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Objective: Silicosis is the most common occupational lung disease in Thailand. Determinants of pulmonary

function impairment in Thai silicotic patients have not been mentioned before.

Material and Method: The present study was conducted in silicotic patients who attended the Siriraj Occupa-

tional Lung Clinic in the year 2006. Patients were classified according to the forced expiratory volume in

one second (FEV1) into the severe impairment group (< 50% predicted) and the non-severe group (FEV1 >

50% predicted) which includes normal FEV1. Comparison between the two groups in terms of demographic

characteristics, smoking history, history of pulmonary tuberculosis, and radiographic features were assessed.

Results: Thirty-four patients of which 24 were female (70.6 %) had an overall mean age of 53.7 years. Seven

patients (20.6%) had severe impairment, four were female, three were smokers, and two had a history of

pulmonary tuberculosis. All of the severe impairment patients had nodule profusion in category 2 and had

large opacity. Only the presence of large opacity was significantly associated with the severity of pulmonary

function impairment (p = 0.002).

Conclusion: Only the presence of large opacity in a chest radiograph can determine the severity of pulmo-

nary function impairment in Thai silicotic patients.
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Silicosis is an occupational lung disease

secondary to exposure to free crystalline silica. It is the

most common and the most dangerous occupational

lung disease in Thailand(1). Exposure to silica in the

workplace that appears not to disturb roentgenographic

picture can still cause chronic airflow limitation and/or

mucus hypersecretion and/or pathologic emphysema.

In patients with obvious disease, spirometry usually

reflects a mixed pattern of irreversible airflow obstruc-

tion and restriction(2). There is a consistent association

between an increase of pulmonary function abnormali-

ties and cumulative silica exposure even within the

current allowable regulatory level(3). Among gold

miners in Canada, patients with silicosis suffered a

substantial loss of pulmonary function that was

directly in proportion with the nodule profusion on

their initial chest radiographs(4). Recent report from

Hong Kong revealed that age, cigarette pack-years,

history of tuberculosis, nodule size, nodule profusion,

and progressive massive fibrosis were independent

predictors of spirometric abnormalities.

The present study aimed to assess the in-

fluencing factors for the severity of pulmonary func-

tion impairment in Thai silicotic patients.

Material and Method

A cross-sectional study was conducted in

silicotic patients who had a regular follow-up visit at

Siriraj Occupational Lung Clinic in the year 2006. The

diagnosis of silicosis was made by standardized criteria

of the Thoracic Society of Thailand. Demographic data

including age, sex, smoking status, type and duration

of work, and history of pulmonary tuberculosis, were

collected.
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Each chest radiograph was interpreted by the

authors independently using the 2000 International

Labor Organization system(6). The results were recorded

in a standardized format and the most concordant

interpretation or value in between was selected as a

final result. Radiographic features were categorized into

nodule profusion (1, 2, or 3), round or irregular opacity,

and presence or absence of large opacity.

Spirometry was performed in a standardize

manner(7) using Vitalograph-Compaq II (Vitalograph

Co., Buckingham, UK). The results include forced

expiratory volume in one second (FEV1), forced vital

capacity (FVC), and % FEV1/FVC that were compared

to the reference value of adult Thais(8). Obstructive

ventilatory defect was defined as FEV1/FVC < 90%

predicted and restrictive ventilatory defect was defined

as FVC < 80% predicted associated with FEV1/FVC >

90% predicted(9). When FEV1/FVC < 90% predicted

and FVC < 80% predicted, it was interpreted as com-

bined obstructive and restrictive ventilatory defects.

Patients were categorized into the severe impairment

group if their FEV1 was less than 50% predicted re-

gardless of the pattern of abnormalities(10), and the rest

were placed in the non-severe impairment group which

also included those with normal spirometry (FEV1/FVC

> 90% predicted associated with FVC > 80% predicted).

Statistic analysis

SPSS software version 13.0 for window (SPSS

Inc., Chicago, USA) was used for all statistical analy-

ses. Contingency table methods were used to assess

relationships between the impairment and categorical

variables by Fisher’s exact test. A p-value of < 0.05 was

taken to be statistically significant.

Results

Thirty-four silicotic patients were included.

All of them were either stone crushers or ceramic work-

ers with a duration of work of more than 15 years. Twenty

(58.8%) of them have continued their work since the

diagnosis. The mean age was 53.7 years (range 43-72),

24 were female (70.6%). History of tuberculosis was

present in 5 patients (14.7%), and 13 of them (38.2%)

had a significant smoking history. Their radiographic

characteristics are shown in Table1.

Seven of 34 patients (20.6%) had normal

spirometry, 13 patients (38.2%) had an obstructive

ventilatory defect, four patients (11.8%) had a restric-

tive ventilatory defect, and 10 patients (29.4%) had

both obstructive and restrictive ventilatory defects.

The detail spirometric results are shown in Table 2.

All seven patients categorized into the se-

vere impairment group had an obstructive ventilatory

defect, two had a history of tuberculosis, and three

had significant smoking history. Nodule profusion of

category 2 and large opacity were present in all severe

impairment patients, but only two of them had round-

shaped opacity. Only the presence of large opacity

was significantly associated with the severity of

pulmonary function impairment (p = 0.002), while sex,

                   Number (%) p-value

 Severe Non-severe

 (n = 7)    (n = 27)

Sex Male 3 (42.9)     7 (25.9)  0.394

Female 4 (57.1)   20 (74.1)

Tuberculosis Ever 2 (28.6)     3 (11.1)  0.268

Never 5 (71.4)   24 (88.9)

Smoking history Yes 3 (42.9)   10 (37)  1.000

No 4 (57.1)   17 (73)

Nodule profusion Category 1 0 (0)     3 (11.1)  0.183

Category 2 7 (100)   16 (59.3)

Category 3 0 (0)     8 (29.6)

Nodule shape Round 2 (28.6)   20 (25.9)  0.070

Irregular 5 (71.4)     7 (74.1)

Large opacity Presence 7     9  0.002

Absence 0   18

Table 1. Clinical and radiological characteristic of silicotic patients
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smoking history, history of tuberculosis, nodule pro-

fusion, and nodule shape were not (Table 1).

Discussion

The pattern of radiographic findings and pul-

monary function results of silicotic patients in Thailand

has never been described before. Although more than

two-third of the present study population were female,

sex is not a determinant for severity of pulmonary func-

tion impairment. The study of ceramic workers in Italy

showed that no gender preponderance for acquiring

silicosis(11), but another study from Sweden found a

more pronounced progression of silicosis among

women when compared with men(12). It has long been

recognized that silicosis enhances the development of

tuberculosis, but the prevalence of tuberculosis (14.7

%) in the present study was lower than those reported

from South Africa (22.3 %) and Hong Kong (36.9 %)(4,5).

In both studies, a history of tuberculosis influenced

the pulmonary function abnormalities, but the authors

found that it could not predict the severity of impair-

ment in silicotic patients from Thailand.

Classically, silicosis, as well as asbestosis, are

the two most common pneumoconioses that have the

potential to cause restrictive ventilatory defect from

lung tissue reaction. In addition, silicotic nodules also

occur in close proximity to small and medium airways

resulting in luminal distortion. The hypertrophy and

scarring bronchial-associated lymphoid tissue and

intrapulmonary lymph node may compress larger air-

ways(13). These combining effects can lead to mainly

obstructive (38.2%) or mixed obstructive and restric-

tive ventilatory (29.4%) defects as demonstrated in the

present study. The contribution of airway obstruction

in silicotic patients from Thailand is higher than

reported from South Africa(14), Canada(15), United

States(16), and Hong Kong(5), although the smoking

history was less. This may result from different work-

ing environments and dust composition rather than

the effect of tobacco smoke.

Tobacco smoking is a great confounder for

many occupational lung diseases especially for silico-

sis. In contrast to previous studies(3,5,15,16), although

the effect of smoking on pulmonary function decline is

obvious, a history of smoking in silicosis patients from

Thailand did not determine the severity of pulmonary

function impairment.

Nodule profusion usually reflects the extent

of parenchymal abnormality indicated from a chest

radiograph. All of the severe impairment patients in

the present study had nodule profusion of category 2,

and nearly one-third of the non-severe group had the

most pronounced nodule profusion of category 3.

Conflicting evidences have been demonstrated in the

correlation between nodule profusion and pulmonary

function abnormalities(4,5,16,17). With the advent of

computerized tomography (CT), the poor correlation

between pulmonary function abnormalities and nodule

profusion was demonstrated to be the common pheno-

menon(18,19). Air trapping and emphysema, markers of

airflow obstruction, were also clearly evident from CT

scan of silicotic patients(15,19,20).

In patients with more advanced silicosis,

nodular lesions conglomerate into larger opacities or

progressive massive fibrosis, resulting in severe

architecture distortion and permanent disability to the

patients(13). The presence of large opacity in all sub-

jects from the severe impairment group of the present

study is shown to be the only factor determining this

catastrophic event for the patients. A study from Hong

Kong using plain chest radiograph also revealed that

progressive massive fibrosis was an independent

predictor of airflow obstruction(5). The CT scan ap-

pearances have also confirmed the presence of para-

cicatricial emphysema in those with confluent silicosis

and may explain the worsening of airflow obstruction

and pulmonary function impairment(15).

Conclusion

Presence of large opacity in chest radiograph

Results  No. (%) Mean FEV1  Mean FVC Mean FEV1/FVC

(%predicted) (%predicted)     (%predicted)

Normal   7 (20.6) 92.3   93.9     96.9

Obstruction 13 (38.2) 69.7   92.5     71.6

Restriction   4 (11.8) 68.2   71.1     95.4

Mixed obstruction and restriction 10 (29.4) 49.7   70.3     69.0

Table 2. Pattern of pulmonary function
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is the only factor determining the severity of pulmo-

nary function impairment in Thai silicotic patients.

Acknowledgement

The present study was supported by the

Siriraj Grant for Research Development.

References

1. Chierakul N, Youngchaiyud P, Nana A, Nuch-

prayoon C, Udompanich V, Saenghirunvattana S,

et al. Occupational lung disease: 4-year experience.

Thai J Tuberc Chest Dis 2001; 22: 39-43.

2. Beckett WC, Abraham JL, Becklake MR, Christiani

DC, Cowie RL, Davis GS, et al. Adverse effects of

crystalline silica exposure. American Thoracic

Society Statement. Am J Respir Crit Care Med

1997; 155: 761-5.

3. Hertzberg VS, Rosenman KD, Reilly MJ, Rice CH.

Effect of occupational silica exposure on pulmo-

nary function. Chest 2002; 122: 721-8.

4. Cowie RL. The influence of silicosis on deterio-

rating lung function in gold miners. Chest 1998;

113: 340-3.

5. Leung CC, Chang KC, Law WS, Yew WW, Tam

CM, Chan CK, et al. Determinants of spirometric

abnormalities among silicotic patients in Hong

Kong. Occup Med (Lond) 2005; 55: 490-3.

6. International Labour Office. Guidelines for the use

of ILO international classification of radiographs

of pneumoconioses. No. 22. ILO, Geneva: Occu-

pational Safety and Health Services; 2000.

7. Miller MR, Hankinson J, Brusasco V, Burgos F,

Casaburi R, Coates A, et al. Standardisation of

spirometry. Eur Respir J 2005; 26: 319-38.

8. Dejsomritrutai W, Nana A, Maranetra KN, Chuay-

choo B, Maneechotesuwan K, Wongsurakiat P,

et al. Reference spirometric values for healthy

lifetime nonsmokers in Thailand. J Med Assoc Thai

2000; 83: 457-66.

9. Dejsomritrutai W, Wongsurakiat P, Chierakul N,

Charoenratanakul S, Nana A, Maranetra KN. Com-

parison between specified percentage and fifth

percentile criteria for spirometry interpretation in

Thai patients. Respirology 2002; 7: 123-7.

10. Pellegrino R, Viegi G, Brusasco V, Crapo RO,

Burgos F, Casaburi R, et al. Interpretative strate-

gies for lung function tests. Eur Respir J 2005; 26:

948-68.

11. Forastiere F, Goldsmith DF, Sperati A, Rapiti E,

Miceli M, Cavariani F, et al. Silicosis and lung

function decrements among female ceramic work-

ers in Italy. Am J Epidemiol 2002; 156: 851-6.

12. Gerhardsson L, Ahlmark A. Silicosis in women.

Experience from the Swedish Pneumoconiosis

Register. J Occup Med 1985; 27: 347-50.

13. Silicosis and Silicate Disease Committee. Diseases

associated with exposure to silica and nonfibrous

silicate minerals. Arch Pathol Lab Med 1988; 112:

673-720.

14. Hnizdo E, Sluis-Cremer GK, Baskind E, Murray

J. Emphysema and airway obstruction in non-

smoking South African gold miners with long

exposure to silica dust. Occup Environ Med 1994;

51: 557-63.

15. Begin R, Filion R, Ostiguy G. Emphysema in silica-

and asbestos-exposed workers seeking compen-

sation. A CT scan study. Chest 1995; 108: 647-55.

16. Rosenman KD, Reilly MJ, Kalinowski DJ, Watt

FC. Silicosis in the 1990s. Chest 1997; 111: 779-86.

17. Tonori Y, Niitsuya M, Sato T, Sugiura Y, Miyake H,

Aizawa Y. Relationship between chest X-ray

findings and pulmonary function tests in dust

workers. Ind Health 2005; 43: 256-66.

18. Bergin CJ, Muller NL, Vedal S, Chan-Yeung M.

CT in silicosis: correlation with plain films and

pulmonary function tests. AJR Am J Roentgenol

1986; 146: 477-83.

19. Arakawa H, Gevenois PA, Saito Y, Shida H, De

Maertelaer V, Morikubo H, et al. Silicosis: expiratory

thin-section CT assessment of airway obstruction.

Radiology 2005; 236: 1059-66.

20. Cowie RL, Hay M, Thomas RG. Association of

silicosis, lung dysfunction, and emphysema in

gold miners. Thorax 1993; 48: 746-9.



58               J Med Assoc Thai Vol. 90 Suppl. 2  2007

ªí®®—¬∑’Ë¡’º≈μàÕ§«“¡√ÿπ·√ß¢Õß°“√ Ÿ≠‡ ’¬ ¡√√∂¿“æªÕ¥„πºŸâªÉ«¬‚√§ ‘́≈‘‚§ ‘ 
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