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Abstract: Radiographic Progression of Silicosis
among Japanese Tunnel Workers in Kochi:
Narongpon DUMAVIBHAT, et al. Department of Environmental Medicine, Kochi Medical School, Kochi
University, Japan—Objective: The aim of our study
was to investigate the natural course of silicosis in terms
of radiographic progression among Japanese tunnel
workers. Methods: Tunnel workers with silicosis were
included in our study between January 2008 and June
2011. We retrospectively assessed workers’ radiographs
from their ﬁrst through last visits to see whether there
was progression. All ﬁlms were interpreted by two physicians, who had been specially trained in using the ILO
(2000) International Classiﬁcation of Radiographs of
Pneumoconioses (ILO/ICRP). We classiﬁed the radiographic ﬁndings according to the ILO/ICRP. Survival
analysis was performed and then presented as time to
progression. Subgroup analysis among the progressed
group was performed to demonstrate duration of
progression. Results: A total of 65 patients, who were
no longer exposed to silica for the duration of the study,
were included. The mean age at the ﬁrst visit was
58.60 ± 7.10 years. The incidence rate of progression
was 42 per 1,000 person-years with a median time to
progression of 17 years. Progression was demonstrated
among 33 cases (51%). The mean durations of progression from category 1 to category 4 and category 2 to
category 4 were 14.55 and 10.65 years, respectively.
Most patients (86%) had radiographic change from
category 1 or 2 directly to category 4. Conclusion:
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Silicosis progressed at a relatively high rate among
tunnel workers without further silica exposure. The high
probability of progression directly from category 1 to
category 4 may lead to further investigation for the
improvement of disease prevention.
(J Occup Health 2013; 55: 142−148)
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Silicosis, one of the oldest occupational illnesses,
is a fibrogenic lung disease caused by inhalation of
free crystalline silica1). This incurable disease can
progress even after silica exposure is discontinued.
Consequently, it may lead to long-term disability or
death during or after exposure to the dust. In addition, the International Agency for Research on Cancer
(IARC) has classified crystalline silica as a group-1
carcinogen to humans2). As a result, silicosis has
taken a more significant place among the world’s
occupational health problems. Although considerable
efforts have been employed to prevent silicosis, tens
of millions of workers have been affected worldwide1).
Recently, the incidence of silicosis has decreased
in countries where implementation of preventative
measures has been successful. Nevertheless, there are
still new cases every year because of long-term exposure to silica in the past. Therefore, more than 1,000
new patients with pneumoconioses, mainly silicosis
and coal worker’s pneumoconiosis, are compensated
annually in industrialized countries in Asia, i.e., Japan
and Korea3, 4).
To date, there are few longitudinal studies that
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have reported radiographic progression of the disease
among workers in different occupational groups,
such as sandblasters5), slate pencil workers6), iron ore
miners7), granite quarry workers8, 9), coal workers10),
whetstone cutters11), and silica flour packers12). Tunnel
workers are also one of the populations at risk for
developing silicosis, but there has been no study about
radiographic progression of the disease. Frequent
relocation of workers may be the main reason for the
difficulty in conducting longitudinal studies among
tunnel workers. The aim of this study was to investigate the natural course of silicosis after termination
of silica exposure in terms of radiographic progression
among Japanese tunnel workers. The results of this
study indicate the long-term consequences for tunnel
workers with silicosis. Furthermore, the current situation in industrialized countries may reflect the future
picture of silicosis among the tunnel workers in developing countries; therefore; this study will lead to more
effective prevention.

Materials and Methods
Study population
We conducted a retrospective cohort study of tunnel
workers with silicosis who lived in Kochi Prefecture
and visited the Occupational Medicine Department
at Kinro Clinic from January 2008 through June
2011. For all of these patients, diagnosis of silicosis
had been confirmed by the Pneumoconiosis Panel of
the Labor Office, according to the Pneumoconiosis
Law13). At the time patients began receiving treatment at the clinic, they discontinued their employment and then visited the clinic annually. Criteria
for diagnosis of silicosis in the present study were
a history of silica exposure, and chest radiography
compatible with profusion of at least 1/0 according
to the ILO International Classification of Radiographs
of Pneumoconioses14). In addition, spirometry was
used to evaluate severity for compensation purposes. Inclusion criteria were male tunnel workers
who suffered from silicosis and were followed up
at the clinic between January 2008 and June 2011.
Furthermore, every patient was required to have at
least a one-year follow-up and at least two chest
radiographs to see whether there was any progression.
We retrospectively reviewed all chest radiographs,
computed tomography (CT) and medical records from
their first to last visits. Demographic data, work
history, smoking history and spirometry data were
obtained from medical records. An IRB review was
waived because of the retrospective and noninvasive
nature of this study.
Chest radiographic assessment
Chest radiographs were interpreted by two readers,
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including one chest physician who was a National
Institute for Occupational Safety and Health-approved
B reader 15) and one occupational medicine physician who was a certified Asian Intensive Reader of
Pneumoconioses (AIR Pneumo)16, 17). Furthermore,
computed tomography of the chest was used to
confirm abnormal findings of chest radiographs in
every case, referring to the International Classification
of HRCT for Occupational and Environmental
Respiratory Diseases (ICOERD)18, 19). The final decision was made by consensus if there was disagreement between the readers. The readers interpreted all
chest radiographs using side-by-side assessment20), in
which they viewed all films together in known temporal order, and compared them with the ILO standard
films. The ILO (2000) International Classification of
Radiographs of Pneumoconioses was used to classify
small and large opacities. The classification scheme
for the profusion of small opacities utilizes a 4-point
major category scale (0, 1, 2 and 3), with each major
category divided into three, giving 12 minor categories of increasing profusion (0/-, 0/0, 0/1, 1/0, 1/1,
1/2, 2/1, 2/2, 2/3, 3/2, 3/3 and 3/+). Extent of large
opacities was categorized accordingly into A, B and C.
Category A was defined as an opacity having a minimum longest dimension exceeding 1cm but no more
than 5 cm in length or several large opacities with
the sum of their longest dimensions not exceeding 5
cm. Category B was defined as a single opacity or
as multiple opacities with the sum of their longest
dimensions greater than 5 cm but not exceeding the
equivalent area of the right upper zone. Category C
was defined as being larger than category B in terms
of the sum of the area, with the area exceeding the
equivalent area of the right upper zone14).
Outcome measurement
The outcome of interest was time to progression of
chest radiographs, which was calculated by subtracting
the year of the patient’s first visit at the clinic from
the year of the first detection of the progression of the
film. Patients were censored at the last year of their
visits or on 30 June 2011 if there was no progression of their radiographs. Progression of the disease
or radiograph in the present study was defined as an
increase in profusion of at least one minor category
or new development of a large opacity. In addition,
an increase in size of large opacities by at least one
category according to the ILO classification system
was counted as progression of the disease. For the
subgroup assessment, we measured the mean duration
of progression from one major category to another
and compare them.
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Statistical analysis
Means [± standard deviation (SDs)] and frequencies (%) were used to describe patients’ characteristics. The Kaplan-Meier test was utilized to estimate
the probability of radiographic progression and the
median time to progression. The log-rank test was
also utilized to compare the median time to progression among different exposed groups. The hazard
ratio (HR) was used to describe the ratio of median
time to progression between smokers and nonsmokers. In the subgroup analysis, the Kruskal-Wallis
method and Wilcoxon rank-sum test were performed
to assess mean duration of radiographic progression
among major categories. All analyses were performed
using Stata version 11. A p value less than 0.05 was
considered statistically significant.

Results
A total of 65 patients who met the inclusion criteria were included in the study. All chest radiographs
of each patient were reviewed and compared with the
standard ILO films from the first to last year of their
visits by the two physicians as mentioned previously.
The mean age of the patients at their first visit to the
clinic was 58.60 ± 7.10 years. The mean duration of
dust exposure was 14.72 ± 7.93 years. Among the 65
patients, 54 (83.08%) were smokers. The mean duration of follow-up was 16.96 ± 7.12 years, with a range
from 4−34 years. Other baseline characteristics are
shown in Table 1.
The profusion of small opacities in all patients
at their first visit was classified by the readers as
Table 1. Baseline characteristics of the study population
Characteristics
Age (years)
First visit
Last visit
Smoking (n, %)
Smoker
Nonsmoker
Smoking history (pack-years)
Duration of dust exposure (years)
Duration of follow-up (years)
FEV1 (liters)
First visit
Last visit
FVC (liters)
First visit
Last visit

Patients (N=65)
(Mean ± SD)

follows: 1/0=13 cases (20%), 1/1=20 cases (30.77%),
1/2=5 cases (7.69%), 2/1=12 cases (18.46%), 2/2=13
cases (20%), 2/3=1 case (1.54%) and 3/3=1 case
(1.54%). Large opacities were observed on chest
radiographs of 25 patients (38.46%) on their first visit.
Among these, 3 cases were classified in category A,
while the other 22 cases were classified in category B.
Category C was not observed at the beginning of the
study.
The incidence rate of radiographic progression was
42 per 1,000 person-years, with a median time to
progression of 17.00 years (95% CI: 12.30−20.46). A
survival curve was constructed with the Kaplan-Meier
method to describe the time to progression as shown
in Fig. 1.
Regarding exposure, the incidence rates in patients
who were exposed to silica for up to 15 years and for
more than 15 years were 38 and 51 per 1,000 personyears, respectively, with median times to progression
of 19.00 and 13.79 years (p=0.27), respectively, as
shown in Fig. 2.
Concerning smoking, the incidence rates in smokers
and nonsmokers were 47 and 27 per 1,000 personsyears, respectively. The survival curve (Fig. 3) represented the time to progression between smokers and
nonsmokers with median times to progression of
14.46 and 19.00 years, respectively (p=0.21). The
hazard ratio between smokers and nonsmokers was 1.82
(95% CI: 0.70−4.74).
Overall, there were 33 cases of radiographic
progression. We performed a subgroup analysis in
those 33 patients to compare the mean duration of
progression from one major category to another.
The change in profusion in a major category was
analyzed. No matter how many progressions patients
had, any change in profusion in a major category was
analyzed. For this purpose, category 4 was used to

58.60 ± 7.10
75.58 ± 5.64
54 (83.08%)
11 (16.92%)
27.04 ± 22.66
14.72 ± 7.93
16.96 ± 7.12
2.26 ± 0.52
1.82 ± 0.59
2.98 ± 0.58
2.62 ± 0.68

FEV: forced expiratory volume, FVC: forced vital capacity.

Fig. 1. Probability of radiographic progression of silicosis
among workers.
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Table 2. Numbers and duration of radiographic progression
among 22 patients
Progression

Number
(N=24*)

Mean ± SD**
(years)

Range
(years)

Category 1 to 2
Category 1 to 4
Category 2 to 3
Category 2 to 4

3
9
1
11

5.43 ± 0.29
14.55 ± 7.54
3.00 ± 0.00
10.65 ± 7.20

5.13−5.71
4.62−31.79
3.00−3.00
1.37−21.00

*Two out of 22 patients had a 2-step progression. ** Statistical
analysis was performed by the Kruskal-Wallis method
(p=0.14).

22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

Patient number

Fig. 2. Probability of radiographic progression of silicosis in
workers exposed to silica for up to 15 years and more
than 15 years.

Category
Category
Category
Category
0

5

10

15
20
25
30
Duration of progression (years)

1
2
3
4
35

Fig. 4. Duration of radiographic progression in each patient.
*Patients No. 4 and No. 13 had a 2-step progression.

Fig. 3. Probability of radiographic progression of silicosis in
smokers and nonsmokers.

represent all categories of large opacities, according
to the Japanese Pneumoconiosis Law13). Ultimately,
22 out of 33 cases had radiographic progression in a
major category. The mean durations of progression
from category 1 to category 2 and from category 2
to category 3 were 5.43 and 3.00 years, respectively,
whereas those from category 1 to category 4 and
category 2 to category 4 were 14.55 and 10.65 years,
respectively (Table 2). Among these cases, 9 cases
in category 1 and 10 cases in category 2 had a radiographic change to category 4 directly without changing through category 2 and category 3, respectively.

Discussion
The present longitudinal study showed progression of silicosis in terms of CT-proven radiographic
findings among Japanese tunnel workers even in the
absence of further silica exposure. The incidence rate

of any radiographic progression was 42 per 1,000
person-years, with a median time to progression of 17
years. Even though all subjects of the present study
had severed their employment prior to their initial
visit to the Kinro Clinic, results showed progression
from simple to complicated stages with radiographic
large opacities, or progressive massive fibrosis (PMF)
in pathologic terminology. Interestingly, large opacities emerged in the category 1 cases without progression of profusion of small rounded opacities.
The larger the area occupied by large opacities, the
worse the symptoms become. Unfortunately, there is
no curative treatment except for lung transplantation.
As a result, prevention is the best way to eliminate
silicosis. Both early detection and termination of
silica exposure result in delayed progression21). The
present study showed progression of silicosis among
tunnel workers in the absence of further silica exposure.
Among the previous studies investigating the
progression of silicosis, the rate of radiographic
progression, which varied in different occupations and
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duration of follow-up, ranged from 24 to 65%5−12).
The rate of radiographic progression of silicosis
among tunnel workers in the present study was 51%,
with a mean follow-up period of 16.96 ± 7.12 years.
However, there were some differences in terms of the
definition of radiographic progression and methods of
radiographic assessment among the studies. In the
present study, we interpreted chest radiographs using
a side-by-side method, which viewed all films of each
case together in known temporal order20). This method is sensitive in detecting radiographic progression of
silicosis.
Exposure duration was not associated with radiographic progression in this study, which contradicts
the results concerning silicosis among sandblasters5)
and slate pencil workers 6). There are some other
reports that could not show such association, which
include those concerning silicosis among iron-ore
miners7) and silica flour packers12). One of the reasons
we could not find such association in our study was
that our study was a clinic-based retrospective study
with possible recall bias. In addition, there was no
information about the dust concentration, which may
have differed from workplace to workplace. The
cumulative exposure, which takes into consideration
the silica concentration, should be a better indicator,
as shown in the study of silicosis among silica flour
packers12). Other factors that may affect the analysis
are use of respiratory protective equipment and specific tasks at the workplace. Due to the absence of the
necessary information, we could not analyze the association between cumulative exposure and radiographic
progression.
Smoking was previously investigated as a risk factor
for radiographic progression of silicosis among sandblasters5), slate pencil workers6), and granite quarry
workers9). The present study as well as the previous
studies could not show the effect of a smoking habit
on radiographic progression (p=0.21). Furthermore,
we could not demonstrate the effect of dose-dependent
cigarette smoking (pack-year) and progression. The
effect of second-hand smoke may be one possible
explanation, as the prevalence of smoking was
very high when subjects were in workplaces in the
1950s−70s. In addition, workers in our study were
heavy smokers with a mean of 27 pack-years.
With the emergence of large opacities, simple silicosis progresses to complicated silicosis. This radiographic finding is classified as category 4 according to
Japanese Pneumoconiosis Law. Subgroup analysis in
the progressed group showed direct progression from
simple silicosis with category 1 or 2 to complicated
silicosis with large opacities. The mean durations
from category 1 to category 4 and category 2 to category 4 were 14.55 and 10.65 years, respectively. In
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contrast to our study, the rate of radiographic progression from category 1 to category 2 among whetstone
cutters, who received compensation, during a 15-year
follow-up period was 33%, whereas there was no
progression from category 1 to category 3 or 411).
Furthermore, the rate of progression from category
2 to category 3 was similar to that from category 3
to category 4 (36%). There was high probability of
radiographic progression from category 3 to category
4, which was as high as 63%. Concerning duration
of progression, American coal miners who received
compensation were reported to have a relatively short
mean duration of 12 years between the last normal
radiograph and the presentation of PMF22).
The prevalence of cases in category 4 in the present
study, which accounted for 38% of cases at the first
visit and increased to 66 % of cases at the end of the
study, was relatively high when compared with that in
the previous study conducted among whetstone cutters
during a 40-year follow-up period, which was 6% and
subsequently increased to 14%11). In addition, there
was evidence to support the premise that continuation of silica exposure after diagnosis of silicosis was
associated with advanced radiographic progression21).
It should be stated that it is important to followup tunnel workers with silicosis for a long period in
order to delay the onset of or, at least, provide early
detection of complicated silicosis, which probably
comes with other associated diseases such as tuberculosis, COPD, pulmonary hypertension, lung cancer,
etc.
It is difficult to conduct a longitudinal study among
tunnel workers because most of them migrate from
place to place to work. There is also limited access
to information after they quit their jobs or retire. At
the clinic, silicotic patients receive medical attention
at least once a year. As a result, we could retrospectively review and assess all chest radiographs.
Considering the duration of a follow-up over a period
of 4 to 34 years with an average of 17 years, this
study could observe patients for a relatively longer
period than could other studies5, 6, 8, 9, 12). To the best
of our knowledge, the present study is the first longitudinal study investigating radiographic progression of
silicosis among tunnel workers.
Although a relatively greater number of subjects
were analyzed in the present study compared with
longitudinal studies of other occupational groups5, 12),
chance may have the effect of obscuring the association of the factors among the groups, i.e., smoking and exposure. Selection bias may have led us
to underestimate the progression of silicosis, as we
could not include the deceased or patients admitted to
hospital due to complication and worsening of respiratory function in our clinic cohort, and these individu-
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als may have had a more severe form of the disease
than the subjects in the current study. Consequently,
our findings may have postulated the best situation of
radiographic progression of silicosis among Japanese
tunnel workers. Another limitation of a retrospective study as described previously is that we cannot
know the year of onset of silicosis precisely21). It is
possible that the onset of the disease may have been
several years prior to our diagnosis. In other words,
the period between the actual onset of the disease and
the first visit at the clinic is not certain. Even with
these limitations, the present retrospective observation of silicotic patients revealed an unusual progression pattern of radiographic findings from category
1, which is the lowest profusion, to category 4, a
synonym for complicated silicosis, without passing
through category 2 or 3.
In conclusion, our findings showed that silicosis
progressed at a relatively high rate among tunnel
workers who were followed up for up to 34 years
even after silica exposure had been discontinued. It
is necessary to regularly follow-up patients for a long
period. In addition, progression from category 1
directly to category 4 may require further investigation not only for better understanding of the disease
but also for improvement of disease prevention.
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