Wound healing process



Anatomy
of the skin 2

Stem cell bulge Haif shatt

Swsmat pare
: B Epidermal ridge
L Derrnal papilla
Papillary
ol Arrector pili muscle
Sebaceous (oill gland
Swpeat gland duct
Meracring sweat gland

Reticular
layer

‘izin
Artery

Subcutaneous —
layer

I

Adipose conraclive lissue

Hair follicle  Sarnsory Arealar Sensory
TRCRpTarE Connective tlssue nene fiber

Dead keratinocytes

— Stratum corneum

=— Stratum lucidum

Stratum
granulosum
Living keratinocyte
— Stratum spinosum—
Stratum basale—E = : F Melanocyte
AL - Epidermal
dendritic cell

Basement membrane
Tactile cell
Sensory nerve ending

Dermis




Physiology & Function of the skin

Physiology®
e vascular supply
* nerve suply
 skin nutrition
e skin renewal
Functionn
 protection from enviroment
* sensation
prevention of fluid loss
. immunity
. thermoregulation
. protection from ultraviolet rays
. synthesis & storage of vitamin D
. Esthetic & communication



Skin: Constitution and Function
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What’s is wound

* Defines Wound ( Dorland medical dictionary)
a diruption in normal contuinity of a body
structure

e The term “Wound “[

e Usually related to an acute injury or an acute
mechanicel trauma such as gunshot wound or a
stab wound

* Chronic wound related to any wound that fails to
heal within a reasonable periode



Definition of skin loss

Full-thickness Split-thickness
o wwound

Epidermis

Cermis

Subcutaneous —| P - ¢
t. . '.'

Erosioni loss of superficial Partial thickness skin loss[@ loss of
epidermis, dermis no involvment epidermis & part of dermis



Definition of skin loss...

| FuII-tickness Iss with envolvement of

muscle, bone and tendon

Loss of the epidermis & dermis extending
into subcutaneous tissue, in some cases
involving bone tendon or muscle



Wound Healing

Why is it important to understand how wounds heal?

= An understanding of normal wound healing enables

recognition of abnormal healing (Dealey 1994).

= Recognition of the phases of wound healing
will assist with planning implementation and
evaluation of wound management, including

the selection of appropriate dressings.



Wound healing stages
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Physiology of Wound Healing

Wound Healing Phases
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Vascularisation
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Y £ Activation of the t 8 6
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Wound Healing Phases

ﬁ/ascular Response (VR) ]

by the release of tissue factors
vasoconstriction followed by vasodilation

Polymorphonuclear
Collagen

Fibrin, platelets
leucocytes

Capillaries and

Macrophages
epithelium

Lymphocytes

Fibroblasts

[Blood Coagulation (BC) ] T
Maturation
Platelets adhere to the exposed vessel wall [P?;Eillﬁfirrj‘t\;n ]
and change their form.
Afterwards they release substances . L Inflammatory |
attracting further platelets. Wa[ec ] [Inflammation |-, 21
Than they clump together to form a thrombus ime (dave)

leading to the release of platelet factors and
fibrin synthesis.
This induces the blood coagulation process,

which is a chain reaction involving 13 coagulation
factors.



Wound Healing Phases
| Inflammation |

+ (Catabolic processes by which the wound
is cleansed
* Activation of the immune system consisting of Raimodsiling dnd

T -
the non-specific defence system: Pr”'"er% Maturation

Complement factors, phagocytic cells, neutrophilj Proliferation ’
Clot |

granulocytes, monocytes, macrophages nflammatory

J — | .
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...

Polymorphonuclear
Collagen

Fibrin, platelets
leucocytes

Lymphocytes

Fibroblasts
Capillaries and

Macrophages
epithelium

and the specific defence system:
B-lymphocytes, T-lymphocytes

Main symptoms of inflammation:
*  Redness of the skin
* Increased temperature of the skin
«  Swollen skin
- Pain
*  Functional disorder




Wound Healing Phases

Formation of New Tissue (Proliferation

* Granulation formation / growth of blood vessels
and connective tissue

Endothelial cells form capillary network growing

@

. @
into the wound. gs
. 3 8,5
»  Fibroblasts produce collagen network. g8fs
» Fibroblasts divide and make up the dermis. £ 555
oo =

*  Wound contraction

*  Special fibroblasts start the process of wound
contraction

« allowing edges to come together.

» Epithelialisation

Resurfacing of the wound by new epithelial cells.

Lymphocytes
Collagen

Fibroblasts
Capillaries and

epithelium

Maturation

Proliferation

Inflammation ]

Maturation / Remodelling Ml vy
ecT

 For a long time after the injury,
the scar tissue is reorganised by
restructuring of the collagen.

7 14
Time (days)

collagen fibres are broken down again by collagenases

and are newly cross-linked.

21



The phase of wound healing & key cell & events
involved

Phases of healing Main cell types involved

Coagulation
phase

Platelets

Inflammatory Platelets
phase Macrophages
Q}\ % Neutrophils

g

Macrophages
Migratory/proliferative i. Fibroblasts
phase Epithelial cells

Endothelial cells

Remodeling Fibroblasts
phase A Q& % <{'\~\ Myofibroblasts

Injury Hours Days Weeks
Fitzpatrick’s, 2012



The phase of wound healing & key cell & events

involved
Time Phases Main cell types Specific events
Coagulation Platelet ati d release of
. : atelet aggregation and re
Fibrin plug formation, o fibrinogen fragmeniaEtE
release of growth factors, e to ediat
¥ cytokines, hypoxia I
Hours ﬂ
| |nﬂam;Et'Dl]|’ Neutrophils Selectins slow down bloed cells + binding \
Cell recruitment and Monocytes to integrins —» diapedesis
chemotaxis, wound Moo Hemidesomosome break-down
' debridement — keritinocyte migration
Days $
EIE:MWFMII::M,“W Keratinocytes Cross-talk between MMPs, integrins,
ﬂbrf:}'p E f:i‘; ;ﬁ; L;‘ZE;E Fibroblasts cells, cytokines —» cell migration,
’ . Endothelial cells ECM producti
ECM deposition, contraction o
Remodeling Phenotypic switch to
! Scar formation and revision, Myofibroblasts myofibroblasts from
Weeks ECM degredation, further fibroblasts
to contraction and tensile strength
months

Fitzpatrick’s, 2012



Growth factors &cytokine, the roles in some
function & matrix production

Responses EGF FGF GMCSF  IL-1 PDGF TGF-f1 VEGF CTGF IGF

Fibroblast + + + ++ + + n
proliferation

Keratinocyte + + + — +
proliferation

Angiogenesis + + + + + + ++
Matrix formation + 4+ +4 4t +
Inflammatory ++ + +

cell migration/

chemotaxis

EGF = epidermal growth factor; FGF = fibroblast growth factor; GMCSF = granulocyte-macrophage colony-stimulating factor; HGF = hepato-
cyte growth Factor; IL-1 = interleukin-1; IGF-1= insulin growth factor-1; PDGF = platelet-derived growth factor; TGF-j1 = transforming growth
factor-p1, VEGF = vascular endothelial growth factor, CTGF = connective tissue growth factor.

Blank cell: no definite response

+=definite but mild response

-+ =definite and marked response



Matrixmetallo protein (MMP) functional effects on wound

healing
Effect

Keratinocyte
Proliferation and Migration

Endothelial cell (EC) migration
Cell migration

Inflammation

MNeutrophil
Migration

Apoptosis

Common Names

Collagenase 1
Gelatinase A
Stromolysin 2
Matrilysin-1
Epilysin

Collagenase 3
Gelatinase A
MT1-MMP

Stromolysin 1
Stromolysin 2
Matrilysin-2

Collagenase 2
Gelatinase A
Gelatinase B
Matrilysin-1

Gelatinase B
MT&e-MMP

Collagenase 2
MT1-MMP
MT2-MMP
MT&-MMP

MMP = matrix metalloprotease; MT = membrane type.

Corresponding
MMP Designation

MMP-1
MMP-2
MMP-10
MMP-7
MMP-28

MMP-13
MMP-2
MMP-14

MMP-3
MMP-10
MMP-26

MMP-8
MMP-2
MMP-9
MMP-7

MMP-9
MMP-25

MMP-8

MMP-14
MMP-15
MMP-25

Some Specific Effects

Increased migration

Increases (EC) migration
MNeeded for angiogenesis
MNeeded for angiogenesis

Required for excisional wounds

Anti-inflammatory
Anti-inflammatory
Promotes inflammation

Increases neutrophil migration

Prevents apoptosis
Antiapoptotic

Fitzpatrick’s, 2012



Break in skin integrty,
bactenal inoculation
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insufficiant oxidative

ol p ; ,
x burst due to regional ischemia
Wnundrypnxh and imm;:.\l:a dysfunction
Regional ischemia T
(PVD, diabetes, radiation) tinflammation *~ Persistont hypoxia
R T il..l:n'-.:?ﬁmgiunnl
-.ﬂ _ﬁ . -~ -_-' Ld n
t Bacterla Q\
ﬂ 5 v|
y | =
J— 11 Bacteria
v {critical colonization)
. Porpetuation and ‘. Elaboration
. ! amplification of \ \ ¥ of biofim
| | proinflammatry state A\ - psaudoaschar
Hypoxia .
. Hlnﬂnﬁ'lmnti-nn,
¢ _ R“_a persistence of
thtaasas Y. : neutrophils
\ Growth factors ; h F
Proangiogenic < lis
lrmﬁigu ™,
"t Edema Wound
t ExudEP_ - slasis
) e T
%\ ~_ fCellular S
e damage &4 _— YPromases
T inwound YAcidity
t Zone of YFroe radicals
imjury
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Phases of Wound repair

Acut wound Chronic wound

Time

|

Day 1

l

Day 3-5

L

Weaks

L

Months




Inflammation influences the quality of the
repair response

Tissue injury

J ! !

Early Adult Diabetes mellitus*
development Venous ulcers*

| s 1 7

s s~ e Y
J d d d

Control of angiogenesis, epithelialization and connective tissue deposition and turnover

U Y J J

Regeneration, Physiclogic Hypertrophic scar, Chronic wound
scarless repair scar keloid

Inflammation




Interference with wound healing

Technical Factors
Inadequate wound preparation
Excessive suture tension

Reactive suture materials
Local anesthetics

Anatomic Factors
Static skin tension
Dynamic skin tension
Pigmented skin

Oily skin

Body region

Agsociated Conditions and Diseases
Advanced age

Severe alcoholism

Acute uremia

Diabetes

Ehlers-Danlos syndrome

Hypoxia

Severa anemia

Peripheral vascular disease
Malnutrition

Drugs

Corticosteroids

Monsteroidal antiinflammatory drugs
Penicillamine

Colchicine

Anticoagulants

Antineoplastic agents



Acute vs Chonic Wounds

Healing Process Regulated Haphazard
Pathology None Underlying
Time to healing Rapid Slow

Inflammatory response | Short Prolonged

Reduced after 48 hours
Exudate Promotes cellular
proliferation

Prolonged Inhibits cellular
proliferation

Bacterial Load Low High

Fibroblast proliferation Active Inactive
Excoriation/maceration | Infrequent Frequent
Extracellular matrix Normal remodelling Defective remodelling
Vascular network Good Poor

Complications Infrequent Frequent

Progress Heal Fail to heal / recur

Modules 2 & 3 International wound infection institute



Acute vs Chonic Wounds

Time bound

A a ° M

Of short duration

Do not heal within 4 weeks (Cullum et
al 1997)

Recurrence

Unlikely to recur

Characterised by episodes of
recurrence

Pathophysiology

No underlying disease process

Multiple underlying pathologies

Healing process

Orderly healing

Disordered healing, wound may
improve and then deteriorate in a
cyclical fashion

Inflammatory

Progresses through
inflammation to proliferative

Appears to be ‘stuck ‘ in late

wounds, burns

response phase inflammatory phase (Hart 2002)
Thought to be beneficial, May be detrimental due to imbalance
Exudate exerts antimicrobial effect and | in production of MMPs and
contains growth factors suppression of TIMPS
Quantity of Reduces as healing May remain high due to persistent
exudate progresses inflammation
. Surgical wounds, traumatic Pressure ulcers, leg ulcers, diabetic
Aetiology

foot ulcers, fungating wounds

Modules 2 & 3

International wound infection institute




Abnormalities chronic dermal ulcers

Prowisional matrix
Exiracellular mainix
Wound fluid

Bacieral colomization
Bio-burden

Cellilar senescence

Eeratinocyies

Defect

Rapidly degrading provisional matnx
Increased newirophil elastase

Increased gelatinolyiic activity and superactive gelatinases

Decreased - lantitrypsin activiy
Decreased levels of TIMPs
Uimbalanced MMPs (MMP-Z, B. amnd 9)

Prolonped mflammaiion

Increased levels of inflammatory cvinkimes
(ThF, IL-1, TL-f)

Decreased growth capacity of repainng cells

Increased levels of beia-Cial

Decreased respomse o growth facior stomubi

Upregulaison of elasiase’/matrix degradsison

Imypaired keratimocyte acination cyvcle

Increased expression of collapenases

Expression of siromelysin | and X
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Type of healing response

Primary intention

A. 24 hours BE. 3-7 days C. Weeks
« Mo suture
suture « Minimal scar
« decreased tension _ _ .
. approximates woundage Fibvroblast  Suture Fibrous union Fibroblast

Fibroblast

mf«‘armm Epidermis —

minimal)

Clot

Crermis -

‘ﬁ- Capillary

Meutrophils Granulation tissue Macrophage
- minimal (minirmal) wery few)
inflammatory

response

- no debris

Dermis -

— Mew
capillary

Capillary

« no bacteria

Clean Incision surgical
No contamination from

bacteria, yeast, forein
bodies

mlinimal tissue loss



Classifications of healing response

Delayed primary intention

e Wound edges are not approximated [ the
precence pathogen or debris, abcess or extensive
tissue loss

e Delayed surgical closure after surgical removal
granuloma, abcess, debris



Classifications of healing response
Healing by secondary

intentions
vwound Fibrous union Fibroblast
Epidermis Epidermis 4 § Epidermis - s
L - Mitoses
Dermis - 5 =~ Dermis | ~ * Dermis -
ﬂ- Capillary 2
MNew
B fromecy seest 1A s capillary
Fibroblast Meutrophils Macrophage Capillary

A 24 hours B 3-7 days C Weeks

B. Phase prollferatlf with granulation visible through the wound bed (2 weeks)
C. Remodelling phase (2 weeks later)@ completed closure by secondary intention without

surgical intervention



Classifications of healing response

Partial thickness wounding

Loss or partial loss of epidermis or epidermis & superficial
dermis @ the basement membrane is intact & hypodermis
is not exposed



Pressure Ulcer Classification system
(International NPUAP/EPUAP)

St 1: Non-blanchable erythema
» |ntact skin, painful, firm, soft, warmer or cooler.
St 2: Partial thickness skin loss

= Partial-thickness loss of dermis, red pink wound bed,
wo slough.

St 3: Full thickness skin loss

= Subcutaneous fat may be visible, but bone, tendon/
muscle are not exposed.

St4: Full thickness tissue loss

= Full-thickness tissue loss where exposed bone, muscle,
tendon., slough/eschar.

Unstageable: depth unknown

= Base of the ulcer is covered by slough and/or eschar in
the wound bed.






Bridgewater Community Healthcare

MHS Trust

Warrington Division

CLASSIFICATION AND MANAGEMENT OF WOUNDS

Mecrotic Sloughy Malodorous/ Infected Epithelialisation

Granulating

AIMS OF TREATMENT
Debride Remove slough Absorb Exudate Maintain moisture Maintain Moisture
Remove eschar Absorh Exudate Treat infection Promote granulation and protect
Protect wound Provide clean base Manage Smell Provide healthy base
for granulation tissue Protect wound for Epithelialisation
Protect wound Protect wound
Low Exudate Low Exudate Hydrogels
Hydrogels Antimicrobial Creams Films
Hydrocolloids Low absorbent foams Low absorbent foams
Low absorbent foams Silver impregnated Mon adherent foams
Desloughing Agents dressings
High Exudate High Exudate
Hydrofibre Hydrofibres
Alginates Foams Alginates
Dextranomer agents Bordered foam dressings




Conclusion

e Skin @ complex multilayer organ that function to
protective organ & maintain homeostasis

e Injury process can stimulate that cell to accomplish
repair& regeneration

e Acute wound healingll phases hemostasis,
inflammation, proliferation & remodeling

e |Inflammation phases subdivided 3 overlapping phases

e Acute & chronic wound are different but overlap

e Chronic wound @ in one way relationship between
different phase is lost

e Chronic wound @ complex result of ischemic, pressure,
infection [ healing dependent of this factor

e C(lassification of wound B management



