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Abstract

Tobacco smoking induces progressive structural and functional alterations in lung tissue.
This study evaluates morphofunctional changes using radiological and microscopic
techniques. Structural remodeling includes airway thickening, emphysema, and fibrosis
(Kligerman S et al., 2019).Functional impairment is characterized by reduced airflow and
perfusion abnormalities. High-resolution CT detects emphysematous destruction and airway
remodeling (Webb WR et al., 2014).MRI identifies ventilation-perfusion mismatch in smokers
(Nyilas S et al., 2022).SEM reveals surface irregularities of alveoli (Hikichi M et al.,
1980).TEM demonstrates mitochondrial and epithelial damage at ultrastructural levels (Li Y
et al., 2018).The severity of lung injury correlates with smoking exposure (Muthineni AK et
al., 2021).Early detection is crucial for preventing irreversible pulmonary damage (Guan Y
etal., 2023).

Introduction
Tobacco smoke contains numerous toxic substances that damage lung parenchyma
(Kligerman S et al., 2019). Chronic exposure leads to progressive airway inflammation and
remodeling (Barnes PJ et al., 2004). Smoking is a major cause of chronic obstructive
pulmonary disease (COPD) (Vogelmeier CF et al., 2017). Structural abnormalities include
emphysema, fibrosis, and airway narrowing (Webb WR et al., 2014). High-resolution CT is
widely used to detect smoking-related lung disease (Lynch DA et al., 2015). Radiological
findings often correlate with disease severity (Jou SS et al., 2019). MRI provides functional
assessmentof ventilationand perfusionchanges (Nyilas Setal., 2022). Smoking-related lung
diseases often overlap in imaging patterns (Hansell DM et al., 2008). Quantitative imaging
improves early diagnosis and monitoring (Guan Y et al., 2023). This study integrates
morphological and functional aspects of lung damage.
Materials and Methods
A cross-sectional study was conducted on 100 individuals. Subjects were divided into
smokers and non-smokers. Spirometry asserg__s_ed pulmonary function parameters (Pellegrino
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Retal., 2005). High-resolution CT scans evaluated structural abnormalities (Webb WR et al.,
2014). MRI assessed lung perfusion and ventilation mismatch (Nyilas S et al., 2022).
Radiological scoring systems quantified emphysema severity (Miiller NL et al., 1988). SEM
analyzedalveolarsurface morphology (Hikichi M etal., 1980). TEM evaluated ultrastructural
cellular damage (Weibel ER et al., 1963). Histopathology confirmed fibrosis and
inflammation (Li Y et al., 2018). Statistical correlation was performed between imaging and
functional data (Guan Y et al., 2023).

Results

Smokers exhibited significantly reduced FEV1 values (Pellegrino R et al., 2005). CT
imaging showed increased emphysema scores (Jou SS et al., 2019). MRI demonstrated
reduced pulmonary perfusion (Nyilas Setal., 2022). Airway wall thickness was significantly
higher (Lynch DA et al., 2015). SEM revealed destruction of alveolar surfaces (Hikichi M et
al., 1980). TEM showed mitochondrial damage and apoptosis (Weibel ER et al., 1963).
Inflammatory cell infiltration was elevated (Barnes PJ et al., 2004). Fibrosis scores were
increased in smokers (Cosio MG et al., 2009). Strong correlation was observed between
smoking index and lung damage (Muthineni AK et al., 2021). Functional impairment
paralleled structural remodeling (Vogelmeier CF et al., 2017).

Table: 1. Morphofunctional Differences

Parameter Non- Smokers
smokers

FEV1 (%) 96 67

FVC (%) 98 71

CT Emphysema Score 2 9

Airway Thickness 1.1 2.9
(mm)

Perfusion Defect (%) 4 24

Ventilation Defect (%) 3 20

Inflammatory Cells (%) 5 32

Fibrosis Score 1 7

Alveolar Diameter 200 360
(um)

Mitochondrial Damage 2 9
Index
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Figure 1. Morphofunctional alterations in the lungs of tobacco smokers

Figure 1. Morphofunctional alterations in the lungs of tobacco smokers (A-D)

(A) CT Scan — Emphysema

Axial high-resolution computed tomography (HRCT) image of the lung showing
hyperlucent regions (arrowheads) indicative of decreased attenuation. There is airspace
enlargement and reduced parenchymal density, consistent with emphysematous destruction
of alveolar walls. Scale bar: 1 cm

(B) MRI — Perfusion Defects

Contrast-enhanced magnetic resonance imaging (MRI) demonstrating patchy areas of
decreased perfusion (arrows). These regions reflect ventilation—perfusion mismatch and
functional heterogeneity across pulmonary segments. Scale bar: 1 cm

(C) SEM — Surface Morphology

Scanningelectron micrograph showing irregularand disrupted alveolar walls (arrowheads)
with accumulated cellular debris and macrophage infiltration (arrows), indicating chronic
inflammatory changes. Scale bar: 10 um, Magnification: x2,000

(D) TEM — Ultrastructural Changes

Transmission electron micrograph illustrating mitochondrial degeneration (M), epithelial
cell apoptosis with nuclear condensation (N), and thickened basement membrane (BM) due
to prolonged injury. Scale bar: 500 nm Magnification: x15,000

Figure 1 (A-D) shows multimodal imaging and ultrastructural evidence of smoking-
induced lung damage. CT (A) highlights emphysematous changes, MRI (B) demonstrates
perfusion abnormalities, SEM (C) reveals surface-level structural disruption, and TEM (D)
confirms intracellularand basement membrane alterations. Arrows and arrowheads indicate
key pathological features.

Discussion
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Smoking leads to irreversible structural and functional lung damage (Kligerman S et al.,
2019). CT findings correlate with histological emphysema (Jou SS et al., 2019). MRI
demonstrates early perfusion abnormalities (Nyilas S et al., 2022). Inflammation plays a key
role in airway remodeling (Barnes PJ et al., 2004). Overlap of disease patterns complicates
diagnosis (Hansell DM etal., 2008). SEM and TEM confirm cellular-level injury (Hikichi M
etal., 1980). Previous studies report increased lung mass due to inflammation (Cosio MG et
al., 2009). Radiological findings strongly correlate with smoking intensity (Muthineni AK et
al., 2021). Early imaging helps detect disease before symptoms (Lynch DA et al., 2015).
Smoking cessation remains the most effective intervention (Vogelmeier CF et al., 2017).

Inference

Smoking causes progressive structural remodeling of the lungs. Functional impairmentis
directly linked to these changes. CT and MRI are effective diagnostic tools. Microscopy
confirms ultrastructural damage. Early intervention reduces disease progression.
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