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I. INTRODUCTION 

Silicosis was first reported by the ancient Greeks and is as old as the history of man. The prevalence 
of this illness apparently peaked in the last half of the 19th century and the early part of this century. The 
aggressive industrialization of America, the development of powered tools which generated massive 
amounts of respirable size dust particles, the failure to recognize a latency period between exposure and 
developmem of disease, an inadequate (or perhaps careless) understanding of the relationship between 
dust exposure and disease, and respiratory protection proven to be inadequate has resulted in a series of 
epidemics of silicosis which have caused the premature death of many workers. l - ll 

Since the recognition of the dose-relatedness of this disease and the ini tiation of and compliance with 
effect ive dust conlfol measures, the prevalence of silicosis has decreased dramatically.12- 14 The currem 
U.S. Occupational Safety and Health Administra~ion permissible exposure limit (PEL) for respirable free 
silica is 100 llg/m3.15 Tn some mines and quarries , compliance with this level has been achieved by 
instituting weHing techniques and improving ventilation; yet, in industries such as sandblasting, silica 
mining. and rock drilling, workers remain potentially exposed to many times the acceptable limit of 
resp irable free silica (Table 1). In the U.S., particles much less toxic than silica are available for blasting. 
and since 1974, the National lnst ilUte for Occupational Safety and Health (NIOSH) has recommended 
subst itution of non-silica containing particles in abrasive blasting. '6.17 Where silica sand is used in 
blasting, epidemics of very aggress ive silicosis have recurred, even in developed countries where safe 
exposure limits are defined and respiratory protection is available l8 (Figure I). 
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Occupa tion 

Mining 
M i ll ing 
Quarryi ng and slone work 
Foundry work 

Sandblasl ing 

Pottery making 
Glassmaking 
Boiler work 

Silica and Silica· /nduced Lung Diseases 

TABLE 1 
Major Industries with Silica Exposure 

Exposure 

Silica contaminants in mined material. 
Dry, finely ground silica (silica nour) is used for abrasives and fi ller. 
Slate, grani te, and sandstone exposures. 
Silica is used as a mold; FeHling and chipping produce fine particles but are necessary 
to make a better molded product. 

Ship building, oi l rig maintenance, and preparing steel for pai nti ng are major sources 
of exposure. 

Crush ing fl in l and FeHling are major sources of exposure. 
Sand is used to polish and as an abrasive. 
Cleaning boilers may result in ex.posure to fi ne particulate quartz dust derived from 

coal and refractory brick dus!. 

FIGURE 1 This respiratory protective device shows fine silica dust within the apparatus. Technologically sophisticated 
attempts such as this to protect the worker from excessive dust exposure are inadequate when faced with very fine particles. 

II. DETERMINANTS OF SILICOSIS 

Silicon dioxide, or silica, is the eanh 's most abundant minera1. Si licosis, the pulmonary disease caused 
by the inhalation of silica part icles, occurs in workers consistently exposed to respirable size (0.5- 10.0 
microns in diameter) silica particles at levels exceeding those recognized to be safe. Al though host factors 
such as genetics, smoking, and underlying disease may play roles in the development of silicosis, the 
primary de temunants of whether a worker develops disease are lhe silica dose in ambient air (including 
the percentage of free crystalline silica in the dust p~icles) , the duration of dust exposure. whether the 
silica is crystalline, and the particle size. 

For example, hard~rock mining exposures appear to affect smokers and nonsmokers differently. 19.20 In 
never-smokers with dust exposure, a restrictive effect may occur, as reflected by decreasing total lung capacity 
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and residual volume. Yel, in smokers with this same dust exposure, the mean effect was increasing total lung 
capacity and residual volume and a decreasing diffusion capacity when adjusted for alveolar volume. 
Funhennore, greater airflow limitation occurred in dust-exposed compared to nondusl-exposed smokers. 

There is little information concerning the effect of cigarene smoking on the lung function of workers 
with silicosis. Most studies have attempted to identify the effects of s ilicosis by radiographic category on 
lung function and have been unable to identify clear differences attributable to cigarette s moking.2 1-2~ 

Irwig and Rocks15 compared lung function parameters in 110 pairs of s ilicotic and nonsil icot ic miners 
matched for numerous parameters including smoking category. There was no significant difference in the 
spirometric values between the two groups, implying that dust exposure was the most important deter­
minant of outcome in lung function. 

In a more recent report, an additive effec t of cigarette smoking and silica inhalation has been 
recognized. In a population of black South African gold miners with a very high percentage of silicosis 
(857/1197 miners) studied in a cross-sectional manner, 67 % of the workers had bronchitis, including 45 % 
of the nonsmokers .26 When adjusted for smoking and other demographic parameters, there was a dose­
dependent decline in FEV1 (forced exploratory volume in 1 second), FVC (forced vital capacity), and 
OLeO (diffusing capacity of the lung for carbon monoxide). In this group, the effect of 25 years of dust 
exposure was associated with an additional decline of 8 ml per year in FEV I, while the effect of 25 "pack 
years" (years smoking times packs smoked per day) of cigarette smoking resulted in an additional decline 
of7 ml per year. In this report, the loss in lung function appeared dependent on sil icosis category and not 
current dust exposure. 

Only respirable size particles are deposited in the alveoli. Particles less than 1 !lm in diameter are 
believed to be the most fibrogenic. Depending on particle size, up to 80% of the silica dust deposited in 
the alveoli is quickly cleared. It is the small fraction of retained particles which initiates the fibrogenic 
process. It is not surprising, therefore, that the duration of exposure, the amount of exposure, and the 
content of free crystalline silica in the dust are the most important detenninants of progression of this 
disease.27 Although there are numerous jobs where the ri sk for silicosis exists, exposures to fin ely milled 
silica in the production of silica flour (a material used as a filler or as an abrasive), sandblasting, drilling 
into sil iceous rock (Figure 2), and grinding and chipping among foundry workers are examples of jobs 
where potentially li fe- threatening exposure to respirable size particles occurs, where the silica content of 
the particle is high, and where si licosis can develop unless action is taken to protect the worker. 

In the Vennont granite workers' industry engineering controls have been implemented and the 
prevalence of sil icosis nearly eradicated. The effec t of silica dust (from granite grinding and chipping) 
exposure on this population serves as the backbone of the federal regulations for permissible sil ica 
exposure.28- 32 Investigators who have studied this industry have recorded a legacy of workers with 
premature death from silicosis and mycobacterial disease beginning in the early parts of this century. 
Earlier this century, two studies were performed on this popUlation within a 20 year span. Each showed 
serious granite dust-induced lung disease with the premature death of workers employed in the granite 
industry.4.s However, beginning in the 1950s, there was evidence that institution of dust control measures 
had produced a safer workplace.6.33,34 A recent landmark paper by Graham, et aI. , showed that the 
mandated current levels of permissible granite dust exposures in these workers are protective.3S In the 
same year a report from England detailed aggressive silicosis in stone masons, showing how severe 
silicosis can be in the same industry when adequate respiratory protection is not used.36 

III. THE EFFECT OF SILICA DUST ON LUNG FUNCTION 

I f There are two primary respiratory risks to the worker who has silica exposure. The first is the 
development of simple silicosis - typically with no or little impairment - with the potential to progress 
to conglomerate silicosis (also known as progress ive massive fibrosis) - a disease capable of inducing 
severe respiratory disability and a shortened life span.37

•38 In silicosis, depending on the overall dust 
burden and the rate of disease development, silicotic nodules, the histOlogic hallmark of this disease, may 
begin de novo or continue to enlarge even after exposure has ceased. For this reason, the physician's initial 
response to the diagnosis of silicosis should be to recommend that the worker cease silica exposure. Even 
if the worker ceases exposure , this does not guarantee that the disease will not progress. Attempting to 
lessen dyspnea is an important part of the treatment for this illness. This includes therapy with inhaled 
bronchodilators and theophylline preparations. There are no proven methods for halting the progression 
of this illness or reversing silica- induced impainnent. 
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FIGURE 2 This is a photo of a surface coal mine drilling machine in action. After these holes afC bored, explosive cbarges 
arc inserted and detonated . In Ihis way, the overburden is disturbed so that it may be removed and me underl ying coal scam 
exposed. The risk of exposure in th is occupation is not 10 coal hut to sil iceous rock overlyi ng the coal seam. An operator is 
required to sit in the cab adj acent to the drilling apparatus in order to monitor drilling progress. Such work can be exceedingly 
dangerous because of the dust hazard. These machines generate overwhelming amounts of respirable size du st. typically with 
a high frce crystalline silica content. 

The second risk is the developmel1t of mycobac terial infection with ensuing respiratory impainnent. 
It appears that silica exposure. even in the absence of si licosis. predisposes the worker to mycobacterial 
infection.39 In some silica exposed workers. silicotic nodules are present but of an inadequate profusion 
to allow for a radiographic diagnosis of silicosis.4o Yet, the mechanisms of fibrogenesis are underway and 
cellular and humoral features which alter immunologic mechanisms and which may also be a result of 
silica-induced immunologic impairment are present:H- 51 Mycobacterial infection in a si licotic worker has 
the very great pOlential to hasten the development of respiratory impainnent and shorten the worker' s life. 
Identifying changes in the chest radiograph of an individual with silicosis over a relatively short time 
period means superimposed mycobacterial infection until proven otherwise. A new infiltrate, coalescence 
of nodules in the upper lung fields, an acute chest illness, or cavitation of a pre-existing lesion are reasons 
for great concern and demand an aggressive search for mycobacterial organisms. 

Although not studied in a systematic fashion. it is clinically reasonable to undertake yearly chest 
radiographs and application of a purified protein derivative (PPO) skin test in those with silicosis. If the 
PPO becomes positive without clinical evidence of active tuberculosis, at least a year of isoniazid therapy 
is indicated.52- 54 Many advocate longer, even life-long, antituberculous prophylactic therapy in this 
setting because of the very real possibility of extensi ve irreversible damage to the silicotic lung by this 
organism.55 

Few reports have described the effect of silica dust inhalation on respiratory function among workers 
without silicosis. Among South African gold miners with silica dust exposure, Hnizdo56 showed that 
cigarette smoke and dust exposure resulted in an additive loss of the FEV j • For example, the expected 
5 year loss in FEV 1 in a 50-year-old underground miner with a 60 pack year cigarette smoki ng history 
was 689 ml. In the same miner without a smoking history, the FEV I decline was 236 ml. In this 
population, the contribution of tobacco smoking was substantially greater than that of dust. Nonsmoking 
miners in the highest dust concentration had greater lung function than non-miners who smoked a 
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package of cigarettes per day. Yet, the nonsmoking silicotics group had a significantly lower FEV1 than 
nonsmokers without silicosis. Furthennore .- in this same group of miners, workers exposed to sil ica dust 
who smoke were at a higher risk of dy ing from chronic obstructive lung disease than those not exposed 
to silica dust. j7 

In Cowie's previously cited work,26 underground miners with silica exposure, but without silicosis, 
had supranollnal values for FVC, FEV 1, and DLCO. In autopsied lungs from si lica-exposed miners, 
emphysema was exceedingly rare unless concomitant cigarette smoking had been a part of the miner's 
lifestyle. 58 Overall, unless silicosis is recognized, the effects of silica exposure in the work place is 
thought unlikely to cause clinically important lung funct ion decl ines. 

IV. THE DIAGNOSIS OF SILICOSIS 

There are three requisites for the diagnosis of silicosis. First, the worker must provide a history of silica 
exposure sufficient to cause this illness. Second, the ches t radiograph must show opacities consistent with 
silicosis. Third, no underlying illnesses should be present which mimic silicosis. The most common 
diseases which might mimic silicosis include a miliary distribution of mycobacterial or fungal organisms, 
or in an unusual circumstance, sarcoidosis. Although respiratory symptoms and lung function impainnent 
commonly are present, neither is necessary for the diagnosis of silicosis. 

The first diagnostic criterion which must be addressed by the physician, detennining whether the 
worker' s occupational silica exposure is sufficient to cause silicosis, can be difficult. This requires 
knowledge about the work place environment and the worker' s exposures. The most important informa­
tion includes knowledge regarding the length of employment, exposure measurements (if available), and 
a recognition of whether the worker was provided effec tive respiratory protection. A reasonable starting 
paim is the view that silicosis occurs in association with industrial processes where the silica particle is 
made respirable size. This is the common thread among occupat ions where silicosis is a clearly recog­
nized risk (e.g., sandblasting, drill ing into siliceous rock, or exposure to finely milled silica {silica flour]). 
Without manipulation of the silica particle so that it becomes respirable size, the particle is trapped in the 
upper airway defenses, and si licosis does not occur. Furthermore, the adequacy of respiratory protection 
devices are highly variableJ Sil icosis can certainly occur in workers even though they use personal 
respiratory protection. To begin with, since each respirator has a limit beyond which the dust level 
exceeds the protective capacity, the worker may be using a resp iratory protective device which is 
inadequate for the amount of dust present. Second, the worker may be using the wrong type of respirator. 
As an example, respiratory protec tive devices are designed to protect for the specific exposure. If a 
solvent mask were used for dust protection, the effectiveness would be compromised. Third, the 
respiratory protect ion may be ill·fming. Finally, because these protective devices are associated with an 
increased work of breathing, which makes work more difficult, the worker may not lIse effective available 
protection. How some workers develop silicosis (or greater or lesser extents of this illness) whi le 
employed in the same general work area may be re lated to the adequacy of respiratory protection. 
Information regarding the silica dust levels in the work place can also provide important infonnation. 
However, this approach cannot be guaranteed to represent the complete picture. Cases of acute silicosis 
in surface coal mine drillers have been reported where the measured dust levels were within normal 
Iim its.9 In this report, the measurements were not representative of the overwhelming dust exposures 
which induced very aggressive silicosis, nor were there measurements of the percentage of free crystalline 
si lica in the measured mine dust. Therefore, although dust measurements can be helpful, understanding 
the conditions under which the samples were collected and having confidence that these measurements 
accurately represent the work place environment is essential. Sometimes this information can only be 
understood by going to the work place and observing how the work is perfonned. 

'When the three clinical requirements for the diagnosis of silicosis are met, additional evaluation of the 
worker is not necessary to make the diagnosis. On occasion, the diagnosis cannot be made clinically. In 
these instances, histologic examination of lung ti ssue is necessary. Si tuations when this might be 
necessary occur when the exposure history is uncertain or when the differential diagnosis includes a 
mal ignant nlmor (sometimes considered when the coalesced lesions of progressive massive fibrosis are 
recognized as unilateral or asymmetric). This consideration may arise more frequen tly because of the 
interest in silica as a potential carcinogen.5~ Other illnesses have radiographic features which mimic 
si licosis. These include rheumatoid nodules65 (referred to as Caplan's syndrome when this occurs in the 
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presence of pneumoconiosis), infectious processes, or sarcoidosis. Each may need to be ruled out by 
histologic assessment. When tissue for diagnostic analysis is required, the tradi tional view has been that 
an open lung biopsy is preferred in order to lessen the chance of complication of pneumothorax induced 
by a transbronchoscopic lung biopsy.66 The increased ri sk for pneumothoraces may be explained by the 
knowledge that (he upper zones are stiff while emphysematous changes are present in th e lower zones. 
Although the small sample attained by transbronchial lung biopsy may sometimes be inadequate for 
diagnosis, bronchoalveolar lavage and transbronchial biopsy with energy dispersive x-ray analysis have 
been used together to aid in the diagnosis of silicosis. In one reported example, a worker employed as 
a sandblaster, the bronchoalveolar lavage fluid showed a neutrophilic alveolitis, silica was shown to be 
present in the macrophages by energy dispersive x- ray analys is (although no birefringent crystal panicles 
were found) , and the transbronchial biopsy showed fibrocellular nodules in the parenchyma consistent 
with silicosis.67 

A. APPROACHES TO CATEGORIZING SILICOSIS 
Silicosis can be categorized in two ways. Most commonly, [he disease is categorized by fi ndings on 

the chest radiograph. 

B. CLASSIC SILICOSIS 
Classic silicosis is separated into simple silicosis and progressive massive fibrosis. These two presen­

tations are radiographically different , but are grouped cogerher under the category of classic silicosis 
because they are a part of the radiographic spectrum of this illness. On the chest radiograph, simple 
si licosis is recognized as a profusion of small (less than 10 mm in diameter) rounded opacities (nodules) 
predominant in the upper lung zones (for an unknown reason, retention of silica particles are favored in 
the upper lung zones). In some, these small opaci ties gradually enlarge and coalesce to forn1 larger, 
usually bilateral, upper zone opacities of similar sizes (more than 10 mm in diameter) recognized as 
conglomerate silicosis or progressive massive fib rosis. 

In some workers with relatively low silica exposure, inhaled si lica is more efficiently cleared from the 
alveolar spaces into the regional chest lymph nodes. fn these instances, the chest radiograph reveals 
peripheral calcification of the hi lar (and sometimes mediastinal) lymph nodes with only a minimal or no 
background of small rounded opaci ties (figures 3, 4). These are described as "eggshell calcifications" and 
appear to be a radiographic pattern seen consistently in silicosis. Workers with such radiographic findings 
are without symptoms attributable to these calcified nodes. An unusual case of such mediastinal nodes 
eroding through the airway waJI and causing tracheobronchial obstruction has recently been reported.68 

In most workers with sil ica exposures who develop silicosis, however, the lung cannot effectively clear 
dust and nodules form in the pulmonary parenchyma, sometimes in association with "eggshell calcifica­
tions" in the lymph nodes. 

In addition to the radiographic features of classic silicosis described above, the other radiographic 
presentation occurs rarely and is referred to as acute silicosis.69-71 This is the result of an overwhelming 
exposure to free crystalline silica over several years. In addition, it may also be that excessive exposure 
to "freshly frac tured silica," material shown to have considerably more free radical oxygen species than 
"stale" or "old" fractured silica, is more fibrogenic. 72 In some with acute silicosis, the chest radiograph 
appears as a basilar alveolar fill ing pattern (identical to that seen in pulmonary alveolar proteinosis) 
without rounded opacities or lymph node calcifications. This is termed silico-proteinosis. With time, these 
fea tures progress from a pattern of lower zone alveolar filling {Q large masses of coalesced parenchymal 
tissue, typically bilateral but not always symmetrical, in the mid- and lower zones. In others with very 
excessive sil ica exposures, the radiographic features are those of simple silicosis which progresses to 

conglomerate silicosis in a very short time frame, which is consistent with acute silicosis. The explanation 
for the very different radiographic response of an alveolar filling pattern vs. a very aggressive nodular 
silicosis in the face of an overwhelming sil ica exposure is not know.n but might reflect an imponant 
difference in an individual's pulmonary lymphatic drainage.73 

Silicosis can also be categorized by the duration from initial exposure to the recognition of the disease. 
The time frames are imprecise, but this approach is useful because of its relevance to prognosis. Classic 
silicosis develops slowly. Usually 10 to 30 years (a working lifetime) are required from the beginning of 
exposure to the recognition of rad iographic manifestations. fn a minority, the nodules of simple silicosis 
coalesce to become progressive massive fibrosis. Accelerated sil icosis occurs infrequently and appears 
radiographically as simple silicosis which develops after less than 10 years of excessive silica exposure. 
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FIGURES 3 AND 4 These postero-anterior and lateral chest radiographs are of a 58-year-old man who worked on the 
railway for 23 years. His job was to load coal onto trains powered by steam and then to load the coal by shovel into the firebox 
of the steDm engine. He had other duties which required him to spread sand on the tracks. a feature necessary to provide 
adequate traction for trains travelling the mountains of Eastern Pennsylvania. 

These radiographs show a minima! amount of small rounded opacities consistent with pneu moconiosis. What is most 
remarkable about these films are the peripheral "eggshell " calcifications outlining the hilar and mediastinal nodes. (Radio· 
graphs courtesy of Ed win J. Morgan, M.D.). 

The development of silicosis after such a short time signals that the worker is at great risk for the 
immunologic sequelae of si licosis74- 77 and for the development of progressive massive fi brosis. Finally. 
acute silicosis occurs over a fewer number of years and is associated with an inexorable progression 
towards a respiratory death. 

1. Simple Silicosis 
Workers with simple silicosis are usually without chest symptoms. Some, however, report a chronic 

productive cough, a feature likely due to dust-induced bronchitis. Physical examination of the chest is 
usually unremarkable. Coarse adventitious sounds which may be present are the result of co-existing 
bronchilis. 

Roentgenographically, simple silicosis presents itself as an upper zone distribution of rounded opaci­
ties less than one centimeter in diameter. In miners, these opacities have the same distribution as the 
nodules described in simple coalworkers' pneumoconiosis but are generally larger and more dense .18 

Peripheral "eggshell" calcifications are sometimes present in the hilar and mediastinal lymph nodes. 
Attempts have been made to identify workers with preclinical silicosis before changes are evident on 

chest radiographs. A high-resolution computerized tomographic (CT) scan of the ches t, a technique which 
has increased the effectiveness of imaging in interstitial lung diseases, has been used to detect parenchy­
mal nodulation before these features are evident on plain chest films. Compared to the usual cr scan of 
the chest, a high-resolution CT scan allows for high-defin ition, thin-section scans (1-2 mm compared 
to 8-10 mm "cuts" by the usual technique of CT scanning) (Figures 5,6). The result is much finer 
resolution of parenchymal detai l, better recognition of the type and distribution of regular and irregular 
opaci ties79-82 and thU S, a better understanding of the most likely interstitial lung disease. Importantly, 
when compared to the chest radiograph, the use of high-resolution CT scan has nOL added to our ability 
to diagnose silicosis earlier in a worker's career,83.S4 however, the use of high-resolution CT scans has 
allowed for the recognition of early "coalescence" of nodules and an earlier diagnosis of progressive 
massive fibrosis. 
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FIGU RES 5 AND 6 The chest radiograph is from a 51-year-old, non-smoking underground miner who served as a roof 
bolter for approximately hruf of his 24 years of underground mining . The chest radiograph shows prominent parenchymal 
nodulations in the upper lung zones consistent with simple silicosis . The lung function tests were within normallimits. The 
CT scan shows these parenchymal nodul es to be located in the posterior part of both upper zones. The nodules are discrete 
and without evidence of coalescence. A high-reso lution CT scan was not avai lable. 

Pulmonary function studies in simple silicosis db not usually demonstrate functional impairment. Yet, 
there is a trend towards restric tion in total lung capaci ty and compliance as the extent of profusion of small 
rounded opacities increases. This is most clearly manifes ted as overt restriction in some workers with 
progressive massive fi brosis. As the disease progresses, reduction in compliance usually precedes the 
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FIGURE 7 This chest radiograph is of a 38-year-old never-smoker employed as a surface coal mine driller from 1973 to 
1986. The radiograph was taken one year after he stopped work ing at the mine. He has cough, morning sputum production. 
and dyspnea on exertion. Chest examination revealed a quiet chest without adventitiollS sounds. Lung function tests showed 
an FYC of 4.88 L (96% predicted). FEY I of 2.09 L (53% predicted). and a ratio of 43%. The diffusion capac ity and the 
diffusion capacity adjusted for alveolar volume (KeD) were within normal li mits. The chest radiograph shows large opacities 
in both upper zones of International Labor Office (lLO) category "8" and a backgrou nd of minimal small rounded opacities. 
Although no earlier radiographs were available, the development of such severe disease in such a young man implies an 
accelerated progression of si licosis. In this case, the lung function tests show obstruction rather than the typical changes of 
restrictive impairment most commonl y associated with progressive massive fibrosis. 

reductions in vital capaci ty or forced expiratory flow rate. Few nonsmoking, dust-exposed workers wi th 
simple silicosis develop air flow abnormalities.s5.S6 In a sophisticated study using high-resolution com­
puted tomography (CT) scans of the chest to identify the presence of emphysema in workers wi th simple 
silicosis, Kinsella, et aI. , noted that simple si licosis did not cause significant emphysema and that it was 
the degree of emphysema, rather than the extent of simple silicosis, that determined the level of 
respiratory function. Tn those with progressive massive fibro sis, emphysema occurred frequently but was 
not different among smokers and nonsmokers.s7 

2. Progressive Massive Fibrosis 
Progressive massive fibrosis is the result of the conglomeration of small rounded opacities. It has been 

traditionally recognized that progressive massive fibrosis develops on a background of advanced simple 
silicosis. Yet, not all coal miners who develop progressive massive fibrosis have an underlying advanced 
degree of simple coal workers' pneumoconiosis.s8 Whether this is also the case wi th silicosis has not been 
described (Figure 7). 

The respiratory symptoms present in a worker with progressive massive fibrosi s are again variable. 
They range from only a chronic productive cough to exeltional dyspnea and, in some, ultimately to 
respiratory failure. With time, however, the progressive coalescence of sil icotic nodules impairs the 
function of the underlying pulmonary parenchyma and results in progressive respiratory impairment. 

Physical examination demonstrates decreased breath sounds on auscultation (explained by the emphy­
sematous changes associated with progressive massive fibrosis) and, if the illness is extensive, signs of 
cor pulmonale and impending respiratory failure. Crackles do not occur as a result of the fibrotic changes, 
and finger clubbing, if present, is attributable to another etiology. 
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The chest roentgenogram reveals confluent nodules greater than one centimeter in diameter which 
occur on a background of small rounded opacities, which is recognizable as simple si licosis. The 
confluence of these nodules begins posteriorly and peripherally and migrates centrally. A s wi th simple 
si licosis, progressive massive fibrosis develops most prominently in the upper lobes. As these upper lobe 
fibrous masses progressively enlarge, the hila are retracted upward and (he lower zones become hyperinflated 
and appear as bullous emphysema. The presence of these upper zone opaciti es is often discussed in the 
context of possible neoplastic processes in the lung, particularly if they are not symmetrical. Importantly, 
progressive massive fibrotic lesions are relatively thin and plate-like and are located in the peripheral and 
posterior aspects of the upper lung zones. These radiographic features are sometimes helpful in separating 
the lesions of progressive massive fi brosis from a malignant etiology for these pulmonary masses. 

Pulmonary func tion studies initially demonstrate a decrease in compliance followed by decreases in 
lung volume and diffusing capacity. If bronchial distortion and lower zone hyperinflation are present, the 
forced expiratory time is likely to be prolonged and airflow obstruction is measurable. De terioration in 
lung function commonly occurs despite discontinuing silica exposure. The likelihood of progression 
directly correlates with the duration and concentration of sil ica exposure, as well as the presence or 
absence of mycobac terial infection. 

Co ACCELERATED SILICOSIS 
Accelerated silicosis is radiographically identical to classic silicosis except that the time from initial 

exposure to si lica to the development of a radiographic diagnosis of sil icosis, and the pulmonary function 
changes attributable to silicosis, occur over a shorter time and are often exaggerated. Accelerated si licosis 
is associated wi th a relatively rapid progression from the radiographic changes of simple silicosis to 
progressive mass ive fibrosis wi th ensuing severe respiratory impairment and a shortened life span 
(Figures 8, 9). 

Silica tics have an increased prevalence of autoimmune serology, elevated gamma globulin levels, and 
an increased frequency of connective tissue disease, particularly scleroderma. Alternatively, concomitant 
connective tissue disease may also influence the course of pneumoconiosis. In 1953, Caplan noted that 
the course of coal workers ' pneumoconiosis in workers with dust exposure could be influenced by co­
existing rheumatoid arthriti s. Upper zone large opacities appeared more frequently in the lungs of workers 
with underlying rheumatoid arthritis . 

The role of the generally stimulated immune system is not well understood in this disease. Antinuclear 
antibodies and elevated immunoglobulin levels have not correlated wi th the baseline profusion category 
of the chest radiograph, the rate of chest radiographic progression, or the rate of lung function decline in 
sandblasters wi th silicosis. 

D. ACUTE SILICOSIS 
Acute silicosis, the most aggressive form of silicosis, occurs over a short duration of exposure to 

overwhelmingly high concentrations of respirable free silica. The worker progresses to disabling chest 
symptoms and severe respiratory impairment, which invariably leads to death due to respiratory fai lure. 
Although palients with this form of silicosis may have some features of classic silicosis, there are distinct 
clinical, radiographic , and histologic differences. 

In 1969, B uechner reported four sandblas ters with acute silicosis and corned the term siUco-proteinosis. L8 

At autopsy, these sandblasters had period ic acid Schiff (PAS), positive-staining proteinaceous material 
filling the alveolar spaces, silica particles in the lung, and histologic changes of alveolar proteinosis. 
However, a review of the literature prior to Buechner 's description suggests that many of the earlier 
patients had similar histologic features. Suratt reponed the same presentation in tombstone sandblasters.3 

Chapman reported the histology to show localized areas of basilar "bronchopneumonia" in which the 
alveoli were filled with a pink staining edema fluid with a high protein content.11 Gardner confirmed the 
uniqueness of {his presentation by showing the most common lesion to be an alveolar exudate in which 
few, if any, cells could be identified.90 Silico-proteinosis is a descriptive tenn of the histologic findings 
of the lungs in those who develop silicosis over a very short period of time (acute silicosis) and not a 
separate entity. 

Workers with acute silicosis have been reported -to have an irritative, sometimes productive, cough, 
weight loss, fatigue, and occasionally, pleuritic pain. Symptoms begin usually one to three years after the 
initial exposure; however, in very rare examples, symptoms occurring less than a year after beginning 
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FIGURES 8 AND 9 These radiographs are from a 55-year-old man who was firsl seen in 1988 and later in 1992. He 
provided a 75 pack year smoking history and had worked as a rock driller for approximate ly 20 years. Mycobacterial infection 
was searched for bu t not found. A PPO was non-reactive. The dramatic worsening of the radiograph over just four years 
reflects an accelerated course associated with a shortened life span. The chesl rad iographs show the way the coalescence of 
opacities in the upper zones occur and form progressive massive fibro tic lesions. The neck brace in the second radiograph 
was a part of therapy for a traumatic neck injury. 

sandblasting have been reponed. Unlike the quiet chest examination of classical silicosis, crackles are 
usually present and like ly reflect alveolar and airway fluid. Patients rapidly develop cyanosis, symptoms 
of cor pulmonale, and respiratory failure. Survival after the onset of symptoms is typically less than four 
years. Mycobacterial and fungal infections frequently complicate the clinical course. 

The chest radiograph typically reveals bilateral basilar alveolar filling with air bronchogramsJo,91 The 
diffuse alveolar filling is best described as a ground-glass appearance. Histologically small rounded 
opacities can sometimes be identified, but they are not easi ly recognized on the chest radiograph. 
Progression of the chest radiograph occurs over a relatively short time. Areas of al veolar filling progress 
to large masses which are similar to those seen in progressive massive fibrosis but somewhat larger and 
often located in the mid, compared to upper, zones. Tracheal distortion is COIllinon and a result of the 
parenchymal distortion wi th stress placed on the trachea. The process of radiographic progression is 
accelerated in these workers by a superimposed mycobacterial infection. 

Acute silicosis can usual1y be diagnosed on the basis of a history of employment in an occupation 
where the opportunity for overwhelming si lica exposure exists and where the clinical features and chest 
radiograph are consistent with this illness. If a review of the lung tissue becomes necessary for an accurate 
diagnosis, an open lung biopsy is recommended. Despite appropriate therapy for any underlying chest 
infection, the worker's lung function continues to deteriorate. Perhaps the best differential diagnosis of 
these very unusual chest radiographs includes alveolar proteinosis, bronchiolitis obliterans with organiz­
ing pneumonia, desquamative interstitial pneumonitis, and lipoid pneumonia. These enti ties can usually 
be excluded on a clinical basis. 

V. CONCLUSION 

The prevention of si licosis has not yet been achieved. If the past leads the way to the future, then it 
is by no means guaranteed that this disease can ever be totally abolished. Cases continue despite 
aggressive enforcement policies by regulalOry agencies, attempts at dissemination of very readable 
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materials aimed at workers and management,92.93 and respiratory dust exposure standards w hich appear 
protective and are in place. h is more than fru strating for all parties to see reports of aggressive silicosis 
in young workers. Perhaps. like the crusade against drunk driving, a detennined effort through the 
contemporary methods of communication might enlighten American society and its workers about the 
very destructive health effects of silica exposure . Furthennore , bOlh the physician and the affected worker 
are helpless when a diagnosis of silicosis has been made, and there is no way to affect the natural history 
of the processes that are underway. What must be developed is a type of "salvage therapy" that has the 
potemial Lo reverse, or at least dramatically lessen, the aggressive natural history of silicosis that develops 
over relati vely short time periods. Perhaps, if the illness cannot be prevented, an approach to lessen the 
effect of tJle fibrosis induced by this dust can be developed. 
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