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HIGHLIGHTS

* HRCT characterizes lung disease

» Silicosis was most common
* Progressive fibrosis was frequent
* Cough was predominant symptom

* Occupational history aids diagnosis
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ABSTRACT

Introduction: Occupational lung diseases are an important group of preventable

respiratory disorders caused by prolonged exposure to dust, fumes, and other
occupational hazards. High-resolution computed tomography (HRCT) provides
superior characterization of pulmonary parenchymal abnormalities compared with
conventional chest radiography. Aim & Objective: This study aimed to evaluate the
spectrum of HRCT findings in patients with respiratory symptoms and significant
occupational exposure and to assess the relationship between occupational exposure
and radiological abnormalities. Material & Methods: A prospective observational
study was conducted in the Department of Radiodiagnosis, Gajra Raja Medical
College, Gwalior, from April 2023 to March 2025. Seventy-two patients with
respiratory complaints and occupational exposure of at least 5 years were evaluated
using clinical history, chest radiography, and HRCT thorax. Patients with non-
occupational causes of pulmonary disease and those not providing consent were
excluded. The HRCT findings were analyzed and correlated with occupational
exposure and clinico-radiological diagnosis. Results: The mean age of participants
was 44.54 + 8.50 years, with a mean occupational exposure of 17.44 + 7.74 years.
Cough was the commonest symptom (51.39%). On chest radiography, diffuse upper-
zone nodular opacities were most frequent (25%). HRCT demonstrated progressive
fibrosis in 47.23%, traction bronchiectasis in 34.73%, centrilobular nodules in 25%,
consolidation in 19.45%, and ground-glass opacities in 16.67%. Silicosis was the most
common clinic-radiological diagnosis (34.72%), followed by progressive massive
fibrosis (19.4%) and UIP (15.3%). Conclusion: HRCT effectively demonstrates the
diverse spectrum of occupational lung abnormalities and provides greater
characterization of parenchymal disease than chest radiography. Early recognition of
characteristic HRCT patterns, combined with occupational history, can facilitate
timely diagnosis, exposure reduction, and prevention of progressive pulmonary
fibrosis.
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INTRODUCTION

The lungs possess an extensive surface area, rich vascularity, and
a thin air-blood barrier, making them particularly vulnerable to
environmental and occupational agents that may produce local,
systemic, or immunological toxic effects. Consequently, occu-
pational and environmental exposures should be considered in
the differential diagnosis of major respiratory disease patterns.
According to the cited WHO estimate, approximately 2 million
deaths in India were directly or indirectly associated with
occupational conditions [2]. Occupational lung disease (OLD) is
among the most frequently diagnosed work-related conditions
after occupational injuries and encompasses a broad spectrum of
disorders resulting from inhalation or ingestion of dust, fumes,
and noxious chemicals [1-3].

Occupational lung diseases include pneumoconiosis, asbestos-
related pleural and parenchymal disease, chemical pneumonitis,
occupational infections, hypersensitivity pneumonitis, and
organic dust toxic syndrome [3]. The causative agents may be
organic or inorganic dusts, gases, fumes, and various chemicals,
with the clinical and radiological manifestations depending
substantially on the nature, intensity, and duration of exposure
[4]. Some occupational disorders have characteristic imaging
appearances; however, many lack pathognomonic features and
may closely resemble non-occupational pulmonary diseases.
Furthermore, the same occupational exposure may produce
distinct acute and chronic manifestations. Acute diseases gener-
ally develop within a relatively short and predictable interval
after exposure, whereas chronic occupational diseases may have
prolonged latency periods extending over several years [1].

The amount and duration of occupational exposure are important
considerations because exposure intensity may influence disease
severity, disease frequency among exposed workers, and the rate

of disease development, although these relationships may not
necessarily occur simultaneously [1]. Establishing an occupati-
onal etiology therefore requires a comprehensive occupational
history, identification of exposure to a recognized disease-
producing agent, an appropriate latency period, compatible
clinical and physiological findings, characteristic radiological
features, and exclusion of alternative causes of interstitial or
diffuse lung disease. This is particularly important because the
clinical, radiological, and pathological manifestations of
occupational diseases may be indistinguishable from their non-
occupational counterparts due to the limited range of pulmonary
responses to injury [3].

Diagnosis is further complicated by the frequently nonspecific
nature of respiratory symptoms. Nevertheless, occupational
lung diseases may demonstrate stereotypical radiological
patterns that can provide important diagnostic clues.
Radiologists therefore have a crucial role in recognizing these
patterns, correlating them with occupational exposure, and
facilitating early diagnosis. Timely identification is clinically
important because removal or reduction of exposure represents a
fundamental component of preventing disease progression and
reducing subsequent morbidity [5]. Imaging is central to the
evaluation of suspected occupational lung disease. Chest
radiography remains an important initial and widely available
investigation and may demonstrate characteristic or highly
suggestive abnormalities when interpreted alongside an appro-
priate exposure history. However, conventional radiography has
recognized limitations, particularly its relatively low sensitivity
and nonspecific findings, and may fail to detect a proportion of
pathologically established pulmonary abnormalities. These
limitations are particularly relevant in early or subtle paren-
chymal disease [6,7].

PATHOPHYSIOLOGY AND HRCT EVALUATION IN OCCUPATIONAL LUNG DISORDERS
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Figure 1: Pathophysiology and HRCT findings in occupational lung disorders.
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High-resolution computed tomography (HRCT) provides more
detailed assessment of pulmonary architecture and has demons-
trated greater sensitivity for detecting early occupational lung
abnormalities, particularly in silica-related disease. Compared
with chest radiography, HRCT provides superior visualization
and characterization of parenchymal abnormalities, improves
differentiation of disease patterns, and more accurately demons-
trates the anatomical distribution and morphological features of
occupational lung disease. Its ability to depict abnormalities
more closely related to the underlying pathological process
makes it particularly valuable in the evaluation of diffuse and
interstitial lung disorders [8,9].

Despite these advantages, the routine use of CT for screening
remains debated because of its higher cost, limited availability, &
radiation exposure [6]. Moreover, a universally adopted compre-
hensive system for classification and quantitative assessment of
occupational lung abnormalities on HRCT is not yet widely
implemented. Variability in terminology and limited awareness
of characteristic imaging manifestations may further contribute
to diagnostic uncertainty. Therefore, accurate interpretation of
HRCT findings in conjunction with detailed occupational history
and clinical information is essential for improving diagnostic
confidence, identifying disease at an earlier stage, & supporting
appropriate reduction or removal of occupational exposure [10].
Figure 1: Pathophysiological Mechanisms and HRCT Findings
in Occupational Lung Disease.

The study aimed to identify the various pulmonary pathologies
associated with occupational exposure on HRCT chest and to
assess the correlation between the duration of occupational
exposure and HRCT radiological findings, thereby facilitating
carly identification and reduction of exposure to occupational
hazards and ultimately reducing the morbidity and mortality
associated with occupational lung diseases.

MATERIAL & METHODS

This prospective study was conducted at the Department of
Radiodiagnosis at Gajra Raja Medical College, Gwalior from
April 2023 to March 2025. Ethical approval has been obtained
from the Ethical Approval Committee of Gajra Raja Medical
College, Gwalior.

Study Population

The study population comprised patients presenting with respi-
ratory complaints and a significant occupational history of at
least 5 years of exposure, referred to the Department of Radio-
diagnosis, JAH, and enrolled as cases. Patients who did not
provide informed consent were excluded. Additionally, patients
with clinical symptoms or CT/X-ray findings suggestive of
pulmonary disease due to infection, trauma, congenital disord-
ers, smoking, connective tissue diseases, or other conditions
producing similar manifestations were excluded.

www.internationalmedicalpublishing.com

Data Analysis

Data were systematically compiled and analyzed using descrip-
tive statistical methods to summarize demographic, occupati-
onal, clinical, chest radiographic, & HRCT findings. Frequencies
and percentages were calculated for categorical variables, while
mean and standard deviation were used for continuous variables
such as age and duration of occupational exposure. HRCT
abnormalities were compared with chest radiographic findings
and occupational exposure patterns, and clinicoradiological
diagnoses were assessed according to observed imaging charact-
eristics and disease severity.

RESULTS

The present prospective study was conducted in the Department
of Radiodiagnosis, G.R.M.C., Gwalior, and included 72 patients
with respiratory complaints and significant occupational expo-
sure evaluated between April 2023 and March 2025. The mean
age of the participants was 44.54 + 8.50 years, ranging from 30 to
60 years, with the 31-40 and 41-50 year age groups being most
common (34.72% each), followed by 51-60 years (26.39%) and
approximately 30 years (4.17%). All participants were male.
Regarding occupation, 33.3% were farmers, 25% factory
workers, 22.2% stone workers, and 19.4% mill workers. The
mean duration of occupational exposure was 17.44 +7.74 years,
with exposure ranging from 5 to 30 years. Clinically, cough was
the most frequent complaint (51.39%), followed by dyspnoea
(27.78%), severe dyspnoea, fever, and weight loss (19.45%
each), progressive dyspnoea (15.28%), sputum production
(11.12%), dry cough (5.56%), and shortness of breath (4.17%);
8.34% reported no complaints. Chest radiography demonstrated
diffuse nodular opacities in the upper zones as the most common
finding (25%), followed by massive fibrosis with upper-zone
predominance (19.4%), reticulonodular pattern (15.3%), patchy
opacities (12.5%), normal chest radiograph (9.7%), lobar
consolidation (6.9%), ground-glass opacities (4.2%), increased
bronchovascular markings (4.2%), and centrilobular nodules
(2.8%). Overall, the clinical history, occupational exposure
profile, chest radiographic findings, & subsequent HRCT evalua-
tion provided a comprehensive assessment of the spectrum of
occupationally associated pulmonary abnormalities in the study
population. HRCT revealed progressive fibrosis as the most
common finding (47.23%), followed by traction bronchiectasis
(34.73%) and centrilobular nodules (25.0%), with consolidation
(19.45%), ground-glass opacities (16.67%), and honeycombing
(15.28%) also frequently observed (Figure 2).The final clinico-
radiological diagnosis showed silicosis as the most common
condition (34.72%), followed by progressive massive fibrosis
(19.4%) and UIP (15.3%), while infective disease accounted for
9.7%; bronchitis and hypersensitivity pneumonitis each
comprised 4.2%, and coal workers' pneumoconiosis 2.8%
(Table1).
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Upper-lobe predominance was observed in 31.9% of patients,
while 15.3% showed lower-lobe predominance; 43.1% had no
specific lobar predominance, and 9.7% had normal findings
(Figure 3). The qualitative severity classification showed that
PMF and UIP were categorized as severe occupational lung
diseases, while hypersensitivity pneumonitis was considered
moderate to severe. Silicosis and coal workers' pneumoconiosis
were classified as mild to moderate, bronchitis as mild, and
normal findings as having no severity (Table 2). The estimated
mean occupational exposure increased with disease severity,
ranging from approximately 10 years in mild bronchitis to 21-22
years in severe conditions such as PMF and UIP. Moderate-to-
severe hypersensitivity pneumonitis was associated with about
18 years of exposure, while mild-to-moderate silicosis and CWP
corresponded to approximately 13—14 years.

Normal cases had an estimated exposure of about 8 years (Table
3). The qualitative severity scale classified PMF and UIP as
severe conditions due to extensive fibrosis, architectural
distortion, & honeycombing, while hypersensitivity pneumon-
itis was considered moderate to severe. Simple silicosis and coal
workers' pneumoconiosis were categorized as mild to moderate,
bronchitis as mild, and normal findings as having no radiological
disease. Overall, greater occupational exposure was associated
with increasing qualitative disease severity (Table 4). Figure 4:
Chest X-ray findings in Case 1 and Case 2 showing upper lobe
nodular/fibrotic changes with lung zone collapse, associated
with occupational exposure. Figure 5: Chest X-ray findings in
Case 3 and Case 4 showing bilateral upper lobe nodular opacities
and fibronodular changes with right upper lobe cavitation,
suggestive of Silico-TB sequelae.

Coa maules NN 278
Mosic atenuation BN 4.17

Bronchial wallthickening IEEEE 417

HRCT Findings

Figure 2: HRCT Findings

Table 1: Final Clinico-radiological Diagnosis

Final Clinico-radiological Diagnosis

Silicosis

PMF

UIP

Infective

Normal

Bronchitis

Hypersensitivity Pneumonitis
Coal Workers' Pneumoconiosis
Total

Table 2: Classification as per severity of findings

Diagnosis

Silicosis

PMF

UIP

Hypersensitivity Pneumonitis
Coal Workers’ Pneumoconiosis
Bronchitis

Normal

Frequency Percent
25 34.72
14 19.4
11 15.3
7 9.7
7 9.7
3 4.2
3 4.2
2 2.8
72 100.0
Count  Severity Group
25 Mild to Moderate
14 Severe
11 Severe
3 Moderate to Severe
2 Mild to Moderate
3 Mild
7 None
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Figure 3: Predominance

Table 3: Estimated Mean Exposure per Severity Category

Severity Estimated Exposure (Years) Basis

Severe 21-22 PME, UIP (stone workers, >15 years exposure)
Moderate to Severe 18 HP (chronic form, long exposure)

Mild to Moderate 13-14 Silicosis, CWP (~10 —15 years exposure)

Mild 10 Bronchitis

None 8 Normal cases with minimal exposure

Table 4: Qualitative Severity Scale of Diagnoses (Reference-Based)

Diagnosis Qualitative Severity  Justification
Coalescence of nodules, architectural distortion,
PMF Severe . .
significant fibrosis
uIpP Severe Trreversible fibrosis, honeycombing, poor prognosis
Hypersensitivi
P .. vity Moderate to Severe Traction bronchiectasis, mosaic attenuation
Pneumonitis
Silicosis (Simple) ~ Mild to Moderate Stable nodular pattern, may have lymph node calcification
Coal Workers’ . s e
L Mild to Moderate Overlaps with simple silicosis
Pneumoconiosis
Bronchitis Mild Reversible, non -fibrotic
Normal None No radiological disease

Case 1 Case 2

Figure 4: (Case 1) Chest X ray of the patient shows upper lobe predominant nodular opacities with collapse of the left upper lung
zone. (Occupational history — Stone worker for 11 years); (Case 2) Chest X ray of the patient shows extensive fibrotic changes
(Retriculonodular opacities in bilateral lung field (Right > Left) with collapse of right upper lung zone. (Occupational history of
Plastic Factory worker since 9 years)
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Case 3

Case 4

Figure 5: (Case 3) X Ray Chest shows few nodular opacities predominant in bilateral upper; (Case 4) Upper lobe predominant

fibronodular changes with cavitation in right upper lobe and calcific foci in mediastinum (lymphadenopathy) - Likely sequelae of

Silico-TB

DISCUSSION

Occupational lung diseases comprise a broad spectrum of
respiratory disorders caused by repeated or prolonged exposure,
or occasionally a single severe exposure, to irritating or toxic
substances. They represent one of the most common work-
related conditions after occupational injuries and include
pneumoconiosis, asbestos-related pleural and parenchymal
disease, chemical pneumonitis, occupational infections,
hypersensitivity pneumonitis, and organic dust toxic syndrome.
Pneumoconiosis may be classified clinicopathologically into
fibrotic and non-fibrotic forms according to the presence or
absence of pulmonary fibrosis. Imaging is essential in the
evaluation of occupational lung disease, with chest radiography
serving as an important, accessible, and inexpensive initial
investigation. However, HRCT provides substantially better
characterization and localization of pulmonary abnormalities, as
chest radiographs may occasionally appear normal despite
established occupational lung disease. The present study was
therefore undertaken to evaluate the spectrum of pulmonary
changes associated with occupational exposure using chest
radiography and HRCT[9,11].

The mean age of participants in the present study was 44.54 +
8.50 years, with the 31-40 and 41-50 year age groups being most
commonly represented, while participants around 30 years were
least frequent. MM MM, et. al; 2019, reported a predominance
of the 20-39 year age group, while Bhat IM, et. al; 2016 and
Dhooria S, et. al; 2018, reported findings broadly comparable
with the present study. Occupational distribution in the present
study included 25% factory workers, 33.3% farmers, 19.4% mill
workers, and 22.2% stone workers. Previous studies have
similarly documented exposure among workers handling silica,
asbestos, cotton, metal and organic dusts, iron oxide, rubber and
plastic fumes, and other industrial agents. MM MM, et. al; 2019,
reported sand-mining, road-making, and cotton-mill workers
among their study population [12-14].

www.internationalmedicalpublishing.com

The mean duration of occupational exposure in the present study
was 17.44 + 7.74 years, with 5-15 years of exposure being the
most frequent category. Similar exposure patterns were reported
by Gupta S, et.al;2017 and Patel S, et. al; 2024. Occupational
exposure to dust, chemicals, gases, and other toxic substances is
associated with pneumoconioses such as silicosis, asbestosis,
and coal workers' pneumoconiosis. Silicosis particularly affects
workers with substantial silica exposure, including miners,
construction workers, ceramic workers, tunnel drillers, sandbl-
asters, and stone carvers [15-17].

Respiratory symptoms in the present study were predominantly
cough (51.39%), followed by dyspnoea (27.78%), severe
dyspnoea (19.45%), fever (19.45%), weight loss (19.45%),
progressive dyspnoea (15.28%), sputum production (11.12%),
dry cough (5.56%), and shortness of breath (4.17%). MM MM,
et. al; 2019, described fever, influenza-like symptoms, dry
cough, chest tightness, mild dyspnoea, and wheezing in
occupational exposure-related disecase. Gupta S, et. al; 2017,
reported cough in 60%, fever in 24%, dyspnoea in 64%, and
weight loss in 6%, while Bhat IM, et. al; 2016, also identified
cough as a major presenting complaint. Bhat IM, et. al; 2016,
reported dyspnoea on exertion in 64%, cough in 60%, fever in
24%, and weight loss in 6%, demonstrating broadly comparable
clinical manifestations [12,13,15].

Regarding distribution, the present study demonstrated upper-
lobe predominance in 31.9%, lower-lobe involvement in 15.3%,
no specific predominance in 43.1%, and normal findings in
9.7%. Upper-lobe predominance was also described by Bhawna
S, et.al; 2013 and Bhat IM, et. al; 2016, whereas Patel S, et. Al
2024, reported involvement of the upper, middle, and lower
lobes in 61%, 56%, and 91% of cases, respectively, differing
from the present findings [9,13,17].

On chest radiography, diffuse upper-zone nodular opacities were
most frequent (25%), followed by massive fibrosis with upper-
zone predominance (19.4%), reticulonodular pattern (15.3%),
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patchy opacities (12.5%), lobar consolidation (6.9%), ground-
glass opacities (4.2%), increased bronchovascular markings (4.2
%), and centrilobular nodules (2.8%). Harsha Jain H, et. al;
2021, reported ground-glass opacities, consolidation, and reticu-
lonodular patterns in 18.86%, 5.66%, and 47.16%, respectively,
while Lal NR, et. al; documented reticular and nodular opacities,
septal thickening, honeycombing, traction bronchiectasis, conso-
lidation, and ground-glass opacities with varying frequencies
[18,19].

HRCT demonstrated progressive fibrosis in 47.23%, traction
bronchiectasis in 34.73%, centrilobular nodules in 25%, consoli-
dation in 19.45%, ground-glass opacities in 16.67%, honeycom-
bing in 15.28%, air bronchogram in 6.95%, bronchial wall
thickening and mosaic attenuation in 4.17% each, & coal macules
in 2.78%. These findings were comparable in several respects
with previous reports, although the frequencies varied. Harsha
Jain H, et. al; 2021, reported bronchiectasis in 62.96% and
honeycombing in 67.92%, whereas Patel S, et. Al; 2024,
documented traction bronchiectasis in 60%, ground-glass
opacities in 49%, and honeycombing in 58%. Lal NR, et. al;
reported frequent reticular & nodular opacities, septal thicken-
ing, honeycombing, traction bronchiectasis, consolidation, and
ground-glass opacities [17-19].

The final clinicoradiological diagnoses in the present study were
predominantly silicosis (34.72%), followed by progressive
massive fibrosis (19.4%), usual interstitial pneumonia (15.3%),
infective disease (9.7%), bronchitis (4.2%), hypersensitivity
pneumonitis (4.2%), and coal workers' pneumoconiosis (2.8%).
Patel S, et. Al; 2024, reported pneumoconiosis in 5% and UIP in
45%, while Doshi J A, et. al; 2022, reported UIP in 38%, non-
specific interstitial pneumonia in 24%, and respiratory bronch-
iolitis associated interstitial lung disease in 6%.

Overall, the present findings demonstrate the diverse radiological
spectrum of occupational lung disease & emphasize the
complementary role of chest radiography and HRCT, with HRCT
providing more detailed characterization of pulmonary abnorma-
lities and aiding clinicoradiological diagnosis [17,20].

CONCLUSION

Occupational lung diseases are preventable pulmonary disorders
commonly associated with prolonged exposure to dust, smoke,
fumes, and other workplace hazards. In the present study,
silicosis and progressive massive fibrosis were the most frequent
manifestations.

Early diagnosis and reduction of occupational exposure may help
prevent progression to end-stage pulmonary fibrosis. While some
diseases demonstrate characteristic radiological features, accur-
ate diagnosis often requires integration of clinical findings,
occupational history, and imaging. Although chest radiography
remains an important initial investigation, HRCT is the gold
standard for detailed evaluation, classification, and assessment of
occupational lung disease.
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LIMITATIONS & FUTURE PERSPECTIVES

The study was limited by its single-centre design, relatively
small sample size, and short duration, which may restrict
generalizability. Future research could focus on multicenter
studies with larger cohorts to validate findings, evaluate long-
term outcomes, and explore innovative diagnostic & managem-
ent strategies for appendicular perforation, improving patient
prognosis and reducing complications

CLINICALSIGNIFICANCE

The clinical significance of this study lies in its potential to
bridge the gap between research findings and practical
healthcare applications. It emphasizes the importance of
translating scientific observations into meaningful improve-
ments in patient care, diagnosis, and treatment outcomes. By
highlighting real world relevance, the study contributes to
evidence based medical practice and supports informed clinical
decision making. Ultimately, the findings aim to enhance patient
quality of life, optimize therapeutic strategies, and promote
better disease management in clinical settings.

ABBREVIATIONS

HRCT: High-Resolution Computed Tomography
UIP: Usual Interstitial Pneumonia

CT: Computed Tomography

PMF: Progressive Massive Fibrosis

GGO: Ground-Glass Opacity

CXR: Chest X-ray

ILD: Interstitial Lung Disease
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