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ObjectivesObjectives

1)List and describe the normal phases of  1)List and describe the normal phases of  

wound healing with clinical correlationwound healing with clinical correlation

2)Identify and understand the impact of  2)Identify and understand the impact of  

inherent cellular and biochemical factors   inherent cellular and biochemical factors   

involved in normal wound healinginvolved in normal wound healing

3)Identify systemic conditions responsible for   3)Identify systemic conditions responsible for   

delay or failure to heal in chronic woundsdelay or failure to heal in chronic wounds
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The Science of Wound HealingThe Science of Wound Healing

Three distinct phases:Three distinct phases:
InflammationInflammation
ProliferationProliferation
MaturationMaturation

Schilling, J. Wound healing Schilling, J. Wound healing Surg.ClinSurg.Clin. North Am.. North Am. 56: 859, 197656: 859, 1976



3 (4?) Phases3 (4?) Phases
HemostasisHemostasis: Initiating step: Initiating step

Foundation for HealingFoundation for Healing

1.   Inflammation: 1.   Inflammation: VasodilitationVasodilitation
Inc Inc VascVasc PermPerm

2.   Proliferation: Substrate Phase2.   Proliferation: Substrate Phase
3.   3.   Maturation(RemodellingMaturation(Remodelling))

Witte, M. et al. General principles of wound healing Witte, M. et al. General principles of wound healing SurgSurg. . ClinClin. North Am.. North Am. 77: 509, 199777: 509, 1997



HemostasisHemostasis: Vasoconstriction: Vasoconstriction



HemostasisHemostasis: Day 0: Day 0
Blood vessel Blood vessel vasoconstrictsvasoconstricts

Coagulation cascade: Coagulation cascade: endothelendothel, platelets, platelets

Clot forms: collagenClot forms: collagen

plateletsplatelets

thrombinthrombin

fibronectinfibronectin

cytokinescytokines

GFGF

KurkinenKurkinen, M. et al. Sequential appearance of , M. et al. Sequential appearance of fibronectinfibronectin and collagen and collagen 
in experimental granulation tissue. in experimental granulation tissue. Lab. InvestLab. Invest. 43: 47, 1980. 43: 47, 1980



HemostasisHemostasis: Clot Forms: Clot Forms
Platelets activate Platelets activate coagcoag cascade.cascade.
Fibrin clot becomes scaffold for Fibrin clot becomes scaffold for 
invading cells, invading cells, egeg PMNsPMNs, , 
monosmonos, fibroblasts, , fibroblasts, endoendo cells.cells.

Concentrates cytokines and GFConcentrates cytokines and GF

Initiate inflammatory responseInitiate inflammatory response
KurkinenKurkinen, M. et al. Lab. Invest 43: 47, 1980, M. et al. Lab. Invest 43: 47, 1980



Stage 1:Stage 1: Inflammation: ~Day 0Inflammation: ~Day 0--66

ChemotaxisChemotaxis & Activation& Activation

1.1. NeutrophilNeutrophil responseresponse

2.2. InflamInflam mediators accumulatemediators accumulate

3.3. Prostaglandins are elaboratedProstaglandins are elaborated

4.4. Blood vessels Blood vessels vasodilatevasodilate

5.5. Platelets release ILPlatelets release IL--1, TNF1, TNF--a,     a,     

TGFTGF--B,  B,  PFPF--4. 4. PMNsPMNs elaborate     elaborate     

proteases and proteases and MMPsMMPs to form      to form      

radrad to kill to kill bactibacti and clear matrixand clear matrix

PohlmanPohlman, T., et al. An endothelial cell surface factor (s) induced in v, T., et al. An endothelial cell surface factor (s) induced in vitro by itro by 
lipopolysaccharidelipopolysaccharide, interleukin 1 and tumor necrosis factor, interleukin 1 and tumor necrosis factor--alpha increases alpha increases 
neutrophilneutrophil adherence by a CDw18adherence by a CDw18--dependent mechanism. J. dependent mechanism. J. ImmunolImmunol. 136. 136--4548, 19864548, 1986



PhagocytosisPhagocytosis: : NeutrophilsNeutrophils

PMNsPMNs respond to    respond to    
bacterial bacterial chemotaxinschemotaxins..

PMNsPMNs Engulf microbesEngulf microbes
phagocytosisphagocytosis results.results.

LysosomesLysosomes destroy &    destroy &    
neutrophilneutrophil will die.will die.

www.jdaross.cwc.net/nonspecific_cellular_defence.htmwww.jdaross.cwc.net/nonspecific_cellular_defence.htm



Phagocyte (Phagocyte (neutrophilneutrophil) functions) functions

PMNsPMNs squeeze through the capillary walls and kill the invaders (e.g.squeeze through the capillary walls and kill the invaders (e.g., bacteria) by , bacteria) by phagocytosisphagocytosis

MiyasakiMiyasaki, Ken , Ken www.dent.uclaedu/pic/memberswww.dent.uclaedu/pic/members



T lymphocyteT lymphocyte

Specialized white blood cellsSpecialized white blood cells

1.1. Identify invading organisms Identify invading organisms 

2.2. Destroy invading organismsDestroy invading organisms

3.3. Others regulate immune systemOthers regulate immune system

T lymphocyte T lymphocyte 

NIBSC/Science Source/Photo Researchers, INIBSC/Science Source/Photo Researchers, Inc.nc.



Inflammation: Inflammation: MonocytesMonocytes to Macsto Macs

4848--96 hours post injury96 hours post injury

Activated MacrophagesActivated Macrophages

transition  wound to transition  wound to 
proliferativeproliferative phasephase

SynthesizeSynthesize

VEGF, FGF, TNFVEGF, FGF, TNF--a, a, (angiogenesis)(angiogenesis)

and and 

TGF, EGF, PDGF TGF, EGF, PDGF (fibroplasia)(fibroplasia)



MacrophagesMacrophages

Macrophages: large phagocytesMacrophages: large phagocytes

Wander through the body   Wander through the body   

consuming foreign particles consuming foreign particles 

egeg: dust, yeast, bacteria. : dust, yeast, bacteria. 

even asbestos particles.even asbestos particles.

Mac Engulfing BacteriumMac Engulfing Bacterium
Dennis Kunkel/CNRI/Dennis Kunkel/CNRI/PhototakePhototake NYC NYC 



Macrophages and Macrophages and StaphStaph AureusAureus

Macrophages releaseMacrophages release

ChemoattractantsChemoattractants

(PDGF, TNF(PDGF, TNF--a, ILa, IL--6, G6, G--CSF, GMCSF, GM--CSF)CSF)

to recruit more to recruit more macsmacs and and 
fibroblasts. fibroblasts. 

iNOSiNOS is activatedis activated by inc by inc 
concconc of ILof IL--1 and TNF1 and TNF--aa, , 
resulting in NO being resulting in NO being 
synthesized. NO kills synthesized. NO kills 
pathogens, pathogens, egeg.  s. aureus..  s. aureus.



Macrophage and CandidaMacrophage and Candida

Mac uses internal cytoskeleton to envelop C. Mac uses internal cytoskeleton to envelop C. albicansalbicans cellscells
Kills yeast cells by Kills yeast cells by ““Oxidative BurstOxidative Burst””



Stage 2:Stage 2: Proliferation ~Day 7Proliferation ~Day 7--2121
Activated macrophagesActivated macrophages

--transitions to transitions to prolifprolif phasephase

Mediates Mediates angiogenesisangiogenesis by by 

synthesizing VEGF, FGF, TNFsynthesizing VEGF, FGF, TNF--a,a,

Mediates Mediates fibroplasiafibroplasia byby

synthsynth: TGF: TGF--B, B, EGF, PDGF, ILEGF, PDGF, IL--1, TNF1, TNF--a a 

PMNsPMNs enter wound:enter wound: clean upclean up

Fibroblasts:Fibroblasts: synsyn collcoll & & prolifprolif

EndothelialsEndothelials:: capillary budscapillary buds

Witte, M., et al Role of nitric oxide in wound Witte, M., et al Role of nitric oxide in wound 
repair. repair. Am J. Am J. SurgSurg.. 183: 406, 2002183: 406, 2002

www.amplab.de/3Dwww.amplab.de/3D--Images/ angiogenesisImages/ angiogenesis



Endothelial cells/angiogenesisEndothelial cells/angiogenesis

Endothelial cells are unique:Endothelial cells are unique:

form new capillaries: (angiogenesis).form new capillaries: (angiogenesis).

Angiogenesis is regulated Angiogenesis is regulated by coop. by coop. 
between endothelial & other cellsbetween endothelial & other cells

1) 1) monosmonos

2) macros2) macros

3) 3) fibrosfibros

4) 4) pericytespericytes

5) cytokines (VEGF,  5) cytokines (VEGF,  integrinsintegrins).).

Witte, M., et al Role of nitric oxide in wound repair. Witte, M., et al Role of nitric oxide in wound repair. 
Am J. Am J. SurgSurg.. 183: 406, 2002183: 406, 2002



Proliferation:  FibroblastsProliferation:  Fibroblasts

FibroblastsFibroblasts release release 

IFNIFN--yy, causing , causing monosmonos to to 
transform to transform to MACsMACs..

Fibroblasts synthesizeFibroblasts synthesize

proteoglycansproteoglycans& & fibronectinfibronectin

Provisional matrixProvisional matrix

(Collagen type III first, then I)(Collagen type III first, then I)



Fibroblasts and collagenFibroblasts and collagen

FibroblastsFibroblasts synthesize synthesize 
collagen and transform collagen and transform 
into into myofibroblastsmyofibroblasts
(wound cont) (wound cont) 

CollagenCollagen forms and forms and 
provides structure and provides structure and 
strength for a new outer strength for a new outer 
layer of skin.layer of skin.

FibroblastsFibroblasts proliferateproliferate



Stage 3:Stage 3: Maturation (Maturation (RemodellingRemodelling))

Alignment changes from Alignment changes from 
random to organizedrandom to organized

Matrix deposition Matrix deposition 
problems (disease, diet) problems (disease, diet) 
result: wound strength result: wound strength 

is compromised.is compromised.

Fi

dba.med.sc.edu/PPT/Connective/tissue/images 

Fibroblast in a network of collagen fibersFibroblast in a network of collagen fibers



Alignment changes from random to organizedAlignment changes from random to organized

http://http://www.netwellness.org/default.cfmwww.netwellness.org/default.cfm



Vascular Disease and Wound Healing:Vascular Disease and Wound Healing:

Blood: Essential for Wound HealingBlood: Essential for Wound Healing

Blood supply: Vessels, Cells, PlasmaBlood supply: Vessels, Cells, Plasma

Blood: only fluid tissue in the body. Blood: only fluid tissue in the body. 

Transportation:Transportation: del Odel O22 and nutrients                            and nutrients                            

return waste and COreturn waste and CO22

Distribution of:Distribution of: nearly everything nearly everything 

Protection with:Protection with: clot formationclot formation

prevention of infectionprevention of infection

A.D.A.M., Inc. is accredited by URAC, aka
Am Accreditation HealthCare Commission



Oxygen and wound healingOxygen and wound healing

Blood:Blood: Main body temp, pH, carries OMain body temp, pH, carries O22

OO22:: helps produce granulation tissue            helps produce granulation tissue            

ensures resistance against infection        ensures resistance against infection        

effects fibroblasts & collagen prodeffects fibroblasts & collagen prod

Wounds do not heal Wounds do not heal 

in tissue       in tissue       

that does not bleedthat does not bleed..

World J World J SurgSurg. 2004 Oct;28(10):1068. 2004 Oct;28(10):1068--9; 9; Dennis Dennis KunkleKunkle, , UnivUniv of Hawaiiof Hawaii

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=15573269&itool=pubmed_Abstract


Oxygen and wound healingOxygen and wound healing
Low oxygen Low oxygen 
concentration can concentration can 
arrest the process of arrest the process of 
wound healing. wound healing. 

LaVanLaVan, FB, Hunt, TK, Oxygen is a controlling factor in wound repair. , FB, Hunt, TK, Oxygen is a controlling factor in wound repair. ClinClin PlastPlast SurgSurg.. 1990 Jul;17(3):4631990 Jul;17(3):463--72 72 

http://osulibrary.oregonstate.edu/specialcollections/coll/pauling/blood/pictures/1964b4.1-Hb.html


Oxygen and wound healingOxygen and wound healing

Sickle cell anemia:Sickle cell anemia:

failure to deliver O2failure to deliver O2



Nutrition and Wound HealingNutrition and Wound Healing

Poor nutrition can arrest Poor nutrition can arrest 
the wound healing process the wound healing process 

Main component of the Main component of the 

nutrition is Onutrition is O22..

Deficiencies of:Deficiencies of:

1.1. Vitamin A Vitamin A 

2.2. Vitamin C Vitamin C 

3.3. Zinc Zinc 

Impair normal wound Impair normal wound 
healing mechanisms.healing mechanisms.

LaVanLaVan, FB, Hunt, TK, Oxygen is a controlling factor in wound repair. , FB, Hunt, TK, Oxygen is a controlling factor in wound repair. ClinClin PlastPlast SurgSurg.. 1990 1990 
Jul;17(3):463Jul;17(3):463--7272

MacKay D, Miller AL. Nutritional support for wound healing. MacKay D, Miller AL. Nutritional support for wound healing. AlternAltern Med RevMed Rev. 2003; 8(4):359. 2003; 8(4):359--
377.377.



Vitamin AVitamin A
Benefits wound healing by: Benefits wound healing by: 

1.1. Enhancing early Enhancing early inflaminflam. . 
phase phase 

2.2. Increasing  Increasing  macsmacs at wound at wound 
site. site. 

3.3. May improve stimulation May improve stimulation 
of the immune responseof the immune response

MacKay D, Miller AL. Nutritional support for wound healing. MacKay D, Miller AL. Nutritional support for wound healing. AlternAltern Med RevMed Rev. 2003; 8(4):359. 2003; 8(4):359--377.377.



Vitamin CVitamin C

Benefits wound healing by: Benefits wound healing by: 

1.1. Enhancing Enhancing neutrophilneutrophil prod.prod.

2.2. Increasing angiogenesisIncreasing angiogenesis

3.3. Acts as an antioxidantActs as an antioxidant

4.4. Helps in collagen prodHelps in collagen prod

MacKay D, Miller AL. Nutritional support for wound healing. MacKay D, Miller AL. Nutritional support for wound healing. AlternAltern Med RevMed Rev. 2003; 8(4):359. 2003; 8(4):359--377.377.



ZincZinc

Benefits wound healing by:Benefits wound healing by:

1.1. Assisting with cell division Assisting with cell division 
and protein synthesisand protein synthesis

2.2. Assisting bodyAssisting body’’s ability to s ability to 
synthesize protein and synthesize protein and collcoll

MacKay D, Miller AL. Nutritional support for wound healiMacKay D, Miller AL. Nutritional support for wound healing. ng. AlternAltern Med RevMed Rev. 2003; 8(4):359. 2003; 8(4):359--377.377.



••Protein: needed for tissue Protein: needed for tissue 
regeneration and repair.regeneration and repair.

••Protein mal: impairs normal Protein mal: impairs normal 
woundwound--healing mechanisms.healing mechanisms.

••Can delay wound healing by         Can delay wound healing by         
exacerbating  the inflammatory exacerbating  the inflammatory 
phase of the wound.phase of the wound.

Protein MalnutritionProtein Malnutrition

MacKay D, Miller AL. Nutritional support for wound MacKay D, Miller AL. Nutritional support for wound 

healing. healing. AlternAltern Med RevMed Rev. 2003; 8(4):359. 2003; 8(4):359--377.377.



Malnutrition and LymphocytesMalnutrition and Lymphocytes

Lymphocyte counts Lymphocyte counts 

are indicators of are indicators of 
malnourishment. malnourishment. 

A count of less thanA count of less than

800 indicates severe 800 indicates severe 
malnourishment.malnourishment.

MacKay D, et al Nutritional support for wound healing. MacKay D, et al Nutritional support for wound healing. AlternAltern Med RevMed Rev. 2003; 8(4):359. 2003; 8(4):359--377.377.



Case: Failure to healCase: Failure to heal------GangreneGangrene



Failure to healFailure to heal------Why??Why??

Diabetes: BS, Diabetes: BS, NeuroNeuro, , VascVasc

Diabetes: Diabetes: ImmunopathyImmunopathy

Tobacco Use: OTobacco Use: O22 DeliveryDelivery

HxHx of Cancerof Cancer

Over 70 years of ageOver 70 years of age

Nutrition: Generally poor  Nutrition: Generally poor  

EtohEtoh use                   use                   

No DM dietNo DM diet



PE: Vascular CompromisePE: Vascular Compromise



Non Invasive Vascular StudiesNon Invasive Vascular Studies
Doppler Doppler PVRPVR



DopplerDoppler



PVRPVR



AngiogramsAngiograms



Successful healingSuccessful healing------How??How??

Dm: HyperglycemiaDm: Hyperglycemia

Neuropathy Neuropathy 

VasculopathyVasculopathy

ImmunopathyImmunopathy

TobTob Use: OUse: O22 DeliveryDelivery

HxHx of Cancerof Cancer

Over 70 years of ageOver 70 years of age

Nut: Poor: Nut: Poor: EtohEtoh use                   use                   

No DM dietNo DM diet



Successful healingSuccessful healing------How??How??

Dm: HyperglycemiaDm: Hyperglycemia

Neuropathy Neuropathy 

VasculopathyVasculopathy

ImmunopathyImmunopathy

TobTob Use: OUse: O22 DeliveryDelivery

HxHx of Cancerof Cancer

Over 70 years of ageOver 70 years of age

Nut: Poor: Nut: Poor: EtohEtoh use                   use                   

: No DM diet: No DM diet

DM: DM: BS:TightBS:Tight glycglyc cont.cont.

NeuroNeuro: Protection: Protection

VascVasc: Bypass : Bypass SxSx

ImmunopathyImmunopathy: : AbxAbx

TobTob Use: No smoking!!Use: No smoking!!

Medically Medically OptomizeOptomize

RecognizeRecognize

Improve Nut: No Improve Nut: No etohetoh

: DM diet: DM diet



FemoralFemoral--Above Knee/ Below KneeAbove Knee/ Below Knee--DorsalisDorsalis PedisPedis
RSVB GraftRSVB Graft



DxDx:: Chronic ulcer, severe Chronic ulcer, severe pvdpvd, , myonecrosismyonecrosis, gangrene          , gangrene          
TxTx:: Revascularization, Revascularization, debridementdebridement, forefoot , forefoot amp,dpcamp,dpc



To thisTo thisFrom thisFrom this……



Wound Healing ChronologyWound Healing Chronology



Wound Healing: Phase 1 Wound Healing: Phase 1 
Inflammatory PhaseInflammatory Phase

Phase1:  Inflammatory Phase  First few days post Phase1:  Inflammatory Phase  First few days post inj/sxinj/sx
Inflammatory cells, macrophages, platelets, Inflammatory cells, macrophages, platelets, pmnspmns



HemostasisHemostasis
KEY Cells: KEY Cells: Endothelial cells, PlateletsEndothelial cells, Platelets

KEY Cellular Components: KEY Cellular Components: Factor XIII, Factor XIII, 
GF, Mediators, cytokinesGF, Mediators, cytokines

KEY Elements: KEY Elements: Vasoconstriction, Clot Vasoconstriction, Clot 
forms, platelets release GF, cytokines, forms, platelets release GF, cytokines, 
attract attract PMNsPMNs and fibroblastsand fibroblasts

Monaco JL, Lawrence TL.  Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12. Monaco JL, Lawrence TL.  Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12. 

Endothelials platelets



InflammationInflammation
KEY Cells:                            KEY ElementsKEY Cells:                            KEY Elements
Endothelial cells                  Hypoxia, lactate, acidityEndothelial cells                  Hypoxia, lactate, acidity
Macrophages, Macrophages, PMNsPMNs MonosMonos become macrophagesbecome macrophages
Platelets                                FGFPlatelets                                FGF--2 2 

PDGFPDGF--BBBB
KEY CellularKEY Cellular VEGFVEGF
Components                        Components                        MMPsMMPs
IntegrinsIntegrins PhagocytosisPhagocytosis

Monaco JL,et al  Acute wound healing; an overview. Clinics in Plastic Surgery 30 (2003): 1-12.Monaco JL,et al  Acute wound healing; an overview. Clinics in Plastic Surgery 30 (2003): 1-12.



Proliferation/AngiogenesisProliferation/Angiogenesis
KEY CellsKEY Cells

•• Endothelial cellsEndothelial cells

•• MacrophagesMacrophages

KEY CellularKEY Cellular

ComponentsComponents

•• IntegrinsIntegrins

KEY ElementsKEY Elements

•• Hypoxia, lactate, Hypoxia, lactate, 
acidityacidity

•• FGFFGF--22

•• VEGFVEGF

•• PDGFPDGF--BBBB

•• MMPsMMPs

Monaco JL,et al.  Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12. Monaco JL,et al.  Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12. 



Proliferation/GranulationProliferation/Granulation
KEY CellsKEY Cells

•• Endothelial cellsEndothelial cells
•• MacrophagesMacrophages
•• FibroblastsFibroblasts

KEY CellularKEY Cellular
ComponentsComponents

•• IntegrinsIntegrins

KEY ElementsKEY Elements

•• Hypoxia, lactate Hypoxia, lactate 
acidityacidity

•• FGFFGF--22

•• VEGFVEGF

•• PDGFPDGF--BBBB

•• MMPsMMPs

Monaco JL, et al Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12. Monaco JL, et al Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12. 



How Do Growth Factors Work?How Do Growth Factors Work?
Different cells secrete different growth 

factors 
& can express several different receptors

Different cells secrete different growth 
factors 

& can express several different receptors
Growth 
Factors
Growth 
Factors

ReceptorsReceptors

Target CellsTarget CellsReference: Falanga V, Shen J. Growth factors, signal 
transduction and cellular responses. In Cutaneous Wound 
Healing, editor V. Falanga Martin Dunitz, London 2001.

Reference: Falanga V, Shen J. Growth factors, signal 
transduction and cellular responses. In Cutaneous Wound 
Healing, editor V. Falanga Martin Dunitz, London 2001.



Protease 
Production
Protease 

Production

Cell
Migration

Cell
Migration

ECM 
Production

ECM 
Production

Cell
Proliferation

Cell
Proliferation

Gene ExpressionGene Expression
NucleusNucleus

Growth Factor ReceptorGrowth Factor Receptor

Cell MembraneCell Membrane

ResultsResults

How Do Growth Factors Work?How Do Growth Factors Work?



Proliferation/Proliferation/EpithelializationEpithelialization
KEY CellsKEY Cells
•• Epithelial cellsEpithelial cells

KEY ElementsKEY Elements
•• EGFEGF
•• KGFKGF
•• MMPsMMPs

Monaco JL, et al Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12..Monaco JL, et al Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12..



Proliferation/Proliferation/EpithelializationEpithelialization
KEY Cells                                  KEY Elements         KEY Cells                                  KEY Elements         

Epithelial cells                    Epithelial cells                    MMPsMMPs
KeratinocytesKeratinocytes EGF                              EGF                              

•• Fibroblasts                          TGFFibroblasts                          TGF--a a 
ILIL--66

KEY Cellular components        KEY Cellular components        KGFKGF--1 and 21 and 2

Platelets, Macros initiatePlatelets, Macros initiate

Monaco JL, et al. Acute wound healing; an overview.Clinics in Plastic Surgery 30 (2003): 1-12.Monaco JL, et al. Acute wound healing; an overview.Clinics in Plastic Surgery 30 (2003): 1-12.



Proliferation/Proliferation/EpithelializationEpithelialization



Phase 3: Remodeling: Scar gains Phase 3: Remodeling: Scar gains 
tensile strength, collagen stopstensile strength, collagen stops

•• PurposePurpose
-- ReRe--establish tissue establish tissue 

tensile strengthtensile strength

•• DurationDuration
-- Weeks to months to Weeks to months to 

yearsyears

•• CharacteristicsCharacteristics
-- Increased collagen Increased collagen 

crosslinkingcrosslinking
-- Increased collagen fiber Increased collagen fiber 

orientationorientation
-- ApoptosisApoptosis

Decreased cellularityDecreased cellularity

Monaco JL, Lawrence TL.  Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12.. Monaco JL, Lawrence TL.  Acute wound healing; an overview.  Clinics in Plastic Surgery 30 (2003): 1-12.. 



Remodeling Phase day 21Remodeling Phase day 21--……



4 years post amp4 years post amp



SummarySummary

EvidenceEvidence--based Practice in Wound Carebased Practice in Wound Care

Case Western Reserve University School of MedicineCase Western Reserve University School of Medicine

Chronic WoundsChronic Wounds
are are 

ALWAYSALWAYS
Manifestations of Other Systemic ProblemsManifestations of Other Systemic Problems



Summary: Impaired Wound HealingSummary: Impaired Wound Healing

Affected by both internal and external factors.Affected by both internal and external factors.

Insufficient Insufficient BldBld and Oand O22, malnutrition, infection, malnutrition, infection

Diseases: Immune deficiency: diabetes, HIVDiseases: Immune deficiency: diabetes, HIV

TxTx: meds, radiation, chemotherapy, steroids: meds, radiation, chemotherapy, steroids

Physiological: Edema, PVD,  pH imbalancesPhysiological: Edema, PVD,  pH imbalances

LaVanLaVan, FB, et al, O2 is a controlling factor in , FB, et al, O2 is a controlling factor in wndwnd repair. repair. ClinClin PlastPlast SurgSurg.. 1990 Jul;17(3):4631990 Jul;17(3):463--7272



Specific ParametersSpecific Parameters

DiabDiab Neuropathy:Neuropathy: Ulcer dev when not offloadedUlcer dev when not offloaded
(Fo(Focal ischemia, hemorrhage, cal ischemia, hemorrhage, necronecro, perforation), perforation)

DiabDiab ImmunopathyImmunopathy:: Disorders of leukocytesDisorders of leukocytes
(quantity, functions)(quantity, functions)

DiabDiab VasculopathyVasculopathy:: Failure to deliver blood & OFailure to deliver blood & O22

(!RBC, (!RBC, PMNsPMNs, , monosmonos, , fibrosfibros, , endosendos PlatletsPlatlets, O, O22))

VascVasc diseasedisease--------clot: clot: CaCa++, ++, Factor XIII deficiencyFactor XIII deficiency
(fail to (fail to vasoconstrictvasoconstrict Fibrin clot fails, Fibrin clot fails, inadinad scaffold) scaffold) 



Defects of Leukocytes: FunctionDefects of Leukocytes: Function

Defects of Leukocyte functionDefects of Leukocyte function

NeutropeniaNeutropenia :: ((leukleuk, drug induced , drug induced angrangr. . cyccyc neuneu,),)

Migration/Migration/ChemotaxisChemotaxis ImpairedImpaired

IntInt cellular cellular dysfxndysfxn:: chch--highig syndsynd, lazy , lazy leukleuk syndsynd, job, job’’s s synsyn, dm, dm

Inhibition of locomotion:Inhibition of locomotion: corticosteroids, dmcorticosteroids, dm

Deficiencies of Deficiencies of chemotaxischemotaxis:: dm,dm, complement def ,    complement def ,    
chemotacticchemotactic factor factor inactivatorsinactivators in serumin serum

LaVanLaVan, FB, et al, O2 is a controlling factor in , FB, et al, O2 is a controlling factor in wndwnd repair. repair. ClinClin PlastPlast SurgSurg.. 1990 Jul;17(3):4631990 Jul;17(3):463--7272



Disorders of Leukocytes: FunctionDisorders of Leukocytes: Function

Disorders of Disorders of PhagocytosisPhagocytosis::

OpsoninOpsonin deficienceisdeficienceis(hypogammaglobulinemia(hypogammaglobulinemia, C3 Comp def,  Sickle cell , C3 Comp def,  Sickle cell dsds))

Impaired engulfment: Impaired engulfment: durgsdurgs egeg. Morphine analogs. Morphine analogs

Impaired Impaired degranulationdegranulation{impaired{impaired discharge of granule contents into discharge of granule contents into phagosomephagosome) ) 
((chediakchediak higashihigashi syndrome, syndrome, durgsdurgs colchinecolchine, corticosteroids, , corticosteroids, antimalarialsantimalarials

Disorders of Disorders of microbiocidalmicrobiocidal (killing) mechanisms:(killing) mechanisms:
(Impaired H2O2 production, chronic (Impaired H2O2 production, chronic granulomatousgranulomatous disease Gdisease G--66--PO4 PO4 dehydrogenasedehydrogenase def,iciencydef,iciency, , 
drugs: hydrocortisone, sulfonamides, drugs: hydrocortisone, sulfonamides, MyeloperoxidaseMyeloperoxidase deficiencydeficiency

Ryan, GB. Et al Ryan, GB. Et al Inflammation,  Inflammation,  a scope a scope publicaitonpublicaiton, , UpjonUpjon Company, Company, KalamozooKalamozoo MI  P 39MI  P 39



IE: Factors in Delayed HealingIE: Factors in Delayed Healing

Disturbance or impairment of:Disturbance or impairment of:

Vascular system Vascular system 
Cellular components and/or mediators Cellular components and/or mediators 
Biochemical components: OBiochemical components: O22, , NutrNutr, CO, CO22

HemostasisHemostasis, Inflammation, Proliferation, Maturation, Inflammation, Proliferation, Maturation
Ability to obtain and maintain homeostasis/balanceAbility to obtain and maintain homeostasis/balance



History of Wound HealingHistory of Wound Healing

2100 BC 12100 BC 1stst recorded wound care: 3 gesturesrecorded wound care: 3 gestures
1) Washing wound with 1) Washing wound with etohetoh & water& water
2) Application 2) Application bacteriocidalbacteriocidal salvesalve
3) Application of bandages3) Application of bandages

400  BC I&D400  BC I&D
130130--200AD Galen: 200AD Galen: HemostasisHemostasis
Dark Ages: Hot Oils, GunpowderDark Ages: Hot Oils, Gunpowder
1563 1563 AmbroiseAmbroise Pare Reformed Wound CarePare Reformed Wound Care
Middle Ages: Allowed to Middle Ages: Allowed to ““rot a bitrot a bit”” through Am civil warthrough Am civil war
1865 Lister Antisepsis1865 Lister Antisepsis
C C ReyerReyer 18461846--1890: Earl, Partial 1890: Earl, Partial DebridementDebridement
DepageDepage 18621862--1925 Complete 1925 Complete DebridementDebridement
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HippocratesHippocrates

What Have We What Have We 
Learned????Learned????

2100BC2100BC--20062006



““We shall never cease from striving,          We shall never cease from striving,          

and the end of all our striving, and the end of all our striving, 

will be to arrive where we began,will be to arrive where we began,

and to know the place for the very first and to know the place for the very first 
timetime””..

T.S. Elliot T.S. Elliot 
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