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After injury to the body has occurred, healing of the wound takes place in order 
to restore the intact barrier provided by the skin.

LEARNING OUTCOMES
On completion of this module you should be able to:

•	 Describe the difference between chronic and acute wounds.
•	 Describe the phases of wound healing.
•	 Identify how different types of wound heal.
•	 Describe the physiology involved in primary and secondary intention.
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WOUND HEALING

Wound healing is best thought of as a cascade of events, which, under normal
circumstances result in repair. It is a dynamic process where the descriptive
stages overlap and do not occur in isolation of each other (Timmons 2006).

Wounds that proceed normally through the repair process are usually referred
to as ‘acute’ wounds. Chronic wounds are those that are failing to heal as
anticipated	or	that	have	become	fixed	at	any	one	phase	of	wound	healing
(Collier 2002). Most descriptive models of wound healing refer to the healing of
acute wounds.

The wound healing process can be divided in to four main phases which, as 
stated above, do not occur in isolation;

•	 Haemostasis
•	 Inflammation
•	 Proliferation
•	 Maturation

HAEMOSTASIS
Haemostasis is the physiological response which starts immediately after
injury. Haemostasis is achieved by a combination of vasoconstriction to
conserve blood loss, release clotting factors, with the clot serving to act as a
bacterial barrier and a framework for migrating cells (Benbow 2005).

The ends of the damaged blood vessels attract platelets to the site of the
injury. The platelets come into contact with the collagen in the walls of the
vessels and stick together. The platelets begin to aggregate and activate the
release of clotting agents (including platelets derived growth factor and
thromboplastin) that trigger the clotting cascade (Silver 1994). As a result there
is	initial	vasoconstriction	which	reduces	the	blood	flow	through	the	wound.

Vasoconstriction	it	is	followed	by	a	reflex	vasodilation	that	may	be	observed
as a surface erythema (Sheilds and O’Kane 1994). Platelet aggregation
and	the	release	of	bradykinin	relaxes	smooth	muscle,	promotes	vessel
permeability,	blood	flow	and	the	release	of	histamine.	This	results	in	a	build
up of pressure within the capillary causing the blood vessel to dilate. The
increase	in	blood	flow	helps	to	flush	debris	and	bacteria	from	the	wound	that
may have entered at the initial wounding.

Before	haemostasis	is	achieved,	fibrin	forms	a	mesh	trapping	blood	cells.	The
fibrin,	together	with	platelets,	provide	limited	structural	strength	but	the	strands
within the clot contract and draw the mesh of cells inwards drawing the edges
of the wound together. Similarly the clots sealing the blood vessels contract
and the edges are pulled together (Silver 1994).

Not all wounds will follow this stage as it is very much dependent on the
nature of the wound. Many chronic wounds such as pressure ulcers are
caused by lack of blood supply to the tissues, which results in tissue death
from ischaemia and not through wounding following damage to the blood
vessels.
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INfLAMMATION

Figure	2.1	Inflammatory	Phase

Inflammation	is	a	normal	vascular	and	cellular	response	to	any	injury	and
healing	cannot	progress	if	inflammation	does	not	occur	(Timmons	2006).	The
duration of this phase if often lengthened in chronic wounds.

During the haemostasis phase tissue damage and the activation of clotting
factors	occurs,	this	stimulates	the	release	of	inflammatory	mediators	such	as
prostaglandin and histamine. This causes the blood vessels to become more
permeable and vasodilate (flanagan 2000)

Inflammation	can	be	seen	locally	as	the	presence	of	heat,	swelling,	erythema,
discomfort and functional disturbance (Tortora & Grabowski 1996). These 
signs	of	inflammation	should	not	be	confused	with	those	of	infection.

The	extra	blood	flow	resulting	from	vasodilation	leads	to	extra	neutrophils	at
the wound site. Neutrophils appear in a wound shortly after injury and reach a
maximum	at	24-48	hours	(Stephen-Haynes	&	Gibson	2003).

The neutrophils cleanse the area of bacteria and devitalised tissue. Monocytes
are also attracted to the area, these transform into macrophages and help with
the	cleansing	process	through	phagocytosis	(Timmons	2006)		(Stephen-Haynes
& Gibson 2003).

Macrophages are present at all stages of wound healing and they produce a
variety of substances that regulate healing including growth factors and
prostagladins	(Nathan	1987).

Wound	exudate	is	produced	during	this	stage	of	healing	and	in	a	healthy
wound contains many substances that are vital to wound healing such as
neutrophils, macrophages, lymphocytes, proteases and growth factors.

Although	the	presence	of	exudate	is	vital	for	normal	wound	healing	it	can	also
damage intact skin and it must therefore be managed effectively in order to
prevent further breakdown (Timmons 2006).

Slough is a collection of dead cellular debris on the wound surface and often
occurs	during	the	inflammatory	phase.	In	chronic	wounds	slough	may	combine
with	areas	of	fibrous	tissue	that	can	cover	the	wound	bed	and	become	difficult
to remove (flanagan 2000).
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PROLIfERATIvE PHASE

figure 2.2 Proliferative Phase

The	proliferative	phase	starts	at	about	day	three	to	fourteen	days	(Stephen-
Haynes & Gibson 2003).

Macrophages control the beginning of the proliferative phase. (Eiegelmann et al
1991). Through the secretion of vascular endothelial growth factor (vEGf).
vEGf stimulates the formation of new blood vessels (angiogenesis) which are
important	for	the	delivery	of	oxygen	and	nutrients	to	the	healing	tissues
(Timmons 2006).

Macrophages also produce other substances that stimulate angiogenesis
including transforming growth factor (TGf) and tumour necrosis factor (TNf).

An	extracellular	matrix	(ECM)	is	formed	from	substances	including	collagen
which	is	produced	by	fibroblasts.	The	ECM	provides	scaffolding	into	which	the
new blood vessels grow.

The deposition of the ECM, together with angiogenesis, comprises the
granulation tissue.

Healthy granulation tissue can appear as bright red or pinky red in colour. It 
does not bleed easily.

Granulation tissue which is dark in colour and/or bleeds easily can indicate that 
the wound is infected or ischaemic (Harding & Cutting 1994).

Wound contraction is another feature of the proliferative phase and normally 
occurs	around	the	fifth	day	after	injury	(Stephen-Haynes	&	Gibson	2003).	The	
exact	mechanism	of	wound	contraction	remains	unclear	but	the	activity	of	
fibroblasts,	myofibroblasts,	collagen	and	elastin	are	involved	in	contacting	and	
pulling the wound edges together.

Wound contraction plays a minimal role in wounds healing by primary intention, 
such as surgical wounds. It is more important in wounds with larger tissue 
loss	which	heal	by	secondary	intention,	such	as	pressure	ulcers	(Stephen-
Haynes	&	Gibson	2003)	(Brown	1988).

Once	wound	contraction	has	taken	place,	the	re-growth	of	epithelial	cells	
across the wound surface can start to take place. New epithelial cells will begin 
to migrate from the edges of the wound and also from within hair follicles, 
sebaceous glands and sweat glands (Timmons 2006). The new epithelial cells 
are white/pink in appearance and they stop migrating once they meet other 
epithelial cells in the wound, this is known as contact inhibition. 
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Epithelial migration is accelerated in a moist environment as it enables the
epithelial cells to migrate more easily (Winter 1962).

Conversely,	epithelial	migration	is	significantly	slowed	in	a	dry	environment	or
in the presence of necrotic or devitalised tissue as the epithelial cells are
forced to burrow underneath this tissue (flanagan 2000).

The	rate	at	which	epithelialisation	occurs	is	influenced	by	a	number	of	growth	
factors. The mitotic activity of cells within a wound are also sensitive to 
fluctuations	in	local	temperature	(Lock	1979)	(Myers	1982).

MATURATION

figure 2.3 Maturation Phase

This	stage	is	sometimes	referred	to	as	the	re-modelling	phase	and	can	last	up	
to	18	months	(Silver	1994).	In	chronic	wounds	this	stage	may	be	even	more	
protracted.

During this phase the wound is strengthened and the scar will change colour 
significantly	(Timmons	2006).

The wound becomes stronger as macrophages stimulate collagen bundles to 
mature	and	form	a	stronger,	more	organised	layer	(Timmons	2006)	(Stephen-
Haynes & Gibson 2003). The tensile strength of scar tissue compared to 
normal	skin	is	about	80%	(Brown	1988).

As the vascular network in the wound decreases the scar changes colour, it 
becomes less red and becomes silver or white in appearance.

The mature scar tissue is relatively avascular and contains no hair, sebaceous 
or sweat glands (Timmons 2006) (flanagan 2000).
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HEALING BY PRIMARY INTENTION

figure 2.4 Healing by primary intention

Surgical Wounds – When the edges of wounds are opposed through one of 
the available methods of wound closure (e.g. tissue glues), healing is likely 
to be rapid. This type of healing is sometimes said to occur by primary 
intention.

These wounds usually heal quickly, with minimal scar formation, as long as 
infection and secondary breakdown are prevented.

HEALING BY SECONDARY INTENTION

figure 2.5 Healing by secondary intention

When	an	injury	extends	to	tissues	deep	of	the	epidermis	and	the	wound	
is not ‘closed’, the healing process takes longer due to the volume of 
connective	tissue	required	to	fill	the	defect.	Healing	occurs	by	the	formation	
of granulation tissue from the bottom of the wound. This is sometimes referred 
to as healing by secondary intention. 
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HEALING BY TERTIARY INTENTION
Wounds	managed	with	delayed	primary	closure	are	classified	as	healing	by	
tertiary intention.

This closure method is most often used when there is considerable bacterial 
contamination. It is also sometimes used in wounds that are complicated by 
oedema	or	excessive	exudate	production	(Hess	2002).

Initially, body cavities are closed but the remaining tissue layers are left open 
to	allow	drainage	of	pus	etc.	Three	to	five	days	later	the	wound	is	closed	
surgically and it then heals by primary intention (Dealey 2005).

Risk of infection and tissue loss are higher during the days that the wound is 
left open (Hess 2002)

MOIST WOUND HEALING

figure 2.6 Comparison between dry and moist wound healing

Since	the	1980’s	it	has	been	widely	accepted	that	a	‘moist’	environment	is	
optimal for wound healing.

The	concept	was	first	introduced	by	George	Winter	who,	in	1962,	conducted	
animal	studies	comparing	the	effect	of	leaving	superficial	wounds	exposed	
to	form	a	scab	with	the	effect	of	applying	a	vapour-permeable	film.	It	was	
found that epithelialisation was twice as fast in those wounds covered by a 
semi-occlusive	film.

Little	notice	was	taken	of	Winters	work	until	the	1980’s	when	further	clinical	
studies	were	performed.	These	studies	confirmed	Winter’s	findings	and	also	
found	further	benefits	to	moist	wound	healing	such	as	reduced	pain	e.g.	
Eaglstein	1985.	Other	studies	showed	that	the	natural	autolytic	process	and	
therefore the breakdown of necrotic tissue is promoted in a moist wound 
healing	environment	e.g.	Freidman	1983.

It is important that the level of moisture at the wound level is controlled. 

‘for optimal healing, it is desirable to keep a 
wound moist and avoid both wet and dry conditions’ 

Winter (1962)

If there is too little moisture, healing will be slower which can result in greater 
visible	scarring.	However	if	it	a	wound	is	too	wet	it	is	more	prone	to	over-
granulation, infection and maceration of surrounding skin.

These	findings	dramatically	changed	the	way	wounds	were	managed	and	led	
to the development of alginates, foams, hydrocolloids, and hydrogels.
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CHRONIC WOUNDS
Chronic wounds behave differently to acute wounds, thus making them more 
difficult	to	heal.	Acute	wounds,	if	all	the	healing	factors	are	in	place,	will	
heal with very little interference from the clinician. Wounds which are 
chronic require careful dressing selection to provide the optimum healing 
environment to allow the wound to heal.

While	there	are	many	definitions	of	a	chronic	wound,	a	wound	is	referred	to	as	
chronic when despite appropriate treatment it has shown no improvement for 
2-3	months.	However	this	does	not	encompass	the	full	range	of	wounds	that	
are	considered	to	be	chronic,	for	example	re-occurring	wounds.

Collier	in	2002	defined	a	chronic	wound	as	those	that	are	failing	to	heal	as	
anticipated	or	that	have	become	fixed	at	any	one	phase	of	wound	healing	
(Collier 2002).

It is thought that chronic wounds may lack the initial trigger that begins the 
cascade of healing. They are often caused by an underlying pathology such 
as	vascular	insufficiency	which	produces	repeated	insults	to	the	tissues.	
These wounds then become stuck in a vicious cycle in which a prolonged 
inflammatory	phase	serves	to	cause	further	tissue	damage	(Waldrop	&	
Doughty 2000).

Research	looking	at	chronic	wound	exudate	has	been	conducted	to	discover	
if this plays a role in delaying wound healing in chronic wounds placed chronic 
wound	exudate	(CWE)	with	cultured	fibroblasts	and	monitored	the	growth	of	
the	fibroblasts	in	laboratory	conditions.	They	found	that	CWE	dramatically	
inhibited	the	growth	of	fibroblasts	when	compared	to	the	control	(Phillips	et al
1998).

This	has	prompted	other	researchers	to	look	at	chronic	wound	exudate.	
Differences	in	the	exudate	produced	by	chronic	wounds	have	been	found	
including;

•	 Higher	levels	of	matrix	metalloproteinases	(MMPs)	in	non	healing	leg	ulcers	
(Tengrove et al 1999).

•	 Higher levels of MMP9 in pressure ulcers that healed poorly than those that 
healed well (Ladwig et al 2002).

•	 Higher	concentrations	of	proinflammatory	cytokines	or	growth	factors	in	
non-healing	ulcers	(Tengrove	2000).

•	 fibroblasts with reduced mobility, reduced ability to replicate, abnormal 
protein production and that don’t respond to growth factors (senescent 
fibroblasts)	found	in	chronic	venous	ulcers	(Mendrez	et al	1998	cited	in	
Dealy 2005).

It is hoped that continuing research into chronic wounds will enable new 
treatments to be developed.

This module has outlined the stages of ‘normal’ wound healing as well as 
describing different types of wound healing; Primary, Secondary and Tertiary 
healing.	Finally	it	briefly	looked	at	the	importance	of	moist	wound	healing	and	
the concept of chronic wounds.

It is important for clinicians to have an understanding of these topics in order 
that they take appropriate actions and provide management and treatment 
solutions during wound healing.

When you are ready, please complete the following “Test Your Knowledge” 
section . . .
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TEST YOUR KNOWLEDGE
1. What is the order of the four phases of wound healing.

a.	 	 Inflammation,	Proliferation,	Haemostasis,	Maturation.
b.	 	 Haemostasis,	Inflammation,	Proliferation,	Maturation.
c.	 	 Proliferation,	Haemostasis,	Maturation,	Inflammation.
d.	 	 Maturation,	Inflammation,	Proliferation,	Haemostasis.
       
2. Haemostasis is achieved by what combination?

a.   Platelets begin to aggregate and release clotting factors.
b.   fibrin mesh traps blood cells
c.   vasconstriction to conserve blood loss, release clotting factors, clot        
  acting as a bacterial barrier and framework for migrating cells.
d.    Blood vessels contract and the edges pull together.

3. Will a chronic wound go through the Haemostasis phase.

a  Yes
b.  No 

4.	What	are	the	classic	signs	of	inflammation	which	should	not	be	confused	
with infection.

a.   Local presence of heat, swelling, erthyema, discomfort and functional 
  disturbance.
b.   Presence of heat, swelling, odour, erthyema, discomfort.
c.		 	 Presence	of	heat,	odour,	increased	exudate,	discomfort.
d.		 	 Heat,	increased	exudate,	swelling	,	functional	disturbance.

5. Slough is a collection of dead cellular debris on the wound surface, it often 
occurs in which phases.

a.  Haemostasis.
b.	 	 Inflammation.
c.  Proliferation.
d.  Maturation.

6. What day does the proliferation phase commence in the normal healing
process.

a.	 	 1-6
b.	 	 3-14
c.	 	 14-20
d.	 	 14-1	year

7. Healthy granulation tissue should appear as?

a.  A bright red or pinky red which does not bleed easily.
b.  A dark red in colour and bleeds easily.
c.  A bright red or pinky red which bleeds easily.
d.  A dark red in colour which does not bleed easily.

8.	What	is	the	tensile	strength	of	scar	tissue	compared	to	normal	skin?

a.	 	 90%
b.	 	 68%
c.	 	 80%
d.	 	 50%
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9. What would be the effect of a dry environment on wound healing?

a.  If a wound is too dry then it is prone to over granulation which will   
 delay wound healing.

b.  A dry healing environment will result in slower migration of epithelial   
 cells and slower wound healing.

c.  In a dry environment, collagen formation is slower and as a result   
 wound healing is delayed.

10.		How	does	the	inflammatory	phase	prepare	the	wound	for	healing.

a.		 	 During	the	inflammatory	phase	the	disposal	of	microbes,	foreign		 	
 material and dying tissue occurs, which is necessary for the    
 wound healing to begin.

b.		 	 During	the	inflammatory	phase	epidermal	cells	start	to	invade	the		 	
 boundary between the living and necrotic tissues. This prepares the   
 wound for healing.

c.		 	 During	the	inflammatory	phase	the	wound	fills	with	granulation	tissue	in	
  preparation for healing.

11. What Phase of wound healing does this wound go through?

Surgical wound.

12. What phase of wound healing does this wound go through?

Open wound.

13. Describe the physiological events that are taking place in both of these 
wounds.

14. Identify a chronic wound in your care and what are the factors of wounds 
becoming chronic. What environment should be provided for healing.

For	the	answers	please	see	Appendix	2
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DECLARATION Of COMPLETION
After injury to the body has occurred, healing of the wound takes place in 
order to restore the intact barrier provided by the skin.

Learning outcomes

On completion of this module you should be able to;

•	 Describe the difference between chronic and acute wounds.
•	 Describe the phases of wound healing.
•	 Identify how different types of wound heal.
•	 Describe the physiology involved in primary and secondary intention.

I …………………………………………………………. hereby certify that I have 
fulfilled	the	learning	outcomes	outlined	above.

Signed …………………………………  

Date …………………….
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