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Wound healingWound healing
�� Wound healing is the process of repair that follows Wound healing is the process of repair that follows 
injury to the skin and other soft tissues.injury to the skin and other soft tissues.

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

�� Under the most ideal circumstances, healing is a Under the most ideal circumstances, healing is a 
systematic process, traditionally explained in terms of systematic process, traditionally explained in terms of 
3 classic phases: 3 classic phases: inflammation, proliferation, and inflammation, proliferation, and 
maturation. maturation. 

Wound healingWound healing
�� TThe inflammatory phasehe inflammatory phase: a: a clot forms and clot forms and 
cells of inflammation cells of inflammation debridedebride injured tissue. injured tissue. 

�� TThe he proliferativeproliferative phasephase:: eepithelializationpithelialization, , 
fibroplasiafibroplasia, and angiogenesis occur; , and angiogenesis occur; 
additionally, granulation tissue forms and the additionally, granulation tissue forms and the 
wound begins to contract. wound begins to contract. 

�� TThe maturation phasehe maturation phase:: Collagen forms tight Collagen forms tight 
crosscross--links to other collagen and with protein links to other collagen and with protein 
molecules, increasing the tensile strength of molecules, increasing the tensile strength of 
the scar. the scar. 

I. Inflammatory PhaseI. Inflammatory Phase

�� Immediate to 2Immediate to 2--5 days5 days
�� B B HemostasisHemostasis
�� Vasoconstriction Vasoconstriction 
�� Platelet aggregation Platelet aggregation 
�� ThromboplastinThromboplastin makes clot makes clot 
�� C InflammationC Inflammation
�� VasodilationVasodilation
�� PhagocytosisPhagocytosis



II. II. ProliferativeProliferative Phase Phase 

�� 2 days to 3 weeks2 days to 3 weeks
�� B) Granulation B) Granulation 
�� Fibroblasts lay bed of collagen Fibroblasts lay bed of collagen 
�� Fills defect and produces new capillaries Fills defect and produces new capillaries 
�� C) Contraction C) Contraction 
�� Wound edges pull together to reduce defect Wound edges pull together to reduce defect 
�� D) D) EpithelializationEpithelialization
�� Crosses moist surface Crosses moist surface 
�� Cell travel about 3 cm from point of origin in all Cell travel about 3 cm from point of origin in all 
directions directions 

III. III. RemodelingRemodeling ((maturationmaturation) ) Phase Phase 

�� 3 weeks to 2 years 3 weeks to 2 years 
�� B) New collagen forms which increases tensile B) New collagen forms which increases tensile 
strength to woundsstrength to wounds.. Scar tissue is only 80 Scar tissue is only 80 
percent as strong as original tissue percent as strong as original tissue 

Scar FormationScar Formation
�� TThe process of wound healing is essentially similar in he process of wound healing is essentially similar in 
all tissues and is relatively independent of the mode all tissues and is relatively independent of the mode 
of injury; however, slight variation in the relative of injury; however, slight variation in the relative 
contribution of the different elements to the overall contribution of the different elements to the overall 
result may occur. result may occur. 

�� The final product of the healing process is a The final product of the healing process is a scar.scar.
This relatively This relatively avascularavascular and and acellularacellular mass of mass of 
collagen serves to restore tissue continuity, strength collagen serves to restore tissue continuity, strength 
and function. and function. 

�� DelaysDelays in the healing process cause the prolonged in the healing process cause the prolonged 
presence of wounds, while presence of wounds, while 

�� abnormalitieabnormalities of the healing process may lead to s of the healing process may lead to 
abnormal scar formationabnormal scar formation. . 



Inflammatory PhaseInflammatory Phase
�� The body responds quickly to any disruption of the The body responds quickly to any disruption of the 
skin’s surface. skin’s surface. 

�� The early events of wound healing are characterized The early events of wound healing are characterized 
by a vascular and cellular response to injury. by a vascular and cellular response to injury. 

�� An incision made through a full thickness of skin An incision made through a full thickness of skin 
causes a disruption of the microvasculature and causes a disruption of the microvasculature and 
immediate immediate hemorrhagehemorrhage. . 

�� Within seconds of the injury, blood vessels constrict Within seconds of the injury, blood vessels constrict 
to control bleeding at the site. Platelets coalesce to control bleeding at the site. Platelets coalesce 
within minutes to stop the bleeding and begin clot within minutes to stop the bleeding and begin clot 
formation.formation.

IInflammatorynflammatory phasephase

Following incision of the skin, a 5Following incision of the skin, a 5-- to 10to 10--
minute period of minute period of vasoconstriction vasoconstriction ensues, ensues, 
mediated by epinephrine, mediated by epinephrine, norepinephrinenorepinephrine, , 
prostaglandins, serotonin, and prostaglandins, serotonin, and thromboxanethromboxane. . 
Vasoconstriction causes temporary blanching Vasoconstriction causes temporary blanching 
of the wound and functions to reduce of the wound and functions to reduce 
hemorrhagehemorrhage immediately following tissue immediately following tissue 
injury, aid in platelet aggregation, and keep injury, aid in platelet aggregation, and keep 
healing factors within the wound. healing factors within the wound. 

IInflammatorynflammatory phasephase

�� Endothelial cells Endothelial cells retractretract to expose the to expose the 
subendothelialsubendothelial collagen surfaces; collagen surfaces; platelets platelets 
attachattach to these surfaces. to these surfaces. 

�� Adherence Adherence to exposed collagen surfaces and to to exposed collagen surfaces and to 
other platelets occurs through other platelets occurs through adhesive adhesive 
glycoproteinsglycoproteins: fibrinogen, : fibrinogen, fibronectinfibronectin, , 
thrombospondinthrombospondin, and von , and von WillebrandWillebrand factor. factor. 



Inflammatory PhaseInflammatory Phase

�� PlateletsPlatelets also release factors that attract other also release factors that attract other 
important cells to the injury. important cells to the injury. NeutrophilsNeutrophils enter enter 
the wound to fight infection and to attract the wound to fight infection and to attract 
macrophages. macrophages. Macrophages Macrophages break down break down 
necrotic debris and activate the fibroblast necrotic debris and activate the fibroblast 
response. response. 

�� The inflammatory phase lasts about The inflammatory phase lasts about 24 hours24 hours
and leads to the proliferation phase of the and leads to the proliferation phase of the 
healing process.healing process.

IInflammatorynflammatory phasephase

�� The The aggregation of plateletsaggregation of platelets results in the results in the 
formation of the formation of the primary platelet plug.primary platelet plug.
Aggregation and attachment to exposed Aggregation and attachment to exposed 
collagen surfaces activates the platelets. collagen surfaces activates the platelets. 
Activation enables platelets to Activation enables platelets to degranulatedegranulate and and 
release release chemotacticchemotactic and growth factorsand growth factors, such , such 
as plateletas platelet--derived growth factor (PDGF), derived growth factor (PDGF), 
proteases, and proteases, and vasoactivevasoactive agentsagents ((egeg, , 
serotonin, histamine). serotonin, histamine). 

Stages in platelet plug formation

IInflammatorynflammatory phasephase

�� The The coagulation cascadecoagulation cascade occurs by 2 different occurs by 2 different 
pathways.pathways.

�� The intrinsic pathway begins with the activation of The intrinsic pathway begins with the activation of 
factor XII (Hageman factor), when blood is exposed factor XII (Hageman factor), when blood is exposed 
to to extravascularextravascular surfaces. surfaces. 

�� The extrinsic coagulation pathway occurs through the The extrinsic coagulation pathway occurs through the 
activation of tissue factor found in activation of tissue factor found in extravascularextravascular cells cells 
in the presence of factors VII and in the presence of factors VII and VIIaVIIa. . 



IInflammatorynflammatory phasephase

�� Both pathways proceed to the activation of Both pathways proceed to the activation of 
thrombin, which converts fibrinogen to fibrin. thrombin, which converts fibrinogen to fibrin. 

�� The fibrin product is essential to wound The fibrin product is essential to wound 
healing and is the primary component of the healing and is the primary component of the 
wound matrix into which inflammatory wound matrix into which inflammatory 
cells, platelets, and plasma proteins migrate. cells, platelets, and plasma proteins migrate. 
Removal of the fibrin matrix impedes Removal of the fibrin matrix impedes 
wound healing. wound healing. 

IInflammatorynflammatory phasephase

�� In addition to activation of fibrin, thrombin In addition to activation of fibrin, thrombin 
facilitates migration of inflammatory cells to facilitates migration of inflammatory cells to 
the site of injury by the site of injury by increasing vascular increasing vascular 
permeabilitypermeability. By this mechanism, factors and . By this mechanism, factors and 
cells necessary to healing flow from the cells necessary to healing flow from the 
intravascular space and into the intravascular space and into the extravascularextravascular
space. space. 

IInflammatorynflammatory phasephase
�� The result of platelet aggregation and the coagulation The result of platelet aggregation and the coagulation 
cascade is cascade is clot formationclot formation. . 

�� Clot formation is limited in duration and to the site of Clot formation is limited in duration and to the site of 
injury. injury. 

�� Clot formation dissipates as its stimuli dissipate. Clot formation dissipates as its stimuli dissipate. 
PlasminogenPlasminogen is converted to is converted to plasminplasmin, a potent , a potent 
enzyme aiding in cell enzyme aiding in cell lysislysis. . 

�� Clot formation is limited to the site of injury because Clot formation is limited to the site of injury because 
uninjured nearby endothelial cells produce uninjured nearby endothelial cells produce 
prostacyclinprostacyclin, an inhibitor of platelet aggregation. In , an inhibitor of platelet aggregation. In 
the uninjured nearby areas, the uninjured nearby areas, antithrombinantithrombin IIIIII binds binds 
thrombin, and protein C binds factors of the thrombin, and protein C binds factors of the 
coagulation cascade, namely, factors V and VIIcoagulation cascade, namely, factors V and VIIII. . 



Proliferation PhaseProliferation Phase

�� On the surface of the wound, On the surface of the wound, epidermal cellsepidermal cells
burst into mitotic activity within burst into mitotic activity within 24 to 72 24 to 72 
hourshours. These cells begin their migration across . These cells begin their migration across 
the surface of the wound.the surface of the wound.

�� FibroblastFibroblastss proliferate in the deeper parts of proliferate in the deeper parts of 
the wound. These fibroblasts begin to the wound. These fibroblasts begin to 
synthesize small amounts of collagen which synthesize small amounts of collagen which 
acts as a scaffold for migration and further acts as a scaffold for migration and further 
fibroblast proliferation. fibroblast proliferation. 

Proliferation PhaseProliferation Phase

�� Granulation tissueGranulation tissue, which consists of capillary , which consists of capillary 
loops supported in this developing collagen loops supported in this developing collagen 
matrix, also appears in the deeper layers of the matrix, also appears in the deeper layers of the 
wound. The proliferation phase lasts from wound. The proliferation phase lasts from 24 24 
to 72 hoursto 72 hours and leads to the fibroblastic phase and leads to the fibroblastic phase 
of wound healing.of wound healing.

ProliferationProliferation PhasePhase

�� Four to five daysFour to five days after the injury occurs, after the injury occurs, 
fibroblasts begin producing large amounts of fibroblasts begin producing large amounts of 
collagen and collagen and proteoglycansproteoglycans. . 

�� Collagen Collagen fibersfibers are laid down randomly and are laid down randomly and 
are crossare cross--linked into large, closely packed linked into large, closely packed 
bundles.bundles.



ProliferationProliferation PhasePhase
�� ProteoglycansProteoglycans appear to enhance the formation appear to enhance the formation 
of collagen of collagen fibersfibers, but their exact role is not , but their exact role is not 
completely understood. Within two to three completely understood. Within two to three 
weeks, the wound can resist normal stresses, weeks, the wound can resist normal stresses, 
but wound strength continues to build for but wound strength continues to build for 
several months. The fibroblastic phase lasts several months. The fibroblastic phase lasts 
from from 15 to 20 days15 to 20 days and then wound healing and then wound healing 
enters the maturation phase.enters the maturation phase.

Maturation PhaseMaturation Phase

�� During the maturation phase, During the maturation phase, fibroblasts leave fibroblasts leave 
the wound and collagen is the wound and collagen is remodeledremodeled into a into a 
more organized matrix.more organized matrix.

�� Tensile strength increasesTensile strength increases for up to one year for up to one year 
following the injury. While healed wounds following the injury. While healed wounds 
never regain the full strength of uninjured skin, never regain the full strength of uninjured skin, 
they can regain up to 70 to 80% of its original they can regain up to 70 to 80% of its original 
strength.   strength.   












