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ABSTRACT

INTRODUCTION

In Australia, it is estimated that $2.85 billion is spent annually
on wound care. As well as putting a significant strain on
the health care system, these wounds decrease patient
quality of life, and factors, such as immobility and isolation,
can lead to depression. The real impact of these wounds
is often masked by co-morbidities such as diabetes and
cardiovascular disease. Current treatments available are
not a ‘fix all’ solution, and many chronic wounds persist for
months, even years, with a major limb amputation required
every 30 seconds, amounting to 2500 amputations a day.
Understanding how and why these wounds form, and why
some heal, and others persist for years is necessary to
improve the lives of these patients. Here we discuss, firstly,
how co-morbidities alter the wound healing process at a
cellular level to promote wound chronicity in patients and
how therapies have developed from this information. Then
we discuss the impact on the chronicity of wounds that
factors, such as wound infection, the patient’s own social
context and the health professional may have.

Chronic wounds are seldom seen in otherwise healthy people
and most patients have some sort of co-morbidity, such as
diabetes or cardiovascular disease. This underlying disease
pathology contributes to the formation and chronicity of
these wounds, and our understanding of how this occurs has
improved greatly over the last decade. Equally, factors other
than the physiological have been identified as contributors
to delayed healing. The social context, the psychological
status of the patient and the competence of health care
professionals combined with the physiological influences to
produce a complex ‘pot-pourri’ of factors that warrant the
attention of wound management practitioners.

DIABETIC ULCERS
Up to 25% of the 422 million diabetics worldwide will develop
a chronic wound in their lifetime1. These patients have a 1%
chance of having a limb amputated as a result of chronic
wound progression, with one in four amputees requiring
collateral amputation and/or re-amputation2,3. Understanding
how these wounds form, and improving treatment is vital
to reducing this statistic. A range of factors can influence
the development of a chronic diabetic wound, including
neuropathy, which often means injuries go undetected;
hypoxia in the wound, due to insufficient perfusion and
angiogenesis leads to reduced tissue oxygenation and
nutrient supply, which can alter the immune response and
damage tissue4; and high levels of glucose that can also alter
immune cells and other functions in the wound.
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In a healthy person, skin repair is a highly regulated
process consisting of four consecutive phases: haemostasis,
inflammation, proliferation and maturation that leads to
wound closure (Figure 1)3. In the first phase, blood loss is
limited by vasoconstriction and clot formation, and platelet
degranulation releases cytokines and growth factors such
as platelet-derived growth factor (PDGF) that initiate the
inflammatory phase5. Neutrophils are recruited and their levels
peak around 24–48 hours post injury. They remove dead
cells, debris and pathogens in the wound, then go through a
process of programmed cell death, known as apoptosis, to
leave apoptotic bodies that are later efferocytosed (eaten) by
macrophages5. Mediators released from these cells, and the
injured environment, recruit monocytes from the circulation
that differentiate into macrophages en route or at the site of
injury. Macrophages remove the spent neutrophils, remaining
debris and pathogens. They also regulate wound healing by
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Figure 1: The inflammatory phase
of wound healing is dysregulated
in chronic wounds and can last
from weeks to years. Wound
healing consists of four overlapping
phases: haemostasis, inflammation,
proliferation and remodelling. The
inflammatory phase is regulated by
a number of innate immune cells
including neutrophils, monocytes
and macrophages. In a chronic
wound, these cells are altered and
persist in the wound to increase
inflammation, which inhibits wound
closure.
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CD16 expression. Patients with type 2 diabetes have an
characterised by a sustained and increased inflammatory
increased number of CD14++CD16− inflammatory monocytes
phase (Figure 2), hypoxia, increased proteolytic activity
in their circulation8,9. These monocytes have enhanced
that reduces the deposition of ECM components, and
inflammosome activation, which can lead to increased
a reduced proliferative phase. Collectively, these oftensecretion of pro-inflammatory IL-1β and reactive oxygen
interlinking factors contribute to the chronicity of wounds.
species (ROS). ROS damages DNA and inhibit bacterial
It is now well established that the high levels of glucose in
oxidative phosphorylation; however, excessive ROS in the
diabetic patients alters the immune system in numerous
local environment can increase inflammation and tissue
ways. This dysregulation directly increases and sustains the
damage. These same inflammatory monocytes that release
inflammatory phase, which prevents wound healing (Figure 1).
pro-inflammatory cytokines such as TNF and IL-6 are also
found in type I diabetic patients. Thus, glucose activation
Neutrophils, the first immune cells recruited, help clear
of these monocytes means they are pre-primed to increase
wounds of pathogens. One way they do is this is through a
inflammation when they arrive at an injury in the diabetic
process known as NETosis, where these cells release into
patients.
the local environment neutrophil extracellular traps (NETs)
The macrophages that differentiate from these glucoseformed from their decondensed chromatin. These NETs are
activated inflammatory monocytes have a defect in their
lined with cytotoxic proteins and destructive enzymes that
ability to efferocytose dead neutrophils10. Efferocytosis by
aid in the killing of pathogens. However, these NETs with their
healthy (non-glucose activated) macrophages acts as a
destructive proteins can impair wound healing and the levels
switch for the cell to change from a pro-inflammatory
in wounds need to be finely regulated so as not to cause
M1 macrophage to the anti-inflammatory M2 reparative
extensive tissue damage and exacerbate inflammation.
macrophage that secretes anti-inflammatory cytokines, such
Neutrophils taken from both type 1 and 2 diabetic patients
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Figure 2: Diabetic chronic wounds
contain innate immune cells with
altered inflammatory functions.

TGFβ. Within diabetic wounds the levels of MMPs, and their
endogenous inhibitors, are altered, with high MMP activity
thought to keep the wounds in an inflammatory stage14,15.
High levels are often a predictor of poor wound healing, with
the wound fluid from patients that heal with best practice
treatment showing a reduction in MMP9 as they heal, while
MMP9 levels remain high in those that don’t heal14,15. These
MMPs are secreted by M1 macrophages and neutrophils
in the wound. Thus, the high level of M1 pro-inflammatory
macrophages in diabetic ulcers leads to excessive damage,
which, in turn, attracts more immune cells and the cycle of
inflammation and damage continues.

as IL-1011. This switches off inflammation, leading to the
conclusion of the inflammatory phase, allowing the later
phases of the repair process to be completed. Mouse studies
show that blocking the switch from M1 to M2 lengthens the
inflammatory stage, suggesting defects in this switch might
contribute to the excessive and prolonged inflammation
found in chronic wounds12. In patients, approximately 80%
of the cells found at the wound margin of diabetic ulcers
are M1 pro-inflammatory macrophages, suggesting that
this glucose-induced disruption of efferocytosis favours
M1 pro-inflammatory macrophage phenotypes persisting in
the wound13. Inflammatory macrophages secrete a range of
proteins including pro-inflammatory cytokines, such as TNF
and IL-6, as well as iNOS into the wound5. High levels of
these proteins then act as chemoattractants and can cause
damage to the local tissue, leading to more immune cell
recruitment, thus increasing and perpetuating inflammation
within the wound.

In addition to the altered cells and molecules that are secreted
in the wound environment these ulcers often exhibit high
levels of hypoxia due to the disruptions in the vasculature
around the wound reducing oxygen delivery. Hypoxiainducible factor-1 (HIF-1) is a transcription factor responsible
for the upregulation of genes, such as vascular endothelial
growth factor (VEGF), that regulate the formation of new
blood vessels (angiogenesis) to oxygenate the wound16.
It also transcriptionally upregulates a plethora of genes
that promote repair, such as transforming growth factor-β1
(TGF-β1), insulin-like growth factor 2 (IGF-2), type I collagen
and fibronectin17. HIF-1 is normally continuously degraded

M1 macrophages also secrete enzymes, such as matrix
metalloproteinases (MMPs), which help clear damaged ECM
components and play a role in remodelling the ECM. The
ECM acts a scaffold for new cells to populate the wound and
its loss impedes wound closure. These proteases also cleave
other proteins that regulate the repair process, such as
Wound Practice and Research
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but under conditions of hypoxia it is stabilised, active and
promotes cell migration, cell survival, proliferation, growth
factor release, and matrix synthesis18. Hyperglycaemia leads
to HIF-1α destabilisation and functional repression, which
inhibits HIF-1 signalling16. An imbalance in HIF-1 signalling
results in impaired angiogenesis, with reduced levels of
VEGF, angiopoietin 2, and fibroblast growth factor-2 (FGF-2)
transcription, ultimately leading to delayed wound healing17.
Endothelial progenitor cell motility is also reduced by
impaired HIF-1 signalling, which contributes to the disrupted
neovascularisation17. Fibroblasts extracted from diabetic
patients do not upregulate VEGF in response to hypoxia
due to glucose modifying the HIF-1α coactivator p30019.
Diabetic mouse models show this prevents the upregulation
of key repair genes such as heat shock protein 90 (HSP-90),
VEGF-A and VEGF-R119. HIF-1 also regulates the expression
of laminin-332 and so reduced HIF-1 signalling reduces its
levels, which impairs the migration of keratinocytes and
would impact on wound closure17.
Collectively, the alterations that diabetes imposes on the
wound healing process promotes wound chronicity. Though
the standard care for diabetic foot ulcers has improved
immensely, approximately 10–15% of ulcers will remain
active and 5–24% will lead to limb amputation, highlighting
a need for target therapies to be developed/used in
combination with good wound practice20. Our understanding
of the key growth factors, cytokines and other mediators that
regulate, or are secreted by cells in the wound environment,
and impede wound healing has also greatly improved.
This has led to the development of targeted therapies for
chronic ulcers including anti-cytokine antibodies, autologous
growth factors, recombinant growth factors and cell-based
therapies21.
A number of different growth factors have been trialled on
diabetic foot ulcers including PDGF, granulocyte colonystimulating factor (GC-SF), transforming growth factor
(TGF), ﬁbroblast growth factor (FGF), vascular endothelial
growth factor (VEGF), insulin-like growth factor (IGF), and
keratinocyte growth factor (KGF)22. A Cochrane systematic
review of 28 randomised controlled trials (RTCs) using
growth factors showed that there is insufficient evidence to
recommend or refute the use of growth factors in treating
diabetic foot ulcers22. This mainly seems due to the design
of the clinical trials, inherent biases and lack of data in some
areas such as amputations, mortality and quality of life to
complete the picture.
Becaplermin (Regranex) is a recombinant human-PDGF
approved in 1997 to treat diabetic foot ulcers that have a
good enough blood supply and extend into the subcutaneous
tissue or beyond. In RCTs it has been shown to accelerate
diabetic wound closure, although it does not perform so
well on venous ulcers21. It also has few limitations in that
it is costly, requires frequent dressing changes that would
interrupt standard limb compression therapy and there is an
increased risk of malignancy when more than three tubes
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of Becaplermin are used on a patient. This could be altered
by redesigning a delivery system that requires less growth
factor and that could provide slow release so dressings are
not changed as frequently. Recombinant bFGF has also been
trialled on diabetic foot ulcers with variable results; one study
showed no effect and another showing a significant effect21.
Whether this is due to the grade of wound and concentration
of recombinant bFGF used is unclear. Larger RCTs would
need to be completed to answer these questions and as to
whether they will help improve wound healing. Topical VEGF
(Telbermin) underwent phase I and II trials but gave negative
results and so has not progressed to the clinic. The variability
in the results with growth factors suggest we may need
greater understanding of the repair process to better target
factors that might benefit wound healing and that better
designed RCTs are needed when trialling these factors.

VENOUS AND ARTERIAL ULCERS
Often venous and arterial leg ulcers are classified together as
they both result from insufficient blood flow, with venous leg
ulcers being the most common ulcers23. Venous ulcers form
in patients with sustained venous hypertension, attributed to
chronic venous insufficiency (CVI) due to defective valves in
the legs24. Arterial ulceration is less prevalent and patients
have a reduced arterial supply to the lower extremities due
to diseases such as atherosclerosis and vasculitis24. Of
patients with chronic venous ulcers, 15–30% are classified
as having mixed venous and arterial ulcers25. Venous and
arterial ulcers, like diabetic ulcers, are often hypoxic, have
high levels of inflammation with large numbers of M1 proinflammatory macrophages, and high levels of degradative
enzymes26.
Chronic venous disease patients present with deep and
superficial lower limb vein hypertension, which leads to
oedema, the extravasation of macromolecules and red
blood cells, leading to an excessive deposition of iron
into the dermis. Their endothelial walls are altered due
to inflammation and have increased levels of ICAM-1, an
adhesion molecule involved in the recruitment of immune
cells to tissue, which promotes inflammation27. Oedema
and fibrosis impede oxygen diffusion and the supply of
growth factors and nutrients into tissue and wounds. At
a cellular level, chronic low levels of inflammation lead to
both neutrophils and macrophages being activated prior
to their entering a wound. Macrophages phagocytose the
red blood cells that have leaked into tissue and so become
iron-overloaded28. Mouse models of iron-overloaded wounds
show that the immune cell composition at five days post
injury is predominantly a pro-inflammatory M1 macrophage
with an intermediate M2 macrophage phenotype that is still
producing pro-inflammatory cytokines13. These wounds, like
their diabetic counterparts, have high levels of some MMPs,
including MMP2 and MMP9, that would contribute to the
destruction of the ECM and prevent wound closure. All of
these factors support delayed healing and contribute to the
chronicity of wounds. With arterial diseases, a prolonged
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reduction in arterial supply can lead to tissue ischaemia
and necrosis. Occlusions within the limb arteries leads to
structural and functional changes in microcirculation and
inflammation, which can similarly alter wound healing29.

death) is increased in these wounds, along with increased
inflammation36. Whether the pressure injury is altering the
immune cell phenotype in these wounds, similar to other
wound types, is yet to be determined and it will be interesting
to see whether similar changes occur as seen in the other
types of chronic wounds.

Like with diabetic ulcers growth factors have also been trialled
clinically to determine whether they might improve wound
closure rates. For example, recombinant KGF (Repifermin)
and recombinant PDGF (Becaplermin) have been tested but
have provide mixed results21. However, high levels of the
pro-inflammatory cytokine TNF have been shown, in multiple
types of chronic wounds types including venous and arterial
ulcers, to impede wound healing, making it a good target
for therapy30,31. Pentoxifylline is a prostaglandin inhibitor
known to have anti-TNFα properties. A meta-analysis of 12
randomised controlled studies showed that pentoxifylline is
more effective than placebo (with or without compression),
suggesting it might be of benefit to these patients32. The role
of TNF in promoting inflammation in many diseases has also
led to a number of good anti-TNF therapies that are in use in
the clinic for other diseases, such as anti-TNF antibodies like
infliximab and adalimumab30,31. In a pilot study, it was found
that of 14 hard-to-heal ulcers (8 patients) given infliximab
topically 5 healed, and 4 were reduced by more than 75%
in size30,31. The wounds were of mixed aetiology, with CVI
being the most prominent factor30,31. In a separate study,
but this time treating with adalimumab, 4 of 5 patients with
hard-to-heal venous leg ulcers showed an average reduction
of 20.5% ± 6.4% wound size at 4 weeks30,31. These results
suggest that targeting TNF might be beneficial, but they
should be evaluated more thoroughly using well-designed
RCTs.

Again, growth factors have been trialled on these chronic
wounds. For example, recombinant bFGF has been use in
at least two RCTs and found to be promising in terms of
improving wound closure21. What all of the studies on growth
factors and cytokines in the different types of ulcers tell us is
that more work is needed to understand what is dysregulated
in these wounds and how we might improve wound healing.

THE CONTRIBUTION OF WOUND INFECTION
TO WOUND CHRONICITY
One of the inevitable consequences of skin injury is the
exposure to the skin microbiome. The wound environment is
ideal for bacterial proliferation as it is warm, moist, provides
nutrition from wound exudate and, in the case of diabetes,
is high in glucose37. Our immune system is typically good
at clearing pathogens from the wound, as is seen with the
majority of acute wounds. However, in combination with other
factors, such as reduced vascular supply and alterations in
the host immune function, bacterial colonisation is more
likely to occur and contribute to the chronicity of wounds.
Whilst colonisation is inevitable, infection is often dependent
on a host response38. Chronic wound bacteria are 10 times
more likely to form biofilms compared to acute wound
bacteria39. These biofilms are harder to treat and are 500
times more likely to be resistant to antibiotics38. Due to
the limited ability to culture anaerobic organisms, bacterial
profiling has been variable within chronic wounds, although
with methods like deep sequencing this is beginning to
change. Despite the varying profiles, S. aureus is generally
considered a universal coloniser of the different types of
ulcers40. Interestingly, the skin microbiome of a diabetic
patient’s feet has increased numbers of S. aureus, decreased
numbers of Staphylococcus species, and increased bacterial
diversity compared to non-diabetic control feet41. Whilst
bacterial infection is not the sole factor in chronic wound
development, it may tip already compromised healing into a
state of chronicity. Infection promotes an influx of neutrophils
and monocytes into wounds and this leads to an increase
in secreted factors such as proteases, pro-inflammatory
cytokines and ROS that could contribute to wound chronicity,
depleting growth factor availability42,43.

PRESSURE ULCERS
Unrelieved pressure, and/or the repeated shearing of tissue
can result in microvascular ischaemia, causing damage to
the underlying tissue and pressure ulcers33. When blood and
lymphatic flow are occluded, waste products and proteins
accumulate in the local tissue34. At a cellular level, much less is
known about these wounds. Animal models of pressure show
the up-regulation of genes involving apoptosis (programmed
cell death), inflammation, oxidative stress, proteolysis and
hypoxia35. Pro-inflammatory genes are upregulated at these
sites of prolonged pressure, including IL-1β, and IL-6, and
it is thought that, similar to other ulcer types, continuous
local inflammation contributes to ulcer formation35. Stage III
and IV patient chronic pressure ulcers show that, like other
types of ulcers, these wounds have increased inflammatory
cell infiltration36. Although macrophage phenotypes have
not been looked at in these ulcers, the increased levels of
IL-1β and TNF-α compared with acute wounds and normal
skin suggest they are predominantly pro-inflammatory M1
macrophages36. Factors involved in processes such as
angiogenesis for example, VEGF and bFGF, together with
their receptors KDR and FGFR1, respectively, are also
significantly decreased36. Interestingly, caspase-3 is elevated
in these ulcers, suggesting that apoptosis (programmed cell
Wound Practice and Research

THE CONTRIBUTION OF SOCIAL CONTEXT TO
WOUND CHRONICITY
Alterations in cells and mediators such as cytokines and
growth factors in the wound, along with infection, are not
solely responsible for wound chronicity. Elements of a
patient’s social context have been identified as contributors
to delayed wound healing44-46. These are the occupation of
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the patient, access to health care services, nutritional habits
and fiscal resources, to name a few. It is beyond the scope
of this paper to discuss each, but a sample is provided.
To help focus the discussion, venous ulceration and the
accompanying CVI will be used as an example to highlight
the relationship to chronic wound healing.
When considering occupations, CVI is believed to be
higher in occupations that increase calf venous pressure.
Principally, the relationship between long periods of standing
and the prevalence and severity of the disease has been
examined47-55. Population studies have demonstrated an
association between standing and the prevalence of varicose
veins. Tuchsen et al.54 followed 1.6 million Danish workers for
a period of three years after their first hospital admission due
to varicose veins of the lower extremities. They concluded
that working in a standing position was associated with
subsequent hospitalisation for varicose veins. Abramson et
al.56 also found that prolonged standing contributed to the
development of varicose veins.
In contrast, the study undertaken by Maffei et al.57 in Brazil
found that working posture was not correlated with the
incidence of varicose veins or venous ulceration. Likewise,
Scott et al.51 who performed a multivariate analysis of
patients with venous ulcers and a control group in the
Boston area, found no significant association between
occupation and periods of standing on the prevalence of
venous ulceration. Clearly more research is needed, but the
two schools of thought mandate consideration be given to
occupation of the patient.
Links to dietary habits and chronic wounds have also been
cited. Cleave58 initially proposed that a relationship existed
between diet, specifically insufficient dietary fibre ('Western
diet’) and the prevalence of varicose veins. He asserted that
insufficient fibre led to constipation, which, in turn, increased
intra-abdominal pressures. Burkitt et al.59,60 supported this
position, citing the propensity of people from developing
countries to develop similar prevalence rates to those of their
adopted country. Fowkes et al.61 recorded subjects’ effort to
open their bowels, their dietary fibre intake and transit times
of faecal material within their bowel. Whilst they found an
increased prevalence of trunk varices in men reporting that
they had strained when opening their bowels, the findings
did not demonstrate any significant association between
fibre intake, faecal transit time and venous reflux.
In keeping with the influence of dietary habits on CVI,
additional studies have examined associations between
basal metabolic index and the prevalence of the disease.
A number of authors argue that obesity is associated with
CVI56,59,62-66. Danielsson et al.64, using a convenience sample,
attended a Hawaiian hospital and investigated the impact
that being overweight had on the severity of CVI. Subjects
were classified as overweight (body mass index [BMI]
>25 kg/m2) or obese (BMI >30 kg/m2) and were examined for
clinical signs of CVI and the degree of venous reflux. They
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concluded that overweight patients were more likely to have
skin changes and ulceration than patients with a BMI of less
than 25 kg/m2. This was regardless of the amount of venous
reflux present. Siedell et al.67 undertook a retrospective cohort
study to examine the influence that being overweight had
on chronic illness amongst patients attending four general
practices in the Netherlands. They found that moderately
overweight women were more likely to have varicose veins
than normal weight women, and that obese women were
three times more likely to have varicose veins. Abramson et
al.56 examined a community in Western Jerusalem in an effort
to identify factors associated with CVI. They found that the
prevalence of varicose veins was 1.4 times higher amongst
women than men and attributed this finding to the number
of women in the study that were classified as overweight. As
the problem of obesity continues to increase, the correlation
between weight and delayed healing cannot be overlooked.
An association between social class and the duration
and recurrence of leg ulcers is a common theme in the
literature46,68-72. Many patients lived alone and had limited
fiscal resources for purchasing care and the required nutrition
to facilitate healing. Equally, they were unable to purchase
preventative equipment such as compression hosiery, to
reduce the risk of recurrence.
Phillips et al.71 found that 67% of participants stated that
the presence of their leg ulcer impacted negatively on their
financial situation. The main sources of expense identified
were the cost of medical care, dressings and transportation.
In over 30% of cases, these expenses were estimated to
be between $101 and $1000 per annum. A further 8% of
participants estimated out-of-pocket expenses to be greater
than $1000 per annum.
A study conducted by Smith and McGuiness73 in Australia
in 2006 identified that participants spent on average a
total of $114 per month on the treatment and management
of their ulcer, resulting in a personal cost of $1368 per
annum. Sixty per cent of the costs incurred were for primary
dressing products, with secondary dressing products
(bandages, tapes), medications and transport accounting
for the reminder of the expenditure. As the average age
of participants in this study was 73.4 years, it could be
assumed that the majority of participants in this study were
financially supported by government pensions. Considering
the average weekly income from aged pensions at that time
was $206 (Australian Bureau of Statistics), the researchers
concluded that it was likely that approximately 14% ($28)
of participants’ total weekly income was being spent on
the treatment and management of their leg ulcer. Kapp and
Santamaria74 found similar financial impost on patient fiscal
resources. Participants had spent on average A$2475 on
wound products and A$121.82 in the most recent 28 days,
representing 10% of their disposable income.
Time off work is commonly explored by researchers. Although
a higher prevalence of ulceration is found in patients over
Volume 26 Number 1 – March 2018
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CONCLUSION

the age of retirement, significant correlations were found
between time lost from work, unemployment and impost on
financial resources, and having a venous ulcer68,71,72. Inability
to work or retain employment was associated with feelings of
anger, resentment and associated depression.

Limiting the progression of acute wounds to chronic wounds
requires a greater understanding of the healing process,
new targeted therapies and the clinician to be vigilant on
multiple fronts. Understanding and minimising the impact
of underlying pathology, local infection, social constraints,
and psychological outlook requires research, education and
experience. This can only be achieved with financial support
from government and private corporations. Researchers
and health care professionals must continue to lobby for
the allocation of such resources or be faced with an everincreasing healing time and patient dissatisfaction.

It would be reasonable to expect that subsidisation of product
would help to prevent wound chronicity. However, in an early
study, Kapp at el.46 found no substantial improvement in the
healing of venous leg ulcers when products were supplied.
They did find that participants were significantly more likely
to receive required medical footwear. A finding similar to
the outcomes achieved by high-risk foot clinics for patients
with diabetic foot ulcers75. More research is needed into
subsidisation and the impact the financial stress has on a
patient, but the contribution to delaying healing cannot be
ignored.
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