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Wound healing

• It is a natural restorative response to tissue 
injury.

• Healing is the interaction of a complex cascade
of cellular events that generates resurfacing, 
reconstitution, and restoration of tensile 
strength of injured skin.



Types of Wound Healing
• Primary Healing (first intention)
–Clean incised wound or surgical wound.
–Wound with opposed edges 
–More epithelial regeneration than fibrosis 
–Wound heals rapidly with complete closure 



• Secondary Healing (second 
intention)

– Occurs in a wound with extensive soft tissue loss.
–Wound with separated edges. 
– Heals slowly with fibrosis.
– It may leads into a wide scar, often hypertrophied 

and contracted. 



 



• Tertiary Healing
– It refers to wound that are closed to allow primary

intention healing but wound dehiscence occur and
wound heals by secondary intention.



• Healing is a systematic process, 
explained in terms of 4 overlapping 
classic phases:
–Hemostasis
– Inflammatory phase
–Proliferative phase 
–Maturation phase 





Hemostasis
• Hemostasis starts within very first movements of the injury, 

where platelets play a role by aggregating, as well as by 
releasing variety of factors, including  thromboxanes, 
prostaglandins, 12- lipoxygenase products, serotonin, 
adhesive glycoproteins and growth factors.

• These factors contribute to the initial fibrin plug that closes 
the wound.

• Chemokines released by platelet activation attract 
inflammatory cells to the area, leading to next phase in 
healing process  



Inflammatory phase 
• The cellular aspect of the inflammatory phase occurs 

within hours of injury, and it includes neutrophils, 
macrophages, and lymphocytes.

 
 Neutrophils: 
– These are predominant cell type for the first 48 hours after 

injury.
– They releases cytokine and growth factors that amplify the 

inflammatory response, resulting in influx of monocytes 
and lymphocytes, proliferation of monocytes precursors 
within the wound and their differentiation into mature 
macrophages  

– Neutrophils release proteolytic enzymes that degrade cell 
debris and infective bacteria .



Macrophages: 
• Macrophages are essential to wound healing and 

perhaps are the most important cells in the early 
phase of wound healing.

• Produces a range of cytokines in response to pro-
inflammatory signals including TGF-b and TGF-a, basic 
fibroblast growth factor, VEGF, PDGF.

• In addition to cytokines, wound macrophages also 
produce a range of extracellular matrix molecules 
which together with fibrinogen and fibrin from blood 
clot, matrix molecules from degranulating platelets, 
recruited fibroblasts and endothelial cells form 
granulation tissue or provisional matrix.  



Lymphocytes: 
• Lymphocytes migrates into wound healing 

during inflammatory phase, approximately 72 
hours following injury.

• T lymphocytes are attracted to the wound by 
cellular release of interleukin 1.

• Lymphocytes secrete lymphokines such as 
heparin-binding EGF and basic FGF.

• Lymphocytes also play a role in cellular 
immunity and antibody production.  





Proliferative phase 
• Formation of granulation tissue is central 

event during during proliferative phase. Its 
formation occurs 3-5 days following injury and
overlaps with the preceding inflammatory 
phase.
• Main event in this phase are 

• Re-epithelialization 
• Fibroplasia 
• Angiogenesis
• Contraction



Re-epithelialization 
• The process of re-epithelialization begins 

about 24h after wounding where 
keratinocytes migrate from wound edges 
across the provisional wound matrix to invade 
the wound bed, where they proliferate to 
form new epidermis.

• Migrating cells dissect the wound and 
separate the overlying eschar from underlying 
viable tissue.





Angiogenesis 
• Formation of new blood vessels within provisional

matrix is stimulated by day 2 of the inflammatory 
stage of wound healing.

• Immediately following injury, angiogenic factors 
including VEGF, PDGF, FGFs, TGF-b and 
complement 1q are secreted by platelets, 
fibroblasts, wound keratinocytes, and 
macrophages.

• Adequate revascularization of the wound is 
essential for healing.

 





Fibroplasia 
• Most wound fibroblast are derived from 

proliferation of fibroblast progenitor cells in the 
lower dermis and the septae of underlying fat.

• Fibroblast migrate and proliferate in response to 
fibronectin, PDGF, fibroblast growth factors, TGF 
and C5a.

• Produce collagen and other component of ECM.
• Early wound being characterize by elevated levels 

of type III collagen, whereas later in wound 
healing type I collagen predominant.



Contraction 
• Wound contraction, defined as the centripetal 

movement of wound edges that facilitates 
closure of a wound defect, essentially begins 
concurrent with collagen synthesis.

• Wound contraction depend on the 
myofibroblast located at the periphery of the 
wound, its connection to component of the 
ECM, and myofibroblast proliferation.

  





Maturation phase 
• As healing proceeds, the number of fibroblasts 

and endothelial and inflammatory cells decrease, 
and the predominantly collagenous matrix 
become organized into thicker, more heavily cross-
linked bundles. 

• This marks the establishment of the mature scar.
• Scar continue to remodel for a long time after 

wounding, and cannot be considered to be in a 
steady state condition until atleast 2 years post 
wounding.   





Abnormal wound healing
• Chronic wounds
– Sometimes, the wound healing does not proceed 

normally and chronic wound results include:
• Venous ulcer 
• Diabetic ulcers 
• Pressure sores

– Chronic wound environment may be deficient in the 
stimulating growth factors, growth factors receptors or
proteolytic enzymes required for growth factor 
activation, or may be overproducing any of these 
factors.



• Hypertrophic and keloid scarring:
    These are abnormal fibrous reactions to 

trauma, inflammation, surgery or burns in 
predisposed individuals, particularly in Afro-
caribbean skin, and most occur between the 
ages of 10 and 30 years. 



Difference between Keloid and 
Hypertrophic scars  





Novel therapies for wound healing

• Growth factors to augment wound healing
– PDGF-BB (becaplermin gel) is currently the only 

licensed recombinant growth factor for treating 
recalcitrant wounds.

• Stem cell therapy
– Several types of stems cells have been studied like:

• Bone marrow derived stem cells
• Adipose tissue-derived stem cells
• Endothelial progenitor cells
• Keratinocytes and fibroblast stem cells 



• Skin grafting and biomaterials
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