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ABSTRACT 

General pathology is the study of the fundamental mechanisms by which cells 

and tissues respond to injury, and it underlies the understanding of all disease. 

This paper reviews the foundations of general pathology, focusing on cell injury 

and death, the inflammatory response, and the broad categories of disease 

process. A review-based approach is adopted, drawing on the standard texts of 

pathology. The analysis sets out the causes and sequence of cell injury, 

distinguishing reversible injury and cellular adaptation from irreversible injury 

culminating in cell death, and it contrasts the two principal forms of cell death, 

necrosis and apoptosis. It then describes the inflammatory response, the body's 

reaction to injury and infection, outlining the vascular and cellular events of 

acute inflammation and its cardinal signs, and distinguishing acute from 

chronic inflammation. Finally, it situates these processes within the broad 

categories of disease, inflammatory and infective, degenerative, neoplastic, 

immunological, circulatory, and genetic or developmental, that structure the 

study of pathology. The study finds that cell injury and inflammation are the 

unifying processes underlying the great majority of disease, that their outcomes 

depend on the nature and severity of the injurious stimulus and the capacity of 

the tissue to adapt and repair, and that an understanding of these foundations 

is essential to the interpretation of specific diseases. It concludes that general 

pathology provides the conceptual framework, linking cause, mechanism, 

structural change, and clinical consequence, on which the study of medicine 

rests. Certain quantitative figures are illustrative. 
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INTRODUCTION 

Pathology is the scientific study of disease, concerned with its causes, the mechanisms by 

which it develops, the structural and functional changes it produces in cells and tissues, and the 

clinical consequences that follow. It is conventionally divided into general pathology, which 

examines the basic reactions of cells and tissues to injury that are common to many diseases, 

and systemic pathology, which applies these principles to the diseases of individual organs and 

systems [1], [2]. This paper concerns the foundations of general pathology, which provide the 

conceptual basis for the whole of the subject. 

 

The study of any disease may be approached through four linked questions: its etiology, or 

cause; its pathogenesis, or the mechanism by which the cause produces disease; the 

morphological changes, or structural alterations in cells and tissues; and the functional and 

clinical consequences that these changes produce. At the centre of this framework lie two 

fundamental processes: cell injury, the response of cells to harmful stimuli, and inflammation, 

the response of vascularised tissue to injury and infection. Because these processes underlie 

the great majority of diseases, an understanding of them is the foundation of pathology [1], [3]. 

 

The central purpose of this paper is to review these foundations in an integrated way: the 

causes, sequence, and outcomes of cell injury, including the distinction between reversible and 

irreversible injury and between necrosis and apoptosis; the nature of the inflammatory 

response, acute and chronic; and the broad categories of disease process within which these 

mechanisms operate. This is important because the interpretation of specific diseases depends 

on a secure grasp of these general principles, which recur throughout medicine. The paper 

draws on the standard texts of pathology, presents the foundations systematically, and notes 

that certain quantitative figures are illustrative [1], [2], [4]. 

 

LITERATURE REVIEW 

The response of cells to injury is a central theme of the pathology literature [1], [2]. Cells may 

be injured by a range of causes, including hypoxia and ischaemia, the most common; physical 

agents such as trauma, heat, and radiation; chemical agents and drugs; infectious agents; 

immunological reactions; genetic derangements; and nutritional imbalances. The cellular 

response depends on the type, severity, and duration of the injury and on the nature of the 

affected cell. Mild or transient injury may produce reversible changes, characterised 
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morphologically by cellular swelling and fatty change, from which the cell can recover if the 

stimulus is removed. More severe or persistent injury produces irreversible changes and 

culminates in cell death [1], [3]. 

 

Cell death occurs by two principal mechanisms that the literature distinguishes carefully [1], 

[3]. Necrosis is the death of cells following severe injury, in which cellular contents leak 

through damaged membranes and typically excite inflammation; its morphological patterns 

include coagulative, liquefactive, caseous, fat, and fibrinoid necrosis, and, in certain settings, 

gangrenous change. Apoptosis, by contrast, is a regulated, programmed form of cell death that 

removes unwanted or damaged cells in an orderly manner, with little accompanying 

inflammation, and it has important roles in both physiology and disease. Before injury becomes 

lethal, cells and tissues may also adapt to persistent stress through hypertrophy, an increase in 

cell size; hyperplasia, an increase in cell number; atrophy, a decrease in size or number; and 

metaplasia, a change from one differentiated cell type to another; these adaptations are 

reversible responses that maintain viability under altered demands [1], [2]. 

 

Inflammation, the response of vascularised tissue to injury and infection, is the other central 

theme [1], [4]. Acute inflammation is the immediate and early response, characterised by 

vascular changes, vasodilatation and increased vascular permeability, and by the cellular 

exudation of leukocytes, principally neutrophils, into the injured tissue; its classical external 

manifestations are the cardinal signs of redness, heat, swelling, pain, and loss of function. When 

the injurious agent persists, or under certain other conditions, inflammation becomes chronic, 

characterised by the infiltration of macrophages, lymphocytes, and plasma cells, by tissue 

destruction, and by attempts at healing through the formation of granulation tissue and fibrosis; 

a distinctive pattern, granulomatous inflammation, occurs in certain infections and immune 

reactions. Inflammation is closely linked to the processes of healing and repair, by regeneration 

of parenchymal cells or by replacement with fibrous scar. The literature situates cell injury, 

inflammation, and repair within the broad categories of disease, inflammatory and infective, 

degenerative, neoplastic, immunological, circulatory, and genetic or developmental, that 

organise the study of pathology and provide the framework for the present review [1], [2], [5].  

 

RESEARCH GAP 

The foundations of general pathology are treated comprehensively in the standard texts, but  
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their essential elements, the sequence and outcomes of cell injury, the nature of the 

inflammatory response, and the broad categories of disease, are often presented across many 

chapters, and a concise, integrated overview that draws them together as a connected 

framework is useful for orientation and teaching. There is therefore value in a consolidated 

review that sets out the core processes of cell injury and inflammation and situates them within 

the broad categories of disease process, clarifying the unifying principles that underlie the study 

of specific diseases. 

 

OBJECTIVES 

The specific objectives of this study are: 

 To set out the causes, sequence, and outcomes of cell injury. 

 To distinguish reversible injury and adaptation from irreversible injury and cell death. 

 To describe the inflammatory response and distinguish acute from chronic inflammation. 

 To situate these processes within the broad categories of disease. 

 To clarify the unifying principles that underlie the study of specific diseases. 

 

METHODOLOGY 

A review-based approach was adopted. The core concepts of cell injury, cell death, cellular 

adaptation, inflammation, and the categories of disease were consolidated from the standard 

texts of pathology [1]-[6], and the material was organised into a framework comprising the 

sequence and outcomes of cell injury, the cardinal features of inflammation, and the broad 

categories of disease process. Where figures present quantitative distributions of disease 

categories, these are illustrative and are intended to convey relative pattern rather than precise 

measurement. 

 

Cell Injury and Inflammation 

The sequence and outcomes of cell injury are represented in Figure 1, which shows an injurious 

stimulus leading either to cellular adaptation or to reversible injury, and, if severe or persistent, 

to irreversible injury and cell death by necrosis or apoptosis. The cardinal signs of acute 

inflammation, redness, heat, swelling, pain, and loss of function, are represented in Figure 2. 

These representations organise the core processes of general pathology as set out in the 

standard texts [1], [3], [4]. 
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Figure 1: Sequence and outcomes of cell injury 

 

\  

Figure 2: Cardinal signs of acute inflammation 

 

Categories of Disease Process 

The broad categories of disease process, inflammatory and infective, degenerative, neoplastic, 

immunological, circulatory, and genetic or developmental, are represented in Figure 3 on an 

illustrative basis, conveying that a small number of fundamental processes account for the 

range of disease. This categorisation provides the framework within which the mechanisms of 

cell injury and inflammation operate [2], [5]. 
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Figure 3: Broad categories of disease process  

 

RESULTS AND FINDINGS 

Cell Injury and Cell Death 

Table 1 summarises the distinction between reversible and irreversible cell injury and between 

the two principal forms of cell death, and Figure 1 depicts the sequence. The findings show 

that the outcome of cell injury depends on the nature, severity, and duration of the stimulus and 

on the affected cell: mild injury produces reversible changes or is met by adaptation, whereas 

severe or persistent injury produces irreversible damage and cell death. The two forms of cell 

death differ fundamentally: necrosis follows severe injury, involves loss of membrane integrity 

and leakage of cell contents, and excites inflammation, whereas apoptosis is a regulated, 

programmed process that removes cells in an orderly manner with little inflammation. The 

finding is that the distinction between reversible and irreversible injury, and between necrosis 

and apoptosis, is central to understanding both the morphology and the consequences of tissue 

damage [1], [3]. 

 

Table 1: Reversible versus irreversible cell injury, and necrosis versus apoptosis 

Feature Reversible / adaptation Irreversible / cell death 

Nature of injury Mild, transient stress Severe or persistent 

Morphology Swelling, fatty change; adaptation Necrosis or apoptosis 

Necrosis — 
Membrane loss; contents 

leak; inflammation 
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Feature Reversible / adaptation Irreversible / cell death 

Apoptosis — 
Regulated; orderly; little 

inflammation 

Reversibility Recovers if stimulus removed Cell death (irreversible) 

 

The Inflammatory Response 

Table 2 contrasts acute and chronic inflammation, and Figure 2 depicts the cardinal signs. The 

findings show that acute inflammation is the immediate response to injury, dominated by 

vascular changes and by the exudation of neutrophils, and manifested externally by the cardinal 

signs of redness, heat, swelling, pain, and loss of function; while chronic inflammation, arising 

when the injurious agent persists, is dominated by macrophages and lymphocytes, by tissue 

destruction, and by attempts at repair through fibrosis. The finding is that inflammation is a 

protective response essential to defence and healing but one that, when excessive or persistent, 

itself contributes to tissue damage and to the pathology of many chronic diseases [1], [4]. 

 

Table 2: Acute versus chronic inflammation 

Feature Acute inflammation Chronic inflammation 

Onset and duration Rapid; short (hours–days) 
Gradual; prolonged (weeks–

years) 

Predominant cells Neutrophils 
Macrophages, lymphocytes, 

plasma cells 

Vascular changes Marked; exudation Less prominent 

Tissue changes Exudate; largely reversible Destruction and fibrosis 

Outcome Resolution or progression Scarring; ongoing damage 

 

Categories of Disease Process 

Table 3 sets out the broad categories of disease process with examples, and Figure 3 depicts 

their illustrative distribution. The findings show that the range of disease can be organised into 

a small number of fundamental categories, inflammatory and infective, degenerative, 
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neoplastic, immunological, circulatory, and genetic or developmental, each corresponding to a 

characteristic type of mechanism, and that many diseases involve more than one. The finding 

is that this categorisation provides an organising framework for pathology, relating the 

mechanisms of cell injury and inflammation to the recognisable classes of disease encountered 

in clinical practice, and thereby linking general to systemic pathology [2], [5]. 

 

Table 3: Broad categories of disease process with examples 

Category Representative examples 

Inflammatory / infective Infections; abscess; pneumonia 

Degenerative Atrophy; degenerative organ disease 

Neoplastic Benign and malignant tumours 

Immunological Hypersensitivity; autoimmune disease 

Circulatory Ischaemia; infarction; thrombosis 

Genetic / developmental Inherited and congenital disorders 

 

DISCUSSION 

The principal finding of this review is that cell injury and inflammation are the unifying 

processes that underlie the great majority of disease, and that an understanding of them 

provides the foundation for the whole of pathology. Whatever the specific cause of a disease, 

its effects are mediated through the responses of cells to injury, reversible change, adaptation, 

or death, and through the inflammatory reaction of tissues; and the outcome depends on the 

nature and severity of the injury and on the capacity of the tissue to adapt and repair. These 

general mechanisms recur across the categories of disease and across the organ systems, giving 

pathology its coherence [1], [3]. 

 

This understanding has direct value for the study of medicine. It explains why the same 

fundamental processes, injury, inflammation, and repair, appear in diseases as diverse as 

infection, degeneration, and neoplasia, and why the morphological changes seen in tissues can 
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be interpreted in terms of these processes. It also clarifies the relationship between structure 

and function: the structural changes produced by cell injury and inflammation give rise to the 

functional disturbances and clinical features by which disease is recognised. The framework of 

etiology, pathogenesis, morphology, and clinical consequence, applied through the concepts of 

cell injury and inflammation, thus links the cause of a disease to its manifestations and provides 

the basis for diagnosis [2], [4]. 

 

The categorisation of disease processes complements this mechanistic understanding by 

providing an organising structure. Relating each category, inflammatory, degenerative, 

neoplastic, immunological, circulatory, and genetic, to its characteristic mechanism allows the 

vast range of specific diseases to be approached systematically, and it forms the bridge from 

general to systemic pathology. Presented together, the mechanisms of cell injury and 

inflammation and the categories of disease convey the logic of pathology more faithfully than 

either alone. The present review sets out these foundations as established in the standard texts; 

the detailed molecular mechanisms and the pathology of individual organs lie beyond its scope 

and are treated in the specialist literature. Certain figures are illustrative and convey pattern 

rather than precise data. 

 

LIMITATIONS 

This study is a foundational review rather than a detailed or original account, and it presents 

the core concepts of general pathology in summary form; it does not cover the molecular 

mechanisms of cell injury and inflammation in detail, nor the pathology of individual organs 

and systems, which are addressed in the specialist and systemic literature. The categorisation 

of disease processes is presented as an organising framework, and the illustrative distribution 

of categories shown in the figures is a schematic characterisation rather than measured data 

and should not be cited as such. The review is intended for orientation and teaching and draws 

on established texts; readers requiring comprehensive or current detail are referred to the 

standard works and to the primary literature. 

 

FUTURE SCOPE 

Further study building on these foundations can proceed in several directions: 

 Detailed study of the molecular mechanisms of cell injury, cell death, and inflammation. 
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 Application of the general principles to the systemic pathology of individual organs. 

 Correlation of morphological changes with clinical and laboratory findings in specific 

diseases. 

 Study of the mechanisms and regulation of healing, repair, and fibrosis. 

 Integration of general pathology with immunology, microbiology, and genetics. 

 Use of the foundational framework in the teaching and assessment of pathology. 

 

Pursuing these directions would build on the foundations of general pathology toward a fuller 

understanding of specific diseases. 

 

CONCLUSION 
This paper has reviewed the foundations of general pathology, focusing on cell injury, 

inflammation, and the broad categories of disease process. The analysis sets out the causes and 

sequence of cell injury, distinguishing reversible injury and cellular adaptation from 

irreversible injury and cell death, and contrasting necrosis, which follows severe injury and 

excites inflammation, with apoptosis, a regulated and orderly form of cell death. It describes 

the inflammatory response, distinguishing acute inflammation, with its vascular changes, 

neutrophil exudation, and cardinal signs, from chronic inflammation, with its mononuclear 

infiltrate, tissue destruction, and fibrosis. And it situates these processes within the broad 

categories of disease that structure the subject. The central conclusion is that cell injury and 

inflammation are the unifying processes underlying the great majority of disease, that their 

outcomes depend on the nature and severity of injury and the capacity of tissue to adapt and 

repair, and that an understanding of these foundations, linking cause, mechanism, structural 

change, and clinical consequence, is essential to the study of medicine and to the interpretation  

of specific diseases. Certain quantitative figures presented are illustrative. 
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