
 

 

Pathology 2nd class /  

Wound healing 

Injury to cells and tissues results in loss of cells and tissues. It sets in 

inflammation and initiate replacement of lost tissue by living tissue. 

Healing 

Definition: Healing is a process of replacement of dead tissue by living 

tissue. It can be broadly divided into regeneration and repair. 

1. Regeneration:  

Definition: Regeneration is a process in which lost tissue is replaced by 

tissue of similar type. It results in the complete restoration of lost or 

damaged tissue by proliferation of residual uninjured cells and 

replacement from stem cells. 

2. Repair:  

Definition: Repair is defined as a process in which lost/damaged tissue 

is replaced by fibrous tissue or scar. 

According to proliferative capacity of the cells, the tissues of the 

body can be divided into three groups: 



 

 

1. Labile (continuously dividing) tissues: The cells of labile tissues 

proliferate throughout life, replacing the lost cells from stem cells. 

Examples: 

• Hematopoietic cells of the bone marrow  

• Surface epithelia of the skin, oral cavity, vagina, and cervix  

• Columnar epithelium of the GI tract and uterus. 

2. Stable (quiescent) tissues: Cells of stable tissue normally do not 

proliferate; but can proliferate in response to injury or loss of tissue. 

Examples: 

• Parenchymal cells of liver, kidneys, and pancreas 

• Mesenchymal cells: Fibroblasts, vascular endothelial cells, smooth 

muscle cells, chondrocytes, and osteocytes. 

3. Permanent (no dividing) tissues: Cells of these tissues cannot 

proliferate after birth. In these tissues, repair is by scar formation. 

Example: 

• Neurons: Damaged neurons are replaced by the proliferation of the 

glial cells 

• Skeletal muscle cells  

• Cardiac muscle cells. 



 

 

Stem cells 

Definition: Stem cells are characterized by their ability of self-

renewal and capacity to generate differentiated cell lineages. 

Sites of Stem Cells 

1. Bone marrow: It contains two types of stem cells 

• Hematopoietic stem cells (HSCs): 

– They can generate all of the blood cell lineages, and are used for the 

treatment of hematologic diseases. 

– They can be collected directly from the bone marrow, from umbilical 

cord blood, and from the peripheral blood. 

• Marrow stromal cells (MSCs): They can generate chondrocytes, 

osteoblasts, adipocytes, myoblasts, and endothelial cell precursors 

depending on the tissue to which they migrate. 

2. Intestinal epithelium: Stem cells may be located immediately above 

Paneth cells in the small intestine or at the base of the crypt in the 

colon. 

3. Liver: The liver contains stem cell in the canals of Hering, which are 

capable of differentiating into hepatocytes and biliary cells. 



 

 

4. Cornea: Located in the limbus region between the conjunctiva and 

the cornea. 

5. Skin: located in the bulge area of the hair follicle, in the sebaceous 

glands, and in the lower layer of the epidermis. 

Healing by repair  

Scar formation and fibrosis 

Healing may be either by regeneration or repair or combination of 

both. With mild and transient injury, there is regeneration. If the 

tissue injury or damage persists, inflammation becomes chronic, 

resulting in excessive deposition of connective tissue known as fibrosis 

(repair). 

Factors that influence wound healing 

Local Factors 

1. Infection: It is the single most important cause for delay in healing. 

Infection causes persistent tissue injury and inflammation. 

2. Mechanical factors: Movement of wounded area may compress the 

blood vessels and separate the edges of the wound and can result in 

delayed healing. 



 

 

3. Foreign bodies: Unnecessary sutures or foreign bodies (fragments 

of steel, glass), or even bone can delay healing. 

4. Size and type of wound: Small surgical incisional or other injuries 

heal quickly with less scar formation than large excisional wounds or 

wounds caused by blunt trauma. 

5. Location of injury: Wound over the skin covering bone with little 

intervening tissue prevents wound contraction (e.g. skin over the 

anterior tibia). The edges of skin lesions (e.g. burns) in such locations 

cannot be apposed. 

6. Blood supply: 

• Wounds in areas with good blood supply, such as the face, heal faster 

than those with poor blood supply, such as the foot. 

• Varicose veins of the legs decrease the venous drainage and can cause 

non healing ulceration. 

• Bed sores (decubitus ulcers) result due to prolonged, localized, 

pressure, which diminishes both arterial and venous blood flow. 

7. Ionizing radiation decreases repair process. 

8. Complications may delay wound healing. 

 



 

 

Systemic Factors 

1. Nutritional deficiencies: Delays wound healing and these include 

• Protein deficiency (e.g. malnutrition). 

• Vitamin C deficiency: Inhibits collagen synthesis and retard healing. 

• Trace elements: Copper and zinc deficiency. 

2. Age: Wound healing is rapid in young compared to in aged individuals. 

3. Metabolic status: Diabetes mellitus is associated with delayed 

healing due to microangiopath 

4. Circulatory status: Inadequate blood supply (due to arteriosclerosis) 

or venous abnormalities (e.g. varicose veins) that retard venous 

drainage, delay healing. 

5. Hormones: Glucocorticoids have anti-inflammatory effects and also 

inhibit collagen  

6. Hematological abnormalities: Quantitative or qualitative defects in 

neutrophils and synthesis thereby impair wound healing. bleeding 

disorders may slow the healing process. 

 

 



 

 

Complications of wound healing 

Inadequate Granulation Tissue Formation 

Inadequate formation of granulation tissue or a deficient scar 

formation can cause wound dehiscence and ulceration. 

1. Dehiscence (the wound splitting open) or rupture of a wound is most 

common lifethreatening complication after abdominal surgery. It is due 

to increased abdominal pressure/mechanical stress on the abdominal 

wound from vomiting, coughing, or ileus. 

2. Ulceration:  

• Wounds can ulcerate due to inadequate angiogenesis during healing. 

For example, wounds in the leg of patients with atherosclerotic 

peripheral vascular disease or varicose veins usually ulcerate. 

• No healing wounds also develop in regions devoid of sensation. These 

neuropathic or trophic ulcers may be seen in diabetic peripheral 

neuropathy, nerve damage from leprosy. 

3. Incisional hernia resulting from weak scars of the abdominal wall 

due to a defect caused by prior surgery. They are due to insufficient 

deposition of extracellular matrix or inadequate cross-linking in the 

collagen matrix. 



 

 

Excessive Scar Formation 

Excessive formation of the components of the repair process can 

result in: 

1. Hypertrophic scar: The accumulation of excessive amounts of 

extracellular matrix, mostly collagen may give rise to a raised scar at 

the site of wound known as a hypertrophic scar. They usually develop 

after thermal or traumatic injury, which involves the deep layers of the 

dermis. 

2. Keloid: If the scar tissue grows/progress beyond the boundaries of 

the original wound and does not regress, it is called a keloid. Thus, 

keloid is an exuberant scar that recurs with still larger keloid after 

surgical excision. 

3. Exuberant granulation:  

a. Pyogenic granuloma or granuloma pyogenicum : 

i. This consists of the localized formation of excessive amounts of 

granulation tissue. 

ii. Such exuberant granulation tissue projects above the level of the 

surrounding skin and prevents re-epithelialization. This mass formed is 

often named as proud flesh. 



 

 

b. Desmoids or aggressive fibromatoses:  

i. Incisional scars or traumatic injuries may be followed by excessive 

proliferation of fibroblasts and other connective tissue elements. 

ii. They are known as desmoids, or aggressive fibromatoses, which may 

recur after excision. 

• A decrease in the size of a wound due to myofibroblasts is known as 

contraction.  

• An exaggeration of this contraction is termed contracture and 

results in deformities of the wound and the surrounding tissues. 

• Consequences of contractures: 

– Compromise movements: for example, contractures that follow severe 

burns can compromise the movement  of the involved region and joint 

movements. 

– Obstruction: for example, in GI tract contracture (stricture) can 

cause intestinal obstruction. 

Others 

1. Infection of wound by microbes. 

2. Epidermal cysts can develop due to persistence of epithelial cells at 

the site of wound healing. 



 

 

3. Pigmentation may develop due to either colored particle left in the 

wound or due to hemosiderin pigment. 

4. Neoplasia: For example squamous cell carcinoma may develop in 

Marjolin’s ulcer, which is the scar that follows burns in skin.    

 

 

 

CUTANEOUS WOUND HEALING 

Healing by Primary Union or by First Intention 

Definition: Healing of a clean, uninfected surgical incision in the skin 

joined with surgical sutures is known as healing by primary union or by 

first intention. Surgical incision causes death of a minimum number of 

epithelial and connective tissue cells. The disruption of epithelial 

basement membrane continuity is also minimal. Re epithelialization 

occurs by regeneration and there is a relatively thin scar. This is 

simplest type of cutaneous wound healing. 

Healing by Secondary Union or by Second Intention 

Definition: When injury produces large defects on the skin surface 

with extensive loss of cells and tissue, the healing process is more 



 

 

complicated. Healing in such cutaneous wound is referred to as healing 

by secondary union or by second intention. 

 


