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Abstract. The lungs are the primary organs of the respiratory system and play an 

indispensable role in maintaining life through efficient gas exchange between the 

atmosphere and the bloodstream. Their highly specialized macroscopic and microscopic 

organization ensures optimal respiratory function and adaptation to varying physiological 

demands. This article presents a comprehensive morphological and functional analysis of 

the lungs, emphasizing the relationship between anatomical structures and respiratory 

physiology. Particular attention is given to the segmental organization of the bronchial tree, 

the architecture of pulmonary alveoli, the ultrastructure of the alveolar-capillary 

membrane, and the pulmonary vascular system. The structural characteristics of type I and 

type II pneumocytes, the surfactant system, and the age-related morphological changes 

affecting pulmonary function are also discussed. The study is based on a morphological-

functional approach through the analysis of contemporary anatomical, histological, and 

physiological literature. Understanding pulmonary morphology provides the scientific 

basis for interpreting respiratory physiology, diagnosing pulmonary disorders, and 

improving surgical and therapeutic strategies in modern clinical practice. 
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Introduction. The lungs are paired organs of the respiratory system responsible for 

maintaining gas exchange, thereby supplying oxygen to body tissues and eliminating 

carbon dioxide produced during cellular metabolism. Their structural organization reflects 

remarkable evolutionary adaptation for maximizing respiratory efficiency while 

minimizing energy expenditure. 

Anatomically, the lungs occupy the thoracic cavity and are enclosed within the pleural 

sacs. The right lung consists of three lobes—superior, middle, and inferior—whereas the 

left lung comprises only two lobes because the heart occupies a substantial portion of the 

left thoracic cavity. This anatomical asymmetry represents one of the most distinctive 

characteristics of pulmonary morphology. 

Modern advances in gross anatomy, histology, electron microscopy, and imaging 

technologies have substantially expanded our understanding of pulmonary 

microarchitecture. The intricate organization of pulmonary alveoli, the exceptional 
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thinness of the alveolar-capillary membrane, and the biochemical properties of pulmonary 

surfactant collectively explain the extraordinary efficiency of gas exchange. Likewise, the 

segmental arrangement of the bronchial tree has become increasingly important in thoracic 

surgery, pulmonary medicine, and radiological diagnostics. 

The relationship between lung morphology and pulmonary function remains one of 

the most significant topics in contemporary medical science. Structural alterations 

associated with aging or pathological conditions frequently result in impaired respiratory 

function, emphasizing the necessity of understanding normal pulmonary anatomy before 

evaluating disease processes. 

Aim of the Study 

The primary objective of this study is to analyze the macroscopic and microscopic 

morphology of the lungs and to explain the functional significance of these anatomical 

structures in maintaining effective pulmonary ventilation and gas exchange. 

Materials and Methods 

This study was conducted using a morphological and functional research approach. 

Contemporary anatomical, histological, physiological, and pathological literature served 

as the principal source of information. The macroscopic organization of the lungs was 

examined according to the principles of segmental anatomy, while microscopic 

investigations focused on alveolar architecture, cellular composition, and the ultrastructure 

of the alveolar-capillary membrane. 

Comparative analysis was employed to evaluate the relationship between pulmonary 

morphology and respiratory physiology. Special attention was devoted to the structural 

adaptations that optimize gas diffusion and maintain alveolar stability under varying 

physiological conditions. 

Results and Discussion 

Macroscopic Structure of the Lung 

The lungs possess a conical shape with an apex (apex pulmonis) extending above the 

clavicle into the root of the neck and a broad base (basis pulmonis) resting upon the 

diaphragm. Each lung exhibits three principal surfaces: 

Costal surface (facies costalis) 

Mediastinal surface (facies mediastinalis) 

Diaphragmatic surface (facies diaphragmatica) 

The mediastinal surface contains the pulmonary hilum, through which the principal 

bronchus, pulmonary arteries, pulmonary veins, lymphatic vessels, and autonomic nerves 

enter or leave the lung. 

The right lung is divided into superior, middle, and inferior lobes by the horizontal and 

oblique fissures. The left lung contains only superior and inferior lobes separated by a 

single oblique fissure. The cardiac notch of the left lung accommodates the heart. 
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Each pulmonary lobe is further subdivided into bronchopulmonary segments. These 

segments represent anatomically and functionally independent units supplied by their own 

segmental bronchus and accompanying pulmonary artery branch. Since the connective 

tissue boundaries between segments are relatively distinct, bronchopulmonary segments 

constitute the fundamental anatomical units utilized during pulmonary segmentectomy. 

The segmental organization significantly contributes to localized pulmonary 

ventilation while allowing surgeons to remove diseased segments without sacrificing 

healthy lung tissue. 

Bronchial Tree 

The trachea bifurcates at the level of the fifth thoracic vertebra into the right and left 

principal bronchi. 

The right principal bronchus is: 

Shorter 

Wider 

More vertical 

Consequently, aspirated foreign bodies are considerably more likely to enter the right 

lung. 

The left principal bronchus is: 

Longer 

Narrower 

More horizontally oriented 

After entering the pulmonary hilum, each principal bronchus divides into lobar bronchi 

corresponding to the pulmonary lobes. These subsequently branch into segmental bronchi, 

subsegmental bronchi, bronchioles, terminal bronchioles, respiratory bronchioles, alveolar 

ducts, alveolar sacs, and finally alveoli. 

This hierarchical branching system dramatically increases the total cross-sectional area 

of the conducting airways while simultaneously reducing airflow velocity near the alveoli, 

thereby promoting efficient gas exchange. 

Microscopic Structure 

The alveolus represents the functional respiratory unit of the lung. 

An adult human lung contains approximately 300–400 million alveoli, producing a 

total respiratory surface area ranging from 70 to 100 square meters, roughly equivalent to 

half the area of a tennis court. 

Each alveolus is surrounded by an extensive network of pulmonary capillaries that 

minimizes diffusion distance between inhaled air and circulating blood. 

The alveolar wall consists primarily of: 

Type I pneumocytes 

Type II pneumocytes 
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Pulmonary capillary endothelial cells 

Shared basement membrane 

Elastic connective tissue fibers 

Type I Pneumocytes 

Type I pneumocytes are extremely thin squamous epithelial cells covering 

approximately 95% of the alveolar surface. 

Their primary function is facilitating rapid diffusion of oxygen and carbon dioxide 

between alveolar air and pulmonary capillary blood. Their remarkably thin cytoplasm 

minimizes diffusion distance and maximizes respiratory efficiency. 

Type II Pneumocytes 

Type II pneumocytes occupy a considerably smaller surface area but perform several 

essential physiological functions. 

These cuboidal epithelial cells synthesize, secrete, and recycle pulmonary surfactant 

while also serving as progenitor cells capable of replacing damaged type I pneumocytes 

following pulmonary injury. 

The Alveolar-Capillary Membrane 

Efficient pulmonary gas exchange depends largely upon the unique ultrastructure of 

the alveolar-capillary membrane. 

The membrane consists of: 

Alveolar epithelium 

Shared basement membrane 

Capillary endothelium 

Its average thickness measures approximately 0.5 μm, creating ideal conditions for 

passive diffusion according to Fick's law. 

Oxygen diffuses from alveolar air into pulmonary capillary blood, whereas carbon 

dioxide moves in the opposite direction. 

Even slight thickening of this membrane—as observed in pulmonary fibrosis or 

interstitial lung diseases—significantly reduces diffusion efficiency and impairs 

oxygenation. 

Pulmonary Capillary Network 

The pulmonary capillary network forms one of the densest vascular systems within the 

human body. 

Capillaries closely envelop nearly every alveolus, ensuring maximal contact between 

blood and respiratory air. 

The enormous capillary surface area enables complete oxygenation of venous blood 

during its brief transit through the pulmonary circulation. 

This highly specialized vascular organization illustrates the intimate relationship 

between pulmonary morphology and physiological function. 
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Pulmonary Surfactant System 

Pulmonary surfactant is a complex mixture of phospholipids, proteins, and 

lipoproteins synthesized primarily by type II pneumocytes. 

Its principal physiological functions include: 

Reducing alveolar surface tension 

Preventing alveolar collapse during expiration 

Increasing pulmonary compliance 

Decreasing the work of breathing 

Maintaining alveolar stability 

Preventing pulmonary edema 

Without adequate surfactant, alveoli collapse at the end of expiration, resulting in 

severe impairment of ventilation. 

Surfactant deficiency is the principal cause of Neonatal Respiratory Distress 

Syndrome (NRDS) observed in premature infants whose type II pneumocytes have not 

yet reached functional maturity. 

Functional Significance of Pulmonary Elastic Tissue 

The pulmonary interstitium contains abundant elastic fibers that permit repeated 

expansion and recoil during the respiratory cycle. 

Elastic tissue contributes to: 

Passive expiration 

Uniform ventilation 

Maintenance of alveolar architecture 

Prevention of airway collapse 

Loss of elastic fibers, as observed in pulmonary emphysema, reduces expiratory 

airflow and leads to progressive respiratory insufficiency. 

Age-Related Morphological Changes 

Numerous structural modifications occur within the lungs during physiological aging. 

These changes include: 

Decreased elasticity of alveolar walls 

Enlargement of alveolar spaces 

Thickening of interstitial connective tissue 

Reduced pulmonary capillary density 

Decreased respiratory muscle strength 

Reduced pulmonary compliance 

As a consequence, diffusion capacity gradually declines, making elderly individuals 

more susceptible to chronic respiratory diseases, hypoxemia, and decreased exercise 

tolerance. 
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Although these alterations are considered part of normal aging, environmental factors 

such as cigarette smoking, air pollution, and occupational dust exposure considerably 

accelerate pulmonary degeneration. 

Clinical Significance 

Understanding pulmonary morphology has direct clinical implications. 

Segmental anatomy serves as the anatomical basis for thoracic surgical procedures, 

including segmentectomy and lobectomy. 

Knowledge of bronchial anatomy facilitates bronchoscopy and interpretation of 

computed tomography images. 

Histological understanding of pneumocytes and surfactant physiology is fundamental 

for diagnosing: 

Neonatal respiratory distress syndrome 

Pulmonary fibrosis 

Acute respiratory distress syndrome 

Chronic obstructive pulmonary disease 

Interstitial lung diseases 

Emphysema 

Modern imaging techniques combined with detailed morphological knowledge enable 

early diagnosis and individualized treatment planning for respiratory disorders. 

Conclusion 

The lungs exhibit one of the most sophisticated structural organizations found within 

the human body. Their macroscopic architecture, including lobes, bronchopulmonary 

segments, and the branching bronchial tree, provides efficient ventilation and serves as the 

anatomical basis for modern thoracic surgery. At the microscopic level, the alveolar-

capillary membrane, type I and type II pneumocytes, and the pulmonary surfactant system 

collectively ensure highly efficient gas exchange while preserving alveolar stability. 

The exceptional thinness of the alveolar-capillary barrier and the enormous respiratory 

surface area enable rapid diffusion of oxygen and carbon dioxide, thereby supporting 

normal cellular metabolism. Age-related structural modifications and pathological 

alterations can significantly compromise pulmonary function, highlighting the importance 

of understanding normal lung morphology for both clinical diagnosis and therapeutic 

intervention. 

Comprehensive knowledge of pulmonary macro- and microanatomy remains 

fundamental for respiratory physiology, pathology, radiology, pulmonary medicine, and 

thoracic surgery. Continued investigation of lung morphology will further contribute to 

improved prevention, diagnosis, and treatment of respiratory diseases. 
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