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Wound and wound healing 

Wound: It is a separation or discontinuity of the skin, mucous membrane or tissue caused by 

physical, chemical or biological insult. 

Wound healing: is a mechanism whereby the body attempts to restore the integrity of the 

injured part. 

There are essentially two processes by which wound healing occurs: 

1-Scar formation: replacement of tissue defects with new. Substitute tissues (as healing of skin, tendon).         

2-Tissue regeneration: re-creation of the original tissue in situ  ( as healing of bone, nerve ). 

 

Scar formation refers to the patching of a defect with a different or modified tissue (i.e., scar). Tissue 

regeneration refers to the complete re-creation of the original tissue architecture. Obviously, most 

processes involve both, but usually one predominates. For cutaneous wounds, scar formation usually 

predominates (except in the unique situation of fetal wound healing}. 

Phases of wound healing: The normal response to a break in cutaneous integrity 

occurs in three overlapping but biologically distinct phases. 

 



1-Inflammatory Phase (Days 1 to 6) 

 Vasoconstriction of vessels for first 10 minutes after injury. 
 Coagulation: *Platelets arrive and degranulate, releasing thromboxane A2 

that causes transient vasoconstriction to facilitate hemostasis with thrombus formation. 

PDGF and TGFB are also released. The end result of the coagulation cascade is the 

conversion of fibrinogen to fibrin and subsequent polymerization into a mesh. This provisional 

matrix provides the scaffolding for cell recruitment and attachment required during the 

subsequent phases of wound healing.  
 Vasodilation and increased permeability: Mediated by histamine, serotonin 

(from platelets), and nitrous oxide (from endothelial cells). 
 Chemotaxis: inflammatory cells are attracted by numerous biophysical cues including 

platelet products (from alpha granules), coagulation cascade, complement activation 

(C5a), tissue products, and bacterial products.  
 Cell migration: 

 Margination: Increased adhesion to vessel walls 
 Diapedesis: Movement through vessel wall 
 Fibrin: Creates initial matrix for cell migration. 
 Cellular response  

 Neutrophils (24-48 hours): Produce inflammatory products and phagocytosis, not 

critical to wound healing 
 Macrophages (48-96 hours): By 3 days post-wounding, they are the predominant cell 

type in the healing wound. Most critical to wound healing; orchestrate growth factors 
 Lymphocytes (5-7 days): Role poorly defined, possible regulation of collagenase and 

extracellular matrix (ECM) remodeling. 

2-Proliferative Phase (Day 4 to Week 3): 

a. *Fibroblasts are the predominant cell population at 3 to 5 days and transform into 

myofibroblasts to promote wound contraction under the influence of platelet-derived 

growth factor (PDGF) and TGF-β1 released by macrophages. 

b. Granulation tissue begins to appear in human wounds by about day 4 post-injury. 

Granulation tissue is largely composed of  three cell types that play critical and 

independent roles in granulation  tissue formation: fibroblasts, macrophages, and 

endothelial cells.  

c.  High rate of collagen synthesis from days 5 to 21. 

d.  Tensile strength begins at days 4 to 5 



e.  Fibroblasts form ECM (extracellular matrix) by synthesizing proteoglycan and 

fibronectin (which is then replaced by collagen). 

f. Epithelialization: Keratinocytes migrate into the wound starting with the loss of 

contact inhibition. 

g. *Neovascularization occurs under the influence of vascular endothelial growth 

factor expression 

3-Maturation/Remodeling Phase (Week 3 to 1 year): 

a) Collagen replaces proteoglycan/fibronectin ECM 

b) Increased collagen organization and stronger cross-links 

c)  Equilibrium between collagen breakdown and synthesis by weeks 3 to 5. 

d) Type I collagen replacement of type III collagen, restoring normal 4:1 ratio 

e)  Matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) 

remodel the collagen matrix. 

f) The wound achieves 3% of its original strength at 1 week, 30% original strength at 3 

weeks, 50% original strength at 6 week  and 80% original strength(Peak tensile 

strength) at 2 months and beyond.  

NOTE: Approximately  50% of the final strength of the wound is achieved in 42 days. It is for this reason that 

elective surgery patients are told to refrain from strenuous activity or heavy lifting for at least 6 weeks 

Epithelialization: 
Mobilization: Loss of contact inhibition—cells at edge of wound or in appendages (in partial thickness wounds) 

flatten and break contact (integrins) with neighboring cells. 

Migration: Cells move across wound until meeting cells from other side, then contact inhibition is reestablished. 
Mitosis: As cells at edge are migrating, basal cells further back from the wound edge proliferate to support cell 

numbers needed to bridge wound. 

Differentiation: Reestablishment of epithelial layers are from basal layer to stratum corneum after migration ceases. 

Contraction: 
Myofiroblast: Specialized fibroblast with contractile cytoplasmic microfilaments . Appear day 3; maximal at days 

10-21; disappear as contraction is completed. 

Less contraction when more dermis is present in wound 

 



 

 

 



Factors influencing healing of a wound 

A-Local factor: 
■ Site of the wound 

■ Structures involved 

■ Mechanism of wounding 

       Incision 

       Crush 

      avulsion 

■ Contamination (foreign bodies/bacteria) and infection 

■ Loss of tissue 

■ Other local factors 

 Edema 

 Vascular insufficiency (arterial or venous) 

 Previous radiation 

 Pressure 
 Dry environment inhibits epithelialization and healing. 

 Tension 

 

B-Systemic factors: 
1-Malnutrition or vitamin and  mineral deficiencies 

Current guidelines indicate that malnutrition is likely present if serum albumin is <3.5 mg/dL, 

total lymphocytes (TLC) are <1800/mm3, or body weight has decreased >15%. Increased 

dietary protein has been associated with improved wound healing. 

 Vitamin A: essential for epithelial tissue maintenance.  It reverses delayed wound healing 

from steroids 

 Vitamin C: Vital for hydroxylation reactions in collagen synthesis 

*Lack of vitamin C leads to “scurvy”: Low collagen tensile strength. 

 Folate and vitamin B6 (pyridoxine): DNA synthesis and cellular proliferation 

 Zinc: Cofactor for many enzymes. 

•Deficiency causes impaired epithelial and fibroblast proliferation 

2-Morbidities: 

 Diabetes 

 Atherosclerotic disease 

 Renal failure 

 Immunodeficiency (acquired immunodeficiency syndrome (AIDS) 



 Marked obesity 

 Massive or metastatic cancer 

NOTE: Anemia by itself does not impair wound healing 

 3-Medications  

 Glucocorticoids 

a) Inhibit the inflammatory phase and inhibit collagen synthesis of fibroblasts, 

leading to decreased wound strength. 

b) *Can reverse effect with oral vitamin A to augment epithelialization and 

fibroblast proliferation 

 Chemotherapy: 

4-Smoking: Cigarette smoke contains more than 4000 constituents 

     •Nicotine: Constricts blood vessels, increases platelet adhesiveness 

     •Carbon monoxide: Binds to hemoglobin and reduces oxygen delivery 

     •Hydrogen cyanide: Inhibits oxygen transport 

6-Advanced age (shortened inflammatory phase causing decreased strength of healing) 

7-Genetic: 

 Ehlers-Danlos syndrome 

 Werner syndrome 

                          Classification of wound closure and healing: 

■ Primary intention 

 Wound edges opposed using suture within hours of their creation. 

 Normal healing 

 Minimal scar 

■ Secondary intention 

 An open full-thickness wound is allowed to close by both wound contraction and 

epithelialization, so wound left open  

 Increased inflammation and proliferation 

 Poor scar 

■ Tertiary intention (also called delayed primary intention) 

 Wound initially left open to allow normal host defenses to debride the area of contamination to 

prevent infection. 

 Following a delay of several days edges later opposed when healing conditions favourable. 

 



■  Healing of Partial-Thickness Wounds 

 In this type of wound, only the epithelium and the superficial portion of the dermis is 

injured. Epithelial cells that remain within the dermal appendages, hair follicles, and 

sebaceous glands proliferate to close the wound by process called epithelialization 

 

ABNORMAL RESPONSE TO INJURY AND ABNORMAL WOUND HEALING: 

1-Inadequate Regeneration: The classic example of this is found in central nervous system injuries 

that occur following traumatic injury or following tumor ablation.  Other examples are bone non unions 

and corneal ulcers. 

2-Inadequate Scar Formation: Examples of  condition include diabetic foot ulcers, pressure sore, and 

venous stasis ulcers. 

3-Excessive Regeneration:  example :peripheral nerve neuroma 

4-Excessive Scar Formation: hypertrophic scarring and keloid formation. 

 

 


