of PET in identifying malignancy in the set-

Fig. 5.11a,b. A 71-year-old retired metal ore miner. a Chest radiograph shows multiple conglomerated masses in both upper 
and lower lobes with diffuse pleural thickening adjacent to the masses bilaterally. Silicotic nodules are also present especially 
around the masses. b F-18 Fluorodeoxyglucose (FDG) positron emission tomography image with maximum intensity projec-
tion shows increased uptake of FDG in the progressive massive fi brosis lesions. The high uptake in the upper lobe lesions is 
indistinguishable from that of pulmonary neoplasm. The uptake in the lower lobe lesions is less prominent. Weak uptake is also 
identifi ed in bilateral hilar lymph nodes and left supraclavicular node

a b
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ting of pneumoconiosis (Bandoh et al. 2003). A new 
PET tracer, a fluorinated analog of proline amino 
acid, cis-4-[(18)F]fluoro-L-proline (FP), was tested 
for potential use in PET for detection and evalua-
tion of pulmonary response to respirable crystalline 
silica in experimental rabbits (Wallace et al. 2003). 
The results were promising, with increased uptake 
noted in the lungs of silicotic animals compared 
with controls. This suggests that FP PET imaging 
may have the potential sensitivity to detect active 
fibrosis in silicosis and other lung diseases.
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