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PURPOSE

Silicosis is an incurable occupational disease that sometimes rapidly progresses with fatal out-
comes. We aimed to evaluate the association between disease severity and the change in the
pectoralis major muscle volume (PMV), subcutaneous fat volume (SFV), and the pulmonary ar-
tery/aorta (P/Ao) ratio in patients with silicosis using computed tomography (CT).

METHODS

The study included 41 male silicosis patients and 41 control group subjects with available chest CT
images. Using dedicated software, we measured PMV and SFV from the axial CT images. We calcu-
lated the P/Ao ratio and obtained body mass index (BMI) and forced expiratory volume/forced vital
capacity (FEV1/FVC) results from hospital records. We used the chest X-ray profusion score according
to the International Labor Organization (ILO) classification to evaluate the severity of the silicosis.

RESULTS

The mean age was 33.5+4.4 and 34.7+4.7 years in the silicotic and control groups, respectively.
The mean BMI, PMV, SFV, and P/Ao values significantly differed between the study and control
groups (p = 0.0009, p < 0.0001, p < 0.0001, and p = 0.0029, respectively). According to the ILO
classification, there were 12 silicosis patients in category 1, 13 in category 2, and 16 in category
3. Asignificant difference was found between disease categories in terms of PMV, SFV, P/Ao, BMI,
and FEV1/FVC values (p = 0.0425, p = 0.0341, p = 0.0002, p = 0.0492, and p = 0.0004, respectively).

CONCLUSION

Disease severity had a stronger association with decreased PMV and SFV and increased P/Ao ra-
tios than BMI in patients with silicosis caused by denim sandblasting. Thus, CT evaluation might
be a useful indicator of disease severity.

ilicosis is an occupational pulmonary disease caused by the inhalation of free silica

crystals and characterized by pulmonary fibrosis, which leads to radiographic and

pathological abnormalities. Despite being an old disease, it is still life-threatening due
to its incurable nature (1, 2). Although the incidence of occupational pulmonary diseases
has fallen in many countries, occupational exposure continues to cause a heavy burden
of illness in parts of the world undergoing rapid economic development and population
growth, and those with a large, unregistered and unregulated workforce (3). The clinical
diagnosis of silicosis is based on clinical history and compatible chest X-ray findings, which
mainly show abnormalities in the advanced stage (4). The International Classification of Ra-
diographs of Pneumoconioses of the International Labor Organization (ILO) is a powerful
tool used throughout the world to improve workers’ health surveillance, conduct epidemi-
ological research, and compare statistical data (5). Computed tomography (CT) (6, 7) and
magnetic resonance imaging (MRI) (8-10) are also used in the differential diagnosis and
follow-up of pulmonary diseases, such as silicosis.

Respiratory symptoms, such as coughing and shortness of breath are prominent in silico-
sis, and pulmonary function test is used in clinical follow-up. Patients also exhibit symptoms
that are uncharacteristic of silicosis such as muscle weakness and weight loss (11); however,
their effect on morbidity and mortality of silicosis remains unclear. Although body mass
index (BMI) is usually used to monitor weight loss, it is a measure associated with the total
amount of body fat and does not provide specific information about body composition. The
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pathological loss of skeletal muscle mass is
not always accompanied by a comparable
loss of adipose tissue (12). Skeletal muscle
mass and glucose consumption are crucial
for immune function; therefore, reduced
skeletal muscle may result in increased
physiological disturbances, mortality, and
morbidity (13, 14). The prevention of skel-
etal muscle loss is an essential objective in
reducing mortality and morbidity in chron-
ic obstructive pulmonary disease (COPD)
(15). Recognizing and preventing or revers-
ing muscle loss may help improve quality
of life and extend lifespan in silicosis, which
has no effective cure yet. The ratio of the
pulmonary artery diameter to the aortic di-
ameter (P/Ao) measured by CT can be used
to evaluate pulmonary hypertension (16).
P/Ao >1 is a reliable predictor of pulmo-
nary hypertension, and therefore directly
indicates a worse clinical outcome (17). An
increased P/Ao ratio may also be a potential
indicator of the onset of pulmonary hyper-
tension and mortality in silicosis patients.
However, the literature contains no relevant
data in silicosis patients.

This study aimed to evaluate the associa-
tion between the severity of silicosis caused
by denim sandblasting and the change in
the pectoralis major muscle volume (PMV),
subcutaneous fat volume (SFV), and P/Ao
ratio using CT. We also investigated wheth-
er these changes represented the severity
of the disease.

Methods

Study population

The data of 108 patients that present-
ed to the pulmonary medicine outpatient
clinic of our hospital and were diagnosed
with silicosis between 2007 and 2011 were
retrospectively analyzed. Forty-four pa-
tients with thorax CT, ILO classification, BMI,

* Chest CT can provide information regarding
the loss of muscle and adipose tissue in addi-
tion to lung parenchymal damage in chronic
lung diseases such as silicosis.

* An increased P/Ao ratio may be a predictor
of the onset of pulmonary hypertension and
mortality in silicosis.

* The decrease in muscle mass and subcuta-
neous adipose tissue in silicosis patients may
be a better indicator of change in body com-
position. Thus, these parameters can be used
instead of BMI in selected patients.

and forced expiratory volume -one second
(FEV1)/forced vital capacity (FVC) data were
included in the study. Patients with chron-
ic diseases that could affect body muscle
and fat tissue were excluded (one muscu-
lar dystrophy case and two patients with
diabetes). The remaining 41 patients with
silicosis were included in the study group.
All patients in the study group were male.
Forty-one age-matched male patients who
underwent thoracic CT for trauma and had
no pathology on thorax CT and no history
of chronic disease that would affect muscle
and fat volume were included in the control
group. The ethics committee of our institu-
tion approved the study.

Thorax CT protocol

CT examinations were performed using
a second-generation Somatom Definition
Flash 256-slice dual-source multidetector
CT scanner (Siemens Healthcare). The CT
scans were performed in supine position
in all cases, with arms raised on both sides
of the head, without any contrast materi-
al. In some cases, additional contrast-en-
hanced CT was obtained due to suspicion
of malignancy and pulmonary embolism.
Contrast-enhanced images were used in
the control group. The tube potency was
120 kV, and tube current was 150 mAs. All
lung parenchymal areas from the apex of
the lung to the basal were visualized during
expiration with a section thickness of 5 mm.

Image analysis and measurements

All CT images were analyzed on high-res-
olution monitors using a picture archiving
and communication system (SyngoVia con-
sole, software version 2.0; Siemens Medical
Solutions). PMV and SFV were measured us-
ing a 3D volume measurement workstation
(Myrian Pro, Intrasense). The quantitative
evaluation of the pectoralis major muscle
can be performed from the third thoracic
vertebra (T3) level (18) or the aortic arch lev-
el (19). However, we obtained PMV approx-
imately 3 cm along the vertical y-axis of the
inferior from the level of the fourth thoracic
costovertebral junction. To measure the
volume of the pectoralis major muscle, the
fourth thoracic costovertebral joint (CV)J)
was used as the starting point in axial CT
slices. At this level, the muscle reached the
point of attachment to the shoulder girdle
and was entirely within the imaging frame.
In addition, this level was the best to dis-
tinguish between the pectoralis major and
minor muscles. The muscles were marked

38. January-February 2021 « Diagnostic and Interventional Radiology

using a predefined attenuation range of -50
to 90 HU.

For SFV, the lower thoracic/upper ab-
dominal subcutaneous adipose tissue was
marked along a 3 cm vertical line starting
at the level of the 12 CVJ in the thoracic
region (20), and its volume was calculated
in cm?. The subcutaneous fat tissue was
marked using a predefined attenuation
range of -40 to -175 HU.

The pulmonary conus and ascending aor-
ta diameters were measured approximately
1 cm distal from the valvular level. The P/Ao
ratio was obtained. Fig. 1 presents the axial
CT images or three-dimensional images of
PMV and SFV measurements, and P/Ao cal-
culation in the silicotic and control groups.

The chest X-rays of the silicosis patients
were categorized according to the ILO clas-
sification (profusion scores) obtained from
a follow-up study (21). The ILO values of our
patients varied between 4 and 12. In terms of
disease severity, the patients were evaluated
in three categories: Category 1, ILO 4-6; cat-
egory 2, ILO 7-9; and category 3, ILO 10-12.

Statistical analysis

The statistical analysis was performed by
using MedCalc (version 12). Normality of
distribution was evaluated by the D'’Agos-
tino-Pearson test. The demographic data
were compared between the two groups
using the Student t test for age. The PMV,
SFV, and P/Ao values were compared be-
tween the two groups using the Mann-U
Whitney test. BMI values were compared
with the Student t test. Patients were
grouped according to the disease severity
based on ILO classification and compared in
terms of PMV, SFV, P/Ao, BMI, and FEV1/FVC,
using the Kruskal-Wallis test. Dunn-Bonfer-
roni post hoc test was performed after Kru-
skal Wallis tests.

Results

The study included 41 male silicosis pa-
tients and 41 male controls. The mean age
was 33.461+4.44 and 34.65+4.73 years in the
silicotic and control groups, respectively.
The mean BMI, PMV, SFV, and P/Ao values
differed significantly between the study
and control groups (p = 0.0009, p < 0.0001,
p < 0.0001, and p = 0.0029, respectively).
The data of the study and control groups
are presented in Table 1 and Fig. 2.

According to the ILO radiological clas-
sification, there were 12 patients in cate-
gory 1, 13 in category 2, and 16 in cate-
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Figure 1. a-h. Axial CT at the level of the fourth costovertebral joint shows the pectoralis major
volume (PMV) in the control (a) and patient (b) groups. Axial CT at level of the 12 costovertebral
joint shows the subcutaneous fat volume (SFV) in the control (c) and patient (d) groups. Three-
dimensional images show PMV and SFV in the control (e) and patient (f) groups. The pulmonary
artery and aorta measurements from the axial CT images in the control (g) and patient (h) groups.

gory 3. A significant difference was found
between disease categories in terms of
PMV, SFV, P/Ao, BMI, and FEV1/FVC val-
ues (p = 0.0425, p = 0.0341, p = 0.0002, p
= 0.0492, and p = 0.0004, respectively).
Post hoc analysis showed that BMI, PMV,
SFV, P/Ao and FEV1/FVC parameters were
significantly different in ILO category 3
patients whereas there was no significant
difference between ILO category 1 and 2

patients. The data of the study group cate-
gorized according to the ILO classification
are presented in Table 2.

Discussion

The literature includes studies in which
CT muscle measurements were used to an-
alyze the relationship between the chang-
es in muscle volume and disease mortality
and morbidity in patients with COPD and

cancer (19, 22, 23). However, our literature
search yielded no similar studies conducted
with silicosis patients. In a study to predict
mortality in lung cancer patients partici-
pating in the National Lung Screening Trial,
muscle area and subcutaneous fat attenu-
ation were measured using chest CT, and
it was reported that the deceased patients
showed more significant reduction in mus-
cle area compared with the survivors (18).
Similarly, in our study, the recent death
of a patient with a very low PMV and SFV
supports the correlation between reduced
muscle-adipose tissue and mortality in sil-
icosis. This suggests that different mecha-
nisms, in addition to respiratory failure, may
be useful in predicting mortality in diseases
with primary pulmonary involvement, such
as silicosis. It has been shown that reduced
pectoralis muscle area, which is a new CT-
based anthropometric measurement, is cor-
related with COPD presence and advanced
Global Initiative for Chronic Obstructive
Lung Disease stage, and may be a more
significant indicator of disease severity than
BMI (19). We also observed that the profu-
sion score, an indicator of disease severity,
had a stronger association with reduced
PMV than BMl in our silicosis patients.

Our CT measurements revealed that the
patients with silicosis caused by denim
sandblasting had significantly reduced PMV
and SFV values but a significantly increased
P/Ao ratio compared with the controls.
These changes were more prominent in
advanced stage 3 patients, who had higher
ILO scores than the other categories.

Although some publications have demon-
strated significant subcutaneous adipose
tissue loss in COPD and cancer, suggesting
that this might serve as an indicator of dis-
ease severity (18), others found no associa-
tion with the length of stay in the intensive
care unit in patients with respiratory failure
(24). In our study, we observed a significant
reduction in SFV associated with advanced
disease stage in silicosis patients when com-
pared with the controls. In silicosis patients,
the reduction in muscle mass and subcuta-
neous adipose tissue may be a better indica-
tor of the changing body composition and
can be used instead of BMI.

In a study on idiopathic pulmonary fibro-
sis, it was shown that patients with P/Ao
>1 according to chest CT were three times
more likely to die or require a lung trans-
plant (25). We also determined that the P/
Ao ratio was significantly higher in silicosis
patients compared with the control group
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Table 1. Comparison of CT measurements and baseline characteristics between the study and control groups

Age Gender, n (%) BMI PMV SFV P/Ao

Study group (n=41) 33.46+4.44 M, 41 (100) 24.08+3.89 104.52+16.15 141.89+77.90 0.89+0.10
Control group (n=41) 34.65+4.73 M, 41 (100) 26.50+2.78 148.86+26.12 257.76x117.40 0.82+0.07
p 0.2484 0.0009 < 0.0001 < 0.0001 0.0029
BMI, body mass index; PMV, pectoralis muscle volume; SFV, subcutaneous fat volume; P/Ao, pulmonary artery/aorta.
Table 2. Patient data categorized according to the ILO subgroups

n BMI PMV SFV P/Ao FEV1/FVC
Category 1 12 25.25+3.10 109.87£15.77 187.41£97.48 0.82+0.04 77.66+3.74
Category 2 13 25.33+2.82 110.53+12.34 161.07+£60.96 0.84+0.05 77.84+7.24
Category 3 16 22.18+4.54* 95.62+15.90* 92.15+40.32* 0.98+0.11* 60.87+13.52*
p 0.0492 0.0425 0.0341 0.0002 0.0004

ILO, International Labor Organization; BMI, body mass index; PMV, pectoralis muscle volume; SFV, subcutaneous fat volume; P/Ao, pulmonary artery/aorta; FEV1, forced expi-

ratory volume -one second; FVC, forced vital capacity.
*Significant difference according to post-hoc analysis
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Figure 2. a—c. Box plot (a) shows muscle volume measurements in the patient and control groups; box plot (b) shows SFV measurements in the patient
and control groups; box plot (c) shows P/Ao ratio calculation in the patient and control groups.

and that this increase was correlated with
the measures of disease severity (profusion
and pulmonary function test). Considering
the increased risk of pulmonary hyperten-
sion in silicosis patients, increased P/Ao
ratios may be a predictor of pulmonary hy-
pertension onset and mortality.

Our study had several limitations. First, the
results do not represent all silicosis patients
because our sample included a specific age
group and only cases caused by sandblasting,
in whom the acute/subacute clinical picture is
more severe. Second, accurate results may not
be obtained in silicosis patients with chronic
diseases that can affect PMV and SFV, such
as diabetes mellitus, muscle dystrophy, and
tuberculosis. Therefore, these parameters are
more appropriate for use in selected silicosis
patients. Although the death of a patient with
very low PMV and SFV values suggests that
the decrease in muscle and fat tissue in sili-

cosis might be a useful indicator of mortality,
more comprehensive studies are needed for
statistical evaluation. Third, considering the
association between silicosis and increased
cardiometabolic risk (26), it would have been
better to include abdominal visceral adipose
tissue measurements. However, our thorax CT
protocol did not allow such measurements
in most cases. Lastly, since we could not use
gated CT images, the P/Ao ratio may have
differed according to the cardiac phase from
which the CT images obtained.

In conclusion, we consider that the
changes in PMV and SFV provide more
valuable data than BMI for the evaluation
of body composition in silicosis. In addition,
the detection of findings other than lung
parenchyma (decreased PMV and SFV and
increased P/Ao ratio) with a different view
of CT evaluation can help predict morbidity
and mortality in these patients.
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