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Wound assessment is complex and requires a range of clinical skills and 
knowledge. It has never been more important to challenge current 
assessment paradigms and extend our understanding of wound 
assessment beyond the wound edge. 
It is vital that wound assessment is comprehensive, systematic 

and evidence-based. It should provide baseline information against which healthcare 
practitioners can detail and record the current status of the wound, set realistic treatment 
goals and monitor progress over time using appropriate interventions. 

New treatments for chronic wounds have led to improvements in wound management 
and in the quality of assistance provided by medical and paramedical staff, but wound 
monitoring methodologies have not kept pace with this progress. 
Therefore, the study of wound healing pathophysiology and the development of new tools 
for the monitoring of the healing process may represent a possible optimisation of the 
treatment efficacy for these lesions.

The Triangle of Wound Assessment model enables evaluation of the wound bed, wound 
edge and periwound skin in the context of holistic patient care. Focusing on the skin beyond 
the edge to include the periwound skin advances the concept of wound bed preparation 
(TIME) by facilitating early identification of at-risk patients ensuring that appropriate 
prevention and treatment strategies are implemented to improve patient outcomes. 

An understanding of the factors affecting periwound skin, including maceration, 
excoriation and increased risk of infection, is fundamental in developing new and better 
interventions that not only improve clinical decision making but meet the needs of 
patients living with a wound. 

The Triangle of Wound Assessment provides a simple and intuitive framework for the 
consistent inclusion of periwound skin into wound assessment. This Position Document 
details how the Triangle of Wound Assessment can be used to assess all wound types 
and exemplifies how it can be implemented in the management of venous leg ulcers 
and diabetic foot ulcers. Used effectively, the Triangle of Wound Assessment has the 
potential to enable healthcare professionals to improve patient outcomes and ensure 
more appropriate use of healthcare resources.

Marco Romanelli
Professor and Chairman, Department of 
Dermatology, University of Pisa, Italy
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G
lobally, the demand for healthcare resources continues to grow as the 
demographics of the population change, long-term conditions become 
more prevalent, patient expectations rise and medical technology advances. 
Associated with this is a projected rise in the number of people with chronic 
wounds. A UK model for projecting future demand indicates a year-on-year 

increase in resource requirements of 1%–2% for wound care services. This UK model predicts 
that in 2019, the annual cost of providing wound care services could rise by over £200m (at 
2012/13  UK prices) when compared with 2014[1]. The impact of a wound on the patient is 
significant with patients reporting pain, a reduced quality of life and social isolation[2]. 

In order to promote optimal wound healing and to reduce the impact of chronic wounds 
on the health economy, clinicians need tools and education that facilitate accurate and 
comprehensive wound assessment and evidence-based wound management. 

The majority (79%) of patients in Europe with chronic wounds are managed in the 
community[3] and it is usual for their first assessment to be undertaken by a generalist 
practitioner, such as a community nurse. This assessment needs to be reliable and accurate 
to ensure the correct treatment pathway and early referral to a specialist service where 
appropriate. Assessing a patient with a wound requires a range of clinical skills and knowledge 
to ensure an accurate diagnosis and an appropriate plan of care. The process should include a 
holistic patient assessment, as well as an assessment of the wound to determine the underlying 
cause, identify underlying conditions that may delay healing, and to determine appropriate 
topical therapy based on the status of the wound bed, wound edge and periwound skin. 

There are many wound assessment tools currently available; however, evidence suggests that 
many patients are still not receiving comprehensive and knowledgeable wound assessment, 
which can result in delayed or inappropriate treatment and can prolong the negative impact of 
the wound on the individual. Inappropriate or inaccurate assessment can lead to delayed wound 
healing, pain, increased risk of infection, inappropriate use of wound dressings and a reduction in 
quality of life for patients[4].

A recent study of 14 wound assessment tools found that while each provided a framework 
to record certain parameters of wound status, none met all of the criteria for optimal wound 
assessment and many did not guide practice in terms of setting goals for healing, planning 
care and determining critical interventions[5]. For example, in one study 30% of the wounds 
had no diagnosis, i.e. the aetiologic factors had not been determined[6].

Furthermore, there is currently no easy-to-use validated assessment tool that integrates fully 
the assessment of the periwound skin together with that of the wound bed and wound edge. 
Assessment of the periwound skin as part of a full wound assessment is seen as integral by 
both healthcare professionals and patients[7]. 

PRIORITIES IN WOUND ASSESSMENT AND WOUND MANAGEMENT
Optimal wound management requires attention to three critical elements:  
n Determining aetiologic factors, followed by interventions to correct or ameliorate those factors 
n Assessing systemic factors affecting wound repair, with measures to optimise the repair process 
n Assessing the wound including wound edge and periwound skin status, as a basis for 

topical therapies to promote healing[8]. 

Looking beyond the wound edge with 
the Triangle of Wound Assessment
 

Caroline Dowsett,  
Nurse Consultant, Tissue 
Viability, East London 
Foundation Trust,  
London, UK and  
Dorothy Doughty,  
WOC Nurse Clinician,  
Emory University Hospital, 
Atlanta, GA, USA
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Identification and correction of aetiologic factors     
An essential ‘first step’ in wound management is to determine (and correct, if possible) 
causative factors. Failure to identify accurately and correct causative factors results in failure 
to heal due to a persistent ‘cycle of injury’. Thus a patient with a pressure ulcer must be placed 
on an appropriate pressure redistribution surface and a turning schedule[9]; a patient with a 
neuropathic ulcer requires an offloading device such as a total contact cast or removable cast 
walker[10,11] and a patient with a venous ulcer needs compression and elevation[12]. If aetiologic 
factors cannot be corrected, such as an arterial ulcer in a patient who is not a candidate for 
revascularisation, the goals of wound management must be altered to focus on stabilisation 
and symptom management rather than healing. Major clues as to aetiologic factors include 
location, wound contours and depth, and patient history (Table 1).  

Systemic factors affecting healing    
Wound healing is a systemic phenomenon that requires adequate perfusion and oxygenation, 
sufficient protein stores and energy intake to support anabolism, acceptable glycaemic levels, 
overall host competence and absence of cytotoxic therapies[13]. This means that comprehensive 
wound management must include careful assessment of the individual’s overall health and 
factors that can impair healing, with attention to optimising the patient’s overall condition and 
eliminating impediments to repair[14].      

ASSESSMENT OF WOUND STATUS: THE TRIANGLE OF WOUND ASSESSMENT
The Triangle of Wound Assessment is a new, intuitive wound assessment framework that 
integrates evaluation of periwound skin within wound assessment. It has been developed 
to facilitate an accurate and timely wound assessment in a simple and easy-to-use format 
that can be incorporated into any patient record system. 

It uses simple descriptors and images to aid the decision-making process and facilitate 
continuity of care. The concept was developed from a global anthropological study 
conducted in 2013–2014 with the aim of gaining a better understanding of the impact of  
a wound on the patient. 

“The Triangle of Wound 
Assessment is a new 
framework that integrates 
evaluation of the periwound 
skin within wound 
assessment”

Table 1:  Clues to wound aetiology

Wound 
aetiology

Typical location Characteristics Patient history

Pressure – Bony prominence
– Underneath 

medical device

– Usually round/oval (may be irregular if shear force involved)
– Full thickness ulcer or purple discolouration intact skin indicating 

ischaemic damage
– Tunnelling/undermining common
– Slough/eschar common

Immobility and inactivity
May have history of sliding  
down in bed 

Venous – Lower leg, typically 
around malleolus

– Shallow ulcer with red or red/yellow wound base
– Exudative
– Foot warm with good pulses and normal ABI (if no coexisting arterial    

disease)
– Periwound skin: oedema, haemosiderosis, venous dermatitis common
– May be painful; pain typically relieved by elevation
   

History of lower extremity venous 
disease (LEVD), or signs/symptoms 
of LEVD (e.g. varicose veins, lower 
extremity oedema)

Arterial – Toes/distal foot
– Non-healing 

lesions, initially 
caused by trauma 
to lower leg or foot

– Ulcers usually round, full-thickness, with pale or necrotic wound bed
– Minimal exudate
– Invasive infection common but signs subtle 
– Pain typically a major patient concern (usually partially relieved by rest 

and dependency)

History of peripheral arterial disease 
(lower extremity arterial disease); 
may have history of coronary artery 
disease, tobacco use, hypertension, 
hyperlipidaemia

Neuropathic – Plantar surface 
of foot (over 
metatarsal heads)

– Areas of foot in 
contact with shoe

– Ulcers usually round, full-thickness with red wound base (if no coexisting     
arterial disease)

– Usually exudative
– May or may not be painful
– Periwound skin: callus common (ulcer may be located beneath callus)

History of diabetes mellitus, Vitamin 
B12 deficiency, or other metabolic 
disease
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In total, 200 wound care patients and healthcare 
professionals from the UK, Germany, Brazil and China 
were included in the study[7]. The study sought to 
observe the physical, social and cultural behaviours of 
patients with a wound and how it affected their daily 
life. It also explored everyday wound management 
practice. The results and conclusions from the study 
offer a new perspective on wound healing and were 
validated by a quantitative survey of 412 healthcare 
professionals and 104 patients.

A key finding from the study showed that professionals 
separated wounds into three distinct, yet interconnected 
zones: wound bed, wound edge and periwound skin. 

The wound bed, wound edge and periwound skin can be 
seen as three zones of a triangle, each with significant 
importance in wound healing (Figure 1)[15]. The wound 
bed is where practitioners seek to remove devitalised 
tissue, manage exudate, prevent infection and reduce 
inflammation and promote granulation tissue formation. 
At the edge of the wound, the aim is to reduce the barriers 
to healing by eliminating dead space, debriding thickened 
wound edges and improving exudate management. 
For the periwound skin the aim is to protect the skin 

surrounding the wound from maceration, excoriation, dry skin, hyperkeratosis, callus and 
eczema. From this study the concept of the Triangle of Wound Assessment was developed and 
has been incorporated into an assessment tool for use in practice (Figure 1).

This new approach extends our understanding of wound assessment “beyond the wound 
edge” and expands on the current model of wound bed preparation[14], which focuses 
primarily on tissue type, infection/inflammation, moisture balance and the wound edge 
(TIME)[14]. The model recognises that periwound skin problems are common and may 
influence wound healing considerably. Correct assessment and early diagnosis of problems 
at the wound bed, wound edge and the periwound skin are likely to lead to interventions 
that improve patient outcomes and reduce healing times. They are also likely to improve 
levels of engagement in patients who, despite having serious underlying conditions are 
often primarily concerned with their wound because of the impact it has on daily life. 
Patients are regularly frustrated by a lack of progress in wound healing and often look 
for ways to act on their condition. In some cases this involves inappropriate/misuse of 
ointments on the periwound skin which they deem less risky than the wound bed [7].  

While the Triangle of Wound Assessment is focused primarily on assessment of the wound 
bed, wound edge and periwound skin, its use is predicated on the assumption that the 
clinician has first determined and addressed aetiologic and systemic factors affecting wound 
repair. The Triangle of Wound Assessment should be used within the context of a holistic 
patient assessment, recognising the significant and individual impact that a wound has 
on the patient. This approach takes the clinician from the assessment process through to 
determining a suitable management plan focusing on the wound bed, the wound edge and the 
periwound skin, with the aim of facilitating healing or relieving symptoms associated with the 
wound. Assessment should include wound location, duration, underlying cause and wound 
measurements of length, width and depth at baseline and subsequent visits. 

WOUND BED
Assessment of the wound bed includes observing and recording the tissue type, levels of 
exudate and the presence or absence of local and/or systemic wound infection (Figure 2)[15].

Wound bed

Periwound skin

  Maceration
  Dehydration
  Undermining
  Rolled

Wound edge
  Maceration
  Excoriation
  Dry skin
  Hyperkeratosis
  Callus
  Eczema

 Tissue type
  Exudate 
  Infection

Wound

Figure 1 |  The Triangle of Wound Assessment. Adapted from[15]
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“The Triangle of Wound 
Assessment should be used 
within the context of a 
holistic patient assessment, 
recognising the significant and 
individual impact that a wound 
has on the patient”

The presence of slough or necrotic tissue in a wound has long been recognised as a barrier to 
assessment of the wound bed, as well as a barrier to wound healing. It also acts as a potential 
source of wound infection and therefore its removal has many benefits. Debridement has the 
benefit of removing non-vascularised tissue, bacteria and cells that impede the healing 
process, thus providing an environment that stimulates the development of healthy tissue[16]. 
The percentage reduction of necrotic and sloughy tissue provides information regarding the 
effectiveness of the debridement method selected and the progress in wound healing.

The Triangle of Wound Assessment provides four options in categorising the tissue in the 
wound bed: necrotic, sloughy, granulating and epithelialising. 

It should be noted that some wounds fail to progress to granulation despite removal of 
necrotic and sloughy tissue: these wounds typically present with a wound bed that is 
pink or red but not granulating[17]. It is critical to distinguish between a wound bed that 
is ‘viable but not granulating’ and a wound that is actively granulating, since the non-
granulating wound may require active intervention to promote healing (e.g. attention to 
perfusion, bacterial loads and nutritional status). 

In the event that a wound has been debrided of necrotic and sloughy tissue, but is not yet 
granulating, the clinician should enter ‘0%’ in each of the categories provided, and should 
make a note that the wound bed is viable but not granulating. This should prompt further 
investigation as to the reasons for failure to granulate (and appropriate interventions).

Excess exudate can delay or prevent wound healing, negatively impacting the patient and 
increasing the frequency of dressing change, which places great demands on resources. 
Exudate from chronic wounds has been shown to contain elevated levels of matrix 
metalloproteinases (MMPs) that prolong the inflammatory stage of wound healing and 
cause breakdown of the extracellular matrix[18]. In contrast, too little exudate can lead to 
an overly dry wound surface, which inhibits cellular activity and wound healing. It can also 
lead to eschar formation, which further inhibits repair[19].

Exudate Infection

Level Type

Dry  

Low   

Medium  

High  

Local

↑Pain or new onset  
Erythema 
Oedema  
Local warmth                 
↑ Exudate                            
Delayed healing           
Bleeding/friable 
granulation tissue       
Malodour                 
Pocketing            

Spreading/systemic

As for local, plus:
↑ Erythema                       
Pyrexia 
Abscess/pus                 
Wound breakdown 
Cellulitis                         
General malaise          
Raised WBC count      
Lymphangitis      

             Please tick

Necrotic   __% 

Sloughy  __%
 

Granulating   __%

Epithelialising  __%

Thin/watery   

Thick   

Cloudy   

Purulent   
(yellow/ 
brown/green)

Pink/red   

Record tissue types and % of tissue visible 
in the wound bed

Aim to remove non-viable tissue  
(e.g. reduce infection risk)

Protect and promote new tissue growth

Aim to treat cause (e.g. compression therapy) 
and manage moisture balance  

 (exception: dry gangrene)

Aim to identify infection
Manage bioburden to treat infection/

control odour

Record level and type  
(e.g. consistency and colour)

Record signs and symptoms. These may 
be aetiology specific

Tissue type

  Please tick all that apply                                                        Please tick all that apply

Record wound size:  length  __cm   width __cm     depth __cm                            Record wound location 

Figure 2 | Using the Triangle of Wound Assessment — wound bed
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The volume and the type of exudate should be assessed and recorded as this can provide useful 
information regarding both wound aetiology and presence or absence of infection. Thick, cloudy or 
purulent exudate may indicate infection as highlighted in the Triangle of Wound Assessment 
model. The exudate management capabilities of the dressing should be included in the assessment, 
as inappropriate selection can delay wound healing and increase frequency of dressing change.

Chronic wounds are often heavily colonised with bacteria, due to many factors such as prolonged 
duration, poor blood supply and underlying disease processes. Chronicity or stalled wound 
healing may be due to persistent inflammation and/or infection. The presence of biofilms may 
contribute to persistent inflammation and systemic debilitation, unless adequately disrupted and 
treated[20]. The signs and symptoms of infection may be subtle or non-specific and can vary by 
wound type. The microbial bioburden in a wound can range from contamination or colonisation 
to critical colonisation, and local and systemic infection if not controlled appropriately[21]. The 
Triangle of Wound Assessment model alerts the clinician to symptoms associated with local and 
spreading infection to ensure an accurate and timely assessment, and appropriate intervention.

WOUND EDGE
Assessment of the wound edge can provide valuable information on wound progression and the 
effectiveness of the current management plan. It is a concept that is often poorly understood and 
applied in practice. Epithelial edge advancement is a good indication of healing and is seen as a 
reliable predictive indicator of wound healing. 

Observations of the wound edge can provide us with valuable insights about potential problems 
that need to be addressed. Common problems include maceration (the mechanisms of which are 
described in detail in the next section), dehydration, undermining and rolled edges (Figure 3)[15]. 
Dehydrated skin at the wound edge can delay healing; without moisture, cellular development 
and migration needed for new tissue growth are impaired. In addition, it can reduce blood flow 
starving the wound bed of the white blood cells needed to protect against infection. Similarly, 
rolled edges, which can present in wounds with inflammatory origin (e.g. pyoderma gangensum), 
can result in poor healing outcomes if not addressed appropriately. Where undermining is 
present, the Triangle of Wound Assessment encourages the clinician to record the degree and 
location of undermining using a probe and clock to illustrate position (Figure 3). Some wounds 
may have more than one type of wound edge problem requiring a range of interventions.

Recognising early wound size reduction by measuring advancement of the wound edge, the 
so-called ‘wound edge effect’, has been shown to be a useful general measure of wound healing 

Please tick all that apply

Maceration Dehydration Undermining Rolled edges

Assess edge of the wound for moisture level 

Aim to establish cause and correct
Address patient concerns

Refer to specialist

Aim to reduce the amount of undermining/
allow the edge to reattach (e.g. stimulate 

granulation). Refer to specialist 

Aim to return the wound edge to a condition 
that will permit epithethial advancement

Refer to specialist 

Assess edge of the wound for 
moisture level 

Use clock positions to record position
Record extent of undermining

extent ____cm          

Assess amount of rolling (may be 
associated with thickening)

Aim to establish cause and correct 
(e.g. rehydrate)

Refer to specialist

               

Figure 3 | Using the Triangle of Wound Assessment — wound edge
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outcomes in different wound types. Philips et al[22] found that in 77% of patients with venous leg 
ulcers, healing outcomes could be predicted based on a wound size reduction of more than 44% at 
three weeks. It is therefore important to measure the wound at baseline and at frequent intervals to 
map progress over time (as shown in Figure 2).

PERIWOUND SKIN
Damaged or unhealthy periwound skin is a significant problem in chronic wounds[23]; it needs to be 
explored and its relevance to wound progression considered within wound healing practice.
The periwound area has been defined previously as the area of skin extending to 4cm beyond the 
wound edge[24] but may include any skin under the dressing or even further in certain cases[15]. It is 
important to demarcate this area from the existing wound and reduce the likelihood of skin breakdown 
by protecting it from exudate, avoiding damage to the periwound skin or preventing further damage[14]. 

Periwound skin damage can result in protracted healing times, and can lead to pain and discomfort 
for the patient, adversely impacting their quality of life[25]. One study found that 70% of patients 
had periwound skin that could be characterised as dry, macerated, excoriated or inflamed[26]. 
The most common problems seen in clinical practice are associated with exudate and the term 
‘periwound moisture-associated skin damage’ is used to describe erythema and inflammation of 
the skin within 4cm of the wound edge[24,27]. 

Factors that increase the risk of periwound skin damage include:
n   The amount of exudate and presence of heparin-binding proteins
n   Bacteria and associated toxins
n   Histamine produced by specific bacteria
n   Proteolytic enzymes, such as matrix metalloproteinases (MMPs)
n   Inflammatory cytokines (interleukin-1) in the wound exudate[28]. 

When periwound skin is first exposed to exudate, the stratum corneum absorbs the fluid and 
swells. The increased moisture saturates the lower layers of the epidermis and increases the risk of 
maceration. This reduction in skin barrier function results in increased transepidermal water loss, 
leading to dryness of the skin due to a decrease in surface lipids. The patient is subsequently at 
increased risk of contact dermatitis. 

Exudate aids the healing process of acute wounds, but in chronic wounds increased levels of 
protease can inhibit healing by damaging the wound bed, wound edge and periwound skin[19]. 
Overhydrated skin can be slow to heal and has increased risk of infection, friction and skin damage, 
all of which can lead to wound enlargement[29]. Exudate impacts the pH of the periwound skin and 
when it is poorly managed the subsequent change in acid mantle alters the bacterial balance/flora 
of the skin, reducing the balance needed for optimal healing.

While assessment of exudate (Figure 2) can offer valuable insight into the potential for periwound 
skin damage, it does not provide the full details necessary to inform management. Assessment 
in the first instance should aim to identify those patients at increased risk of periwound damage 
to ensure preventative measures are put in place to reduce the risk of damage[25]. As with wound 
bed and wound edge, accurate assessment of the periwound skin is essential for effective wound 
management and treatment. The Triangle of Wound Assessment tool provides useful images to 
facilitate differentiation of maceration, excoriation, dry skin, hyperkeratosis, callus and eczema as 
each issue will require a specific treatment plan (Figure 4, page 10)[15].

Maceration and excoriation are often used interchangeably when describing periwound 
damage. Maceration is the softening and breakdown of the skin; the result of prolonged 
exposure to moisture and wound exudate. It can also prevent cell migration across the surface 
of the wound and cause pain and discomfort for the patient. Excoriation on the other hand is 
an injury to the surface of the body caused by trauma, e.g. scratching, abrasion or chemical/
thermal burn. Trauma can also be caused by repeated application and removal of adhesive 
tapes and dressings.
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Other wounds have dehydrated skin caused by dryness and/or hyperkeratosis. Patients 
with venous leg ulcers often have lipodermatosclerosis, hyperpigmentation and dry skin in 
the periwound area, including callus and eczema. 

DEVISING A MANAGEMENT PLAN
Using the Triangle of Wound Assessment encourages the clinician to identify barriers 
to wound healing at the wound bed, wound edge and periwound skin, and to develop a 
plan of care (Figure 5) to address these problems, which may include removal of non-
viable tissue, management of excess exudate, protection of granulation tissue and skin 
protection and rehydration. Patients should be included in setting treatment goals — it helps 
to ensure that their concerns are addressed and they feel more in control. 

Figure 5 |  Using the Triangle of Wound Assessment — devising a management plan

Wound bed

Periwound skin

n  Manage exudate (e.g. select causal 
treatment — compression therapy/
appropriate dressing)                                                        

n Rehydrate wound edge  (e.g. barrier cream)                                     
n Remove non-viable tissue (debridement)
n Protect granulation/epithelial tissue (e.g. 

non-adherent dressing)

Wound edge

n  Manage exudate (e.g. select causal treatment 
— compression therapy/appropriate 
dressing)                           

n Protect skin (e.g. barrier product/atraumatic 
dressings, avoid allergens)                                         

n Rehydrate skin (e.g. emollients)                     
n  Remove non-viable tissue (debridement)  

n  Remove non-viable tissue (debridement)           
n Manage exudate  (e.g. select causal 

treatment — compression therapy/
appropriate dressing)              

n Manage bacterial burden (e.g. antimicrobials)   
n Rehydrate wound bed  (e.g. hydrogel)                                                         
n Protect granulation/epithelial tissue  

(e.g. non-adherent dressing)

Accurate and timely wound 
assessment is important to 
ensure correct diagnosis and 
for developing a plan of care to 
address patient, wound and skin  
problems that impact healing.

Identify treatment goal, e.g. 
100% granulation tissue/
healed wound.  If no signs of 
improvement after 2–4 weeks, 
review treatment plan/refer to 
specialist

 Is the wound:  
 Deteriorating   
 Static     
 Improving            
 First visit?    

Maceration

Please tick all that apply

Excoriation Dry skin Hyperkeratosis Callus

Aim to protect periwound area and maintain intact healthy skin
Establish cause and correct, e.g. minimise contact with moisture or 

rehydrate periwound skin

Aim to remove callus and
offload to prevent 

recurrence 

Aim to relieve 
symptoms and
avoid allergens

Assess periwound skin and record extent of any problems, e.g. 1–4cm of the wound edge

Eczema

   __– __cm        __ –__cm        __ –__cm        __– __cm        __ –__cm        __ –__ cm

Aim to remove  
hyperkeratotic skin 

plaques and rehydrate

Figure 4 | Using the Triangle of Wound Assessment — periwound skin
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CONCLUSION
The development of an intuitive wound assessment tool that goes beyond the wound edge 
to include the periwound skin extends the opportunity for improved decision-making. 
It further advances the concept of wound bed preparation (TIME) by facilitating early 
identification of patients at risk of, or with periwound skin problems. The Triangle of 
Wound Assessment can be used to assess all wound types including pressure ulcers, leg 
ulcers, diabetic foot wounds and any other chronic wounds. Used effectively it offers the 
opportunity to improve patient outcomes and ensure more appropriate use of healthcare 
resources. It provides a simple framework for the consistent inclusion of periwound skin 
into wound assessment.
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V
enous leg ulcers (VLUs) pose significant challenges to patients and 
healthcare systems; they are costly to the patient and to the health 
economy. About 1% of the western population will suffer from a VLU 
during their lifetime[1]. Patients report that having a VLU has a negative 
impact on all aspects of daily living and may cause depression, anxiety, 

pain and restricted mobility[2].

Prevalence of VLUs increases with age, and as the elderly population continues to grow, the 
challenge of managing patients with VLUs will continue. Despite guidelines on best practice, 
average healing rates for patients with VLUs remain between 45% and 70% at six months 
with many patients not receiving the gold standard treatment of compression[3].

Appropriate wound assessment can help in the treatment and management of VLUs. 
Wound assessment should be comprehensive, systematic and evidence-based giving 
healthcare practitioners information against which they can establish the current status 
of the wound, set realistic treatment milestones and monitor progress of appropriate 
interventions. Optimising wound management means focusing on assessment and 
treatment beyond the wound edge to include the periwound skin. Thorough and  
accurate assessment of a wound is critical to improving patient outcomes and improving 
quality of life.

As a framework the Triangle of Wound Assessment extends the current concepts of wound 
bed preparation and TIME beyond the wound edge to provide a guide to optimising wound 
management. The division of the wound into three zones[4] — wound bed, wound edge and 
periwound skin — enables clinicians to assess thoroughly and accurately a VLU within the 
context of holistic patient assessment and treatment of the underlying venous insufficiency 
with compression therapy. 

The aim is to gain an overview of the patient’s medical condition; the cause, duration and 
status of the wound, along with other factors that may slow or prevent healing[5,6,7] including;
n Comorbidities, e.g. diabetes, cardiovascular disease, respiratory disease,  

venous/arterial disease, malignancy
n Medications, e.g. corticosteroids, anticoagulants, immunosuppressants, 

chemotherapeutic agents, NSAIDs
n Systemic or local infection (e.g. osteomyelitis)
n Reduced oxygenation and tissue perfusion
n Increased age
n Pain
n Poor nutrition and hydration
n Lifestyle factors, e.g. high alcohol intake, smoking, obesity.

Recent Best Practice Guidelines on simplifying VLU management [3] suggest a pathway 
approach to assessment to determine if they are simple or complex. This approach helps to 
determine the prognosis and the correct interventions for improving patient outcomes[3].

Using the Triangle of Wound Assessment 
in the management of VLUs

Caroline Dowsett,  
Nurse Consultant, 
Tissue Viability, East 
London Foundation Trust, 
London, UK and Patricia 
Senet, Department of 
Dermatology, Unit of 
Dermatology and Vascular 
Medicine Hôpitaux 
Universitaires Paris Est (AP-
HP), Paris, France
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THE TRIANGLE OF WOUND ASSESSMENT IN VLU MANAGEMENT
The Triangle of Wound Assessment has the potential to support and improve assessment of 
VLUs as it can: aid differential diagnosis; establish the correct pathway for the patient i.e. 
simple or complex VLU pathway and identify local problems at the wound bed, wound edge 
and periwound skin that may negatively impact on wound healing i.e. infection or maceration.

The periwound skin must be assessed for signs of high levels of exudate, maceration and 
excoriation. Patients with VLUs often have lipodermatosclerosis, hyperpigmentation and dry 
skin in the periwound area[18]. As a result skin becomes thin and is easily damaged.

The three distinct zones of a wound — the wound bed, wound edge and periwound skin — 
call for different approaches in assessment and treatment of any wound (Figure 1). The 
Triangle of Wound Assessment combined with best practice guidelines on VLU management 
has the potential to improve patient outcomes, reduce time to healing and ensure those 
patients with complex aetiologies are referred to the most appropriate specialist (Figure 2). 

Physiopathology of VLUs 

The mechanisms that impair wound healing in VLUs are complex and include comorbidities, 
and local and systemic factors. The Triangle of Wound Assessment should be used 
within the context of holistic patient assessment and treatment of the underlying factors. 
Ambulatory venous hypertension leads to an increase in capillary permeability that is 
responsible for a chronic leakage of fibrinogen. The formation of extravascular, cross-linked 
fibrin around the capillaries, noted histologically as fibrin cuffs, contributes to tissue hypoxia 
injury[8,9]. Several factors that are linked together, contribute to:

n Persistent and chronic inflammation 

 Long-term ischaemia/reperfusion injury in venous hypertension leads to chronic 

inflammation related to the accumulation of leukocytes in blood vessel lumens, 

leukocyte extravasation, and elevated expression of tissue metalloproteinases and 

pro-inflammatory cytokines, mainly IL-1ß and TNFa [8,10]. Elevated metalloproteinases 

degrade the extracellular matrix and impair cell migration. Moreover, iron overloading of 

macrophages, found in human chronic VLUs, induces a macrophage population in situ with 

an unrestrained pro-inflammatory M1 activation state. Via enhanced TNFa and hydroxyl 

radical release, this macrophage population perpetuates inflammation and induces 

senescence in resident fibroblasts[8,11].

n Cellular senescence 
 Considerable evidence from several teams suggests that the resident dermal fibroblasts 

in non-healing VLUs (i.e. large area and long duration) have acquired an abnormal 
phenotype that is not conducive to appropriate tissue repair[10,12,13,14]. Decreased growth 
in cell culture and other characteristics of cellular senescence have been observed in 
fibroblasts isolated from non-healing VLUs, compared with normal non-wound skin 
fibroblasts from the same patients[12,13,14]. The mechanism of cellular ageing, responsible 
for the dysfunctional healing phenotype, is related to elevated levels of oxidative stress 
and is telomere independent[10,15,16]. Moreover, keratinocytes display impaired migratory 
capacities that fail to restore the epidermis[17].

 
n Impaired angiogenesis
      Decreased local angiogenesis is observed in VLU wound edges that may result from the 

persistent inflammatory and tissue-destructive response. This, in turn, leads to increased 
degradation of proangiogenic growth factor, such as vascular endothelial growth factor. 
The impairment of the recruitment of local and systemic stem cells may also play a role 
in delayed healing of VLUs[16]. 

Figure 1 |  The Triangle of Wound 
Assessment. Adapted from[4]

Wound bed

  Maceration
  Dehydration
  Undermining
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Wound edge
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WOUND BED MANAGEMENT
The challenge for effective wound bed management is the early identification of those 
ulcers that are unlikely to heal with compression therapy alone. Assessment of the tissue 
type, exudate levels and the presence or absence of infection will help to determine the 
most appropriate pathway and intervention required to optimise the wound bed.
Baseline and serial measurement of the wound size (length, depth and width) and 
appearance help to establish a treatment pathway, and to monitor and evaluate the patient’s 
response to the intervention[7,19].

Tissue type: The specific characteristics of the tissue within a wound bed play a very 
important role in the wound-healing continuum. Accurate description of this tissue is 
an important feature of wound assessment. Where tissue is non-viable or deficient, 
wound healing is delayed; it also provides a focus for infection, prolongs the inflammatory 
response, mechanically obstructs contraction and impedes re-epithelialisation[20]. 

It is important to record tissue types and the percentage of tissue visible in the wound bed. 
The aim is to remove non-viable tissue — and reduce the risk of infection — and protect and 
promote new tissue growth[4]. Treatment choices should aim to improve the wound bed, 
promote healing and protect the periwound skin. 

The majority of uncomplicated VLUs have relatively little sloughy or necrotic tissue at the 
wound bed and do not need debridement (Picture 1). Loose slough, if present, will usually 
auto-debride with compression therapy alone. More complex VLUs may however contain 
devitalised tissue, which can lead to delayed wound healing and will need debridement 
(Picture 2). Limited sharp debridement is often sufficient as slough is superficial and rarely 
is maintenance debridement indicated for VLUs[21]. 

Picture 1: Uncomplicated VLU

Picture 2: Complex VLU

Figure 2 | Using the Triangle of Wound Assessment in assessing and treating VLUs. Adapted from[4]

Wound bed
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n Manage bacterial burden (e.g. antimicrobials)
n Rehydrate wound edge (e.g. barrier cream)
n Consider referral if the wound edge is 
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in 4 weeks
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Management plan
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n  Manage oedema and exudate (compression 

therapy/appropriate dressing) 
n  Protect skin (e.g. exudate management, barrier 

product/atraumatic dressings, avoid allergens)
n  Rehydrate dry skin (e.g. emollients) and treat 

eczema (e.g. topical steroids)       
n Remove non-viable tissue (debridement)

Management plan      
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n Manage exudate (compression therapy with 

appropriate dressing)
n Manage bacterial burden: cleansing and 

debridement. Use of antimicrobials                              
n Protect granulation/epithelial tissue  

(e.g. non-adherent dressing)

VLUs are the most common type of chronic lower limb 
wound and are the result of disease or disrupted function  
of the veins, known as chronic venous insufficiency. 
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n  Irregular sloping margins
n  Usually shallow
n  Fibrinous, granulating base
n  High exudate levels
n  Variable size: from small to  encircling the leg
n  Maybe painful
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n  A raised wound edge can indicate malignancy
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pyoderma gangrenosum
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n  Varicose eczema due to venous disease
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formation within inflamed edges of pre-existing 
ulcers 
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Exudate: VLUs usually produce moderate to large volumes of exudate, which can delay wound 
healing and cause maceration of the wound edge and periwound skin. Chronic exudate 
leads to the breakdown of the extracellular matrix proteins and growth factors, prolongs 
inflammation and inhibits cell proliferation[22]. Assessment of exudate should include the level 
and type of exudate, and its interaction with the dressing and compression therapy. 

The removal of oedema in the leg using sustained compression is fundamental to achieving 
moisture balance (SIGN 2010). Leakage or strikethrough has the potential to lead to the 
development of infection resulting in an increased volume of exudate and a change in 
consistency to thick, purulent and cloudy. The Triangle of Wounds Assessment framework 
enables clinicians to assess the potential for complication using a simple rating system to 
record the level and type of exudate, e.g. consistency and odour, with the aim of treating 
the cause (e.g. compression therapy) and managing moisture balance. Effective exudate 
management includes not only ensuring correct assessment and treatment but also 
addressing patient concerns and quality of life[22].

Infection: VLUs by their chronic nature contain high levels of bacteria, which will need to 
be controlled to facilitate healing. Infection may produce different signs and symptoms 
in wounds of different aetiologies[23]. Usually infection in VLUs will present with delayed 
wound healing, cellulitis, increased pain and new ulcer formation within inflamed 
margins of pre-existing ulcers (EWMA, 2005)[24]. 

Case 1 illustrates assessment of wound bed according to the Triangle of Wound 
Assessment framework. 

Assessment should include a full evaluation of the patient and should consider immune 
status, comorbidities, wound aetiology and other factors that may increase the risk of 
infection (WUWHS, 2008)[25]. The Triangle of Wound Assessment alerts the clinician to 
symptoms associated with local and spreading infection in VLUs to ensure an accurate and 
timely diagnosis and intervention. It enables clinicians to record signs and symptoms of 
infection that may be aetiology specific with the aim of identifying infection, and managing 
the bioburden to treat the infection and control odour.  

WOUND EDGE MANAGEMENT
The wound edge needs to be moist, intact, attached to and flush with the base of the 
wound to enable migration of epithelial cells. Wound edge migration is a good predictor of 
healing in patients with VLUs[26], so regular wound measurement is essential to evaluate 
the effectiveness of the treatment plan. Usually VLUs have shallow sloping edges that 
will encourage epithelialisation with the correct compression and wound bed preparation. 
Assessment of the wound edge should include observation for maceration, dehydration, 
undermining or rolled or abnormal edges. 

At the wound edge the aim is to lower barriers to effective wound healing by reducing dead 
space, debriding thickened or rolled edges, improving exudate management, and reducing 
maceration through appropriate treatment and dressing selection. Assessment of the 
edge of the wound can provide information on wound aetiology, healing progression, and 
establish appropriateness and effectiveness of the current treatment plan[4]. 

Maceration: The wound edge should be inspected for the presence of maceration 
resulting from high levels of exudate. It should be assessed for moisture levels. The aim 
is to establish the cause of excess moisture — e.g. use of inappropriate dressings, poor 
application of compression therapy or where wear times have been exceeded — and 

Wound bed 
Tissue type: Granulation tissue. 
Granulating tissue of the wound bed 
was not friable but slightly exophytic 
and hardened 
Exudate level: Low
Type of exudate: Thin/watery, 
sometimes red (bloody)  
Infection: Infection

Biopsies (n=5) on the wound bed and 
the wound edges were performed 
because there was no change in the 
wound size despite standard care, 
and because of the presence of 
indurated granulating tissue in the 
wound bed, without epithelialisation. 
The biopsies revealed squamous 
cell carcinoma that required surgical 
excision and a cutaneous graft

Case 1: Patient, 49 years old, presents 
with a leg ulcer on the dorsum of the 
foot that he has had for 7 years. It was 
treated as a VLU with daily dressings 
and venous compression by stockings 
(15 mmHg at the ankle). There has 
been no change in the wound size 
since year one
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correct it, as well as to address any concerns the patient may have. They may require 
specialist referral. 

Dehydration: It is important to achieve and maintain moisture balance to ensure optimal 
healing outcomes for VLUs. The aim should be to establish the cause of dehydration and 
take corrective action (e.g. rehydrate). It is important to treat the underlying clinical condition 
causing the moisture imbalance[27]. 

Undermining: The extent of the undermining (e.g. depth), identified by digital examination 
or use of a probe, should be recorded. In addition, the position of the undermining should be 
detailed using the number positions on a clock face. The aim is to reduce the undermining 
using appropriate treatment that enables the edge to reattach (e.g. stimulate granulation). 

Rolled edges: These can present in wounds that have an inflammatory origin, e.g. pyoderma 
gangrenosum. Early diagnosis is important in such cases, as failing to provide appropriate 
second line therapy can result in poor healing outcomes. Clinicians should assess the amount 
of rolling (which may be associated with thickening) and aim to return the wound edge to a 
condition that supports epithelial advancement.

Case 2 illustrates assessment of wound bed and wound edge according to the Triangle of 
Wound Assessment framework.

PERIWOUND SKIN MANAGEMENT
Problems of the periwound skin are common in VLU patients. Damage in this area increases 
healing times, can cause pain and discomfort and adversely affect quality of life[28]. 

In a UK study, 70% of patients had periwound skin problems that could be characterised 
as dry, macerated, excoriated or inflamed[29]. Factors that increase the risk of periwound 
skin damage include the amount of exudate and presence of heparin-binding proteins, 
bacteria and associated toxins, histamine produced by specific bacteria, proteolytic 
enzymes, such as matrix metalloproteinases (MMPs), and inflammatory cytokines in the 
wound exudate[30]. 

The high levels of exudate alter the pH of the periwound skin and when it is poorly 
managed the subsequent change in acid mantle changes the bacterial balance/flora of the 
skin, reducing the balance needed for optimal healing.

When periwound skin is first exposed to exudate, the stratum corneum absorbs the 
fluid and swells. The increased moisture saturates the lower layers of the epidermis 
and increases the risk of maceration. This reduction in skin barrier function results in 
increased transepidermal water loss, leading to dryness of the skin due to a decrease in 
surface lipids. The patient is subsequently at increased risk of contact dermatitis[31].

It is necessary to define the periwound skin from the existing wound and reduce the 
potential for skin breakdown due to high levels of exudate by protecting the skin and 
preventing further damage. Assessment of the periwound skin should include:
n Maceration — there is an increased risk due to high exudate levels
n Excoriation
n Hyperkeratosis
n Contact dermititis — patients with VLUs show a great tendency towards allergy[32] 

n Varicose eczema due to venous disease
n Lower limb oedema.

Case 2: Patient, 80 years old, without 
any peripheral arterial disease or 
venous disease on echo-doppler 
examination. Sudden onset of an 
extremely painful leg ulcer, enlarged 
rapidly despite systemic antibiotics. 
Using the Triangle of Wound 
Assessment framework to assess the 
wound, the following was identified:

Wound bed 
Tissue type: Granulating (50%) and 
sloughy (50%)
Exudate level: Medium 
Type of exudate: Purulent  
Systemic infection: No sign of local 
infection except friable granulation 
tissue. No change in pain, no oedema, 
no erythema. No effect of systemic 
antibiotics
Wound edge: Between 3 and 7 on  
the clock face, wound edge was 
undermined, infiltrated and purulent, 
showing a rapid progression

Biopsies supported a presumptive 
diagnosis of pyoderma gangrenosum, 
showing a dense neutrophilic 
infiltrate in the dermis. A colonoscopy 
was performed and revealed the 
inflammatory bowel disease  
Crohn’s disease
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Using the Triangle of Wound Assessment enables early identification and management of 
the wound bed, wound edge and periwound skin problems. By identifying, measuring and 
recording the extent of any of these issues, e.g. <1–4cm of the wound edge, it is possible 
to ensure an appropriate intervention and treatment, e.g. removing hyperkeratotic skin 
plaques and rehydrating; removing calluses and using offloading to prevent recurrence; 
alleviating the symptoms of eczema and avoiding allergens in the future[4].

Cases 3 and 4 illustrate assessment of wound bed, wound edge and periwound skin using 
the Triangle of Wound Assessment framework.

DEVISING A TREATMENT PLAN FOR VLUs

Using the Triangle of Wound Assessment framework enables accurate assessment of 
the wound bed, wound edge and periwound skin, resulting in a correct diagnosis and 
the development of a integrated care plan[4] that addresses wound and skin problems 
in addition to the wider needs of the patient. It aids identification of problems that are 
delaying healing, e.g. eczema (Case 3) or maceration (Case 4), enabling clinicians  
to investigate the cause and move to a more appropriate treatment or intervention.

In developing a treatment plan for VLUs it is important to accurately assess the wound 
to ensure correct diagnosis and development of a management plan that takes into 
consideration the holistic needs of the patient, as well as addressing wound and skin 
problems that may impact healing. It is important to:
n Manage wound exudate
n Protect granulation tissue
n Treat periwound skin problems (here you would consider the use of topical steroids)
n Patch testing to identify potential allergens where contact sensivity is suspected.

CONCLUSIONS
VLUs have a significant impact on the lives of patients and their families. The mechanisms 
that impair wound healing in patients with VLUs are complex making assessment and 
management challenging for clinicians and leg ulcer services. It recognises that the 
patient, and treatment of underlying aetiology, is central to the process of assessment. 

The Triangle of Wound Assessment is a simple and easy-to-use framework that provide 
tools to improve assessment of the wound bed, wound edge and periwound skin. It can 
be incorporated into care pathways, education and training programmes, and treatment 
protocols for VLUs, as well as for other types of wounds. 

The framework combined with best practice guidelines on VLU management has the 
potential to improve patient outcomes, reduce time to healing and ensure those patients 
with complex aetiologies are referred to the most appropriate specialist.

Case 3: Patient treated for a VLU, with 
multilayer compression and foam 
dressing, twice a week

Wound bed: Granulation/
epthelialisation, low exudate, no signs 
of infection
Wound edge: Dehydrated
Periwound skin: Dry skin, eczema 
Cause: No moisture cream was 
applied during local wound care. 
Antiseptics were used for ulcer 
cleansing (chlorexhidine), that may 
induce irritative or contact dermatitis
Treatment: Stop antiseptic, cleanse 
with saline. Use topical steroids 
followed by systematic application of 
an emollient before applying bandages 

Case 4: Patient with a VLU treated 
with multilayer compression and 
foam dressing, twice a week. Foam 
dressing was stopped for an unknown 
reason, and a silicone wound contact 
layer was applied under compression. 
After 2 weeks there was apparition 
of erythematous skin plaques on the 
periwound skin, with pustules that 
formed erosions and crusts. Pustules 
were aseptic 

Wound bed: Granulation tissue, 
medium-to-high levels of exudate, no 
evidence of infection
Wound edge: Macerated
Periwound skin: Maceration with 
superficial erosions, crusts, pustules
Cause: Erosive pustular dermatosis
Treatment: Topical steroids;
discontinue silicone dressing

ADVANCES IN WOUND CARE |  THE TRIANGLE OF WOUND ASSESSMENT
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D
iabetic foot ulcers (DFUs) are complex, chronic wounds that have a 
major long-term impact on a patient’s quality of life, morbidity and 
mortality[1,2]. When compared to people without a history of DFU, those 
who develop a DFU are at increased risk of premature death, myocardial 
infarction and fatal stroke[3]. The development and progression of 

a DFU, unlike other chronic wounds, can be complicated by diabetic changes, 
e.g. neuropathy and vascular disease. Along with the altered neutrophil function, 
diminished tissue perfusion and defective protein synthesis that often accompany 
diabetes, these present a unique and specific set of challenges for clinicians[1].

To overcome these challenges, it is important for clinicians to take a holistic approach 
to the assessment of a DFU to identify intrinsic and extrinsic factors. This should take 
into consideration a full patient history, including medication, comorbidities and diabetic 
status, together with history of the wound, previous DFUs or amputations and any 
symptoms that suggest neuropathy. Integral to this approach is the assessment of not 
only the wound bed and wound edge but also the periwound skin. Frequent problems in 
the periwound skin area include maceration, excoriation, dry skin, hyperkeratosis, callus 
and eczema all of which, if overlooked, can result in delayed healing and heightened 
risk of infection. Prevalent periwound skin problems associated with DFUs include 
maceration, callus, hyperkeratosis and dry skin. 

The Triangle of Wound Assessment is a simple and intuitive framework that builds on 
current concepts of wound bed preparation and TIME moving beyond the wound edge to 
provide a holistic assessment of the wound by including the periwound skin. The Triangle 
of Wound Assessment can easily be integrated with assessment and management of 
DFUs to help guide wound management.

UNDERSTANDING DIABETIC FOOT SYNDROME 
Diabetes mellitus, as a systemic disease, impairs the body’s metabolism, resulting in high 
glucose levels in tissues. In turn, raised blood sugar leads to further metabolic changes, all 
of which results in local hypoxia, ischaemia and impairment of nerves in the plantar tissue 
of the feet. The plantar tissue itself becomes altered and inelastic, and atrophy of the 
intrinsic musculature leads to claw toes and foot deformities[8,9]. Moreover, the Achilles 
tendon and the plantar aponeurosis are damaged by hyperglycaemic metabolism, limiting 
mobility of the talocalcaneal joint (upper ankle joint). These deformities, combined with 
the metabolic and tissue changes caused by diabetes result in diabetic foot syndrome 
(DFS), which leaves a patient at high risk for the development of a DFU (Box 2).

Box 1: The impact of DFUs on health systems

n DFUs account for around 25% of all costs associated with diabetes care and account for 50% hospital stays among 
patients with diabetes[4]

n The estimated cost of DFUs to health systems ranges from ¤7,700 for patients with healed wounds, to ¤8,600 for 
patients who died before healing, to ¤25,000 for patients who undergo major amputations[5]

n In people with diabetes, a lower limb is amputated due to diabetes approximately every 20 seconds, an annual 
amputation rate in Europe of 0.5%– 0.8%[6]

n About 85% of diabetes-related lower-extremity issues begin with foot ulceration[6]

n The average annual cost for each patient with a DFU is calculated at ¤15,000[7].
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The systemic aetiologies result in vulnerable tissue. When there are areas of pathologic 
pressure — due to deformities of the feet, inappropriate footwear, an injury or a combination 
of these causes — the likelihood of developing a DFU increases. Ulcers will be most often 
found in zones of pathologic pressure, usually over bony prominences (e.g. toes, sides of feet, 
heel, plantar surface). 

Optimal DFU management requires attention to three critical elements:  
n Determining of aetiologic factors, followed by interventions to correct or ameliorate 

those factors when possible 
n Assessing of systemic factors affecting wound repair, with measures to optimise the 

host’s ability to support the repair process 
n Assessing of wound bed, wound edge and periwound skin status, as a basis for topical 

therapies to promote healing[21]. 

APPLYING THE TRIANGLE OF WOUND ASSESSMENT TO DFUs

The Triangle of Wound Assessment can be used to assess, manage and treat DFUs, 
helping to guide overall treatment. The simplicity of the three zones — wound bed, wound 
edge, and periwound skin — lends itself to being used by generalist practitioners to involve 
and engage patients and carers in the management of the wound (Figure 1). 

Box 2: DFUs in the population

n DFUs are likely to occur 
in around 25% of all 
patients with diabetes[10,11]

n They are the most 
common reason for 
hospital admissions 
among patients with 
diabetes[10,11]

n The incidence of DFUs 
(the probability of how 
many patients with 
diabetes mellitus will 
develop a DFU in a given 
time) is 2%, rising to 5%–
7.5% if polyneuropathy is 
present[12,13]

n The cumulative incidence 
of DFUs over 20 years 
for patients with type 1 
diabetes is 10%[12,13]

n The prevalence of DFUs 
(the percentage of 
patients with diabetes 
mellitus who actually 
have a DFU) is 3%[14].

Box 3: Understanding DFU aetiologies

In diabetic wounds, clinicians should be aware of three key aetiologies that will influence 
assessment, treatment of the underlying condition and management of the DFU.
n Neuropathy 
 Nearly all patients with DFS suffer from the loss of protective mechanisms due to  

 neuropathy. Minor trauma, often associated with or resulting from unsuitable shoes, 
may start the destruction of the tissue[15]. Neuropathy may be sensory (loss of 
sensitivity), autonomic (causes failure of sweat glands, leading to extremely dry skin) 
and/or motor (causes atrophy of foot muscles, which can deform bones of the foot).

n Ischaemia 
 Around 15% of patients with DFUs have concomitant ischaemia only (no 

neuropathy)[16]. There are two types of ischaemia:
— Macro ischaemia — closely connected to risks factors such as hyperlipidemia 

and arterial hypertension which, together with obesity and diabetes, result in 
so-called metabolic syndrome. Typically several parts of the arterial system are 
involved, including the arteries in the pelvis and legs but, in 70% of diabetic 
cases, stenosis is found in the calves[17]

— Micro ischaemia — is not obstructive in the lower extremities[18]. Results in the 
thickening of basal membranes of the vessels impairing microcirculation and 
delaying diffusion of oxygen in the tissue[19]. 

 
n Neuroischaemia
      When ischaemia presents with neuropathy, specifically the dysfunction of sympathetic 

nerve fibres, arteriovenous shunts widen, which consequently reduces oxygen levels in the 
skin[19]. This is neuroischaemia, the most common chronic complication of diabetes.

 Medial sclerosis (hardening of the arteries) leads to impairment of the arteries in the 
calves. Ischaemia is then found in the feet — not in the calves — making the normal 
symptom of peripheral artery disease (PAD) intermittent claudication (with pain in the 
calves) unreliable[20]. Furthermore, the loss of sensitivity leads to artificially diminished 
levels of pain. In addition, it can increase the time it takes a patient to notice that there 
is skin damage. 

Figure 1 |  The Triangle of Wound 
Assessment. Adapted from[23]
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In DFUs, the Triangle of Wound Assessment helps the clinician assess the wound to 
determine the aetiology, so that it can be concurrently managed (Box 3). The three 
interconnected zones of the Triangle of Wound Assessment provide a robust framework 
around which the distinct areas can be assessed thoroughly and monitored (Figure 2).

Wound bed: Baseline and serial measurements of the wound size, appearance and 
location will help establish appropriate interventions and aid monitoring of the response to 
treatment[22]. It is important to measure and record accurately the tissue type of the DFU, 
which varies according to aetiology. The wound bed of a neuropathic DFU is often pink and 
granulating; that of an ischaemic ulcer is often pale and sloughy with poor granulation while 
neuroischaemic ulcers often have poor granulation. This does not preclude the presence 
of necrotic or sloughy tissue. Where wounds contain mixed tissue types, it is important to 
consider the predominant factors affecting healing and address these accordingly.  

It is also important to measure and record the percentage of tissue visible in the wound bed 
along with details of exudate levels and type. With DFUs exudate levels may vary from dry 
to low and moderate to high. It is also vital to assess and record presence/levels of infection 
in the wound bed that could extend to the wound edge and periwound skin[23]. Consistency 
of measurement is key: meaningful changes, e.g. alteration in tissue type, reduction in 
exudate, successful management of bioburden, should be tracked over a specified period of 
time (7–14 days)[22]. 

Wound edge: To allow migration of epithelial cells across the wound bed during healing the 
wound edge needs to be moist and intact, and attached to and flush with the base of the 
wound. Assessment of the wound edge — identifying and recording presence of maceration, 
dehydration, undermining and rolled edges — provides information on the wound aetiology, 
how healing is progressing and whether the current treatment regimen is effective[23]. 

Figure 2 | Using the Triangle of Wound Assessment in assessing and treating DFUs. Adapted from [23]
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Periwound skin: Issues affecting the periwound skin are common and can delay healing, 
cause discomfort and pain, lead to enlargement of the wound and result in poor quality  
of life for the patient. 

High levels of exudate, which can occur in DFUs, present the biggest risk of damage to 
the periwound skin. It can slow down and prevent cell proliferation; interfere with growth 
factor availability and contains elevated levels of inflammatory mediators. Increased 
exposure to moisture reduces skin barrier function and increases the risk of skin 
breakdown and maceration.  

Using the Triangle of Wound Assessment framework the periwound skin of a DFU should 
be assessed for signs of maceration, excoriation, dry skin, hyperkeratosis, callus and 
eczema. The extent of the problem should be recorded, e.g. distance from the wound 
edge. The aim is to protect the periwound skin to maintain healthy skin in the case of 
maceration, excoriation and dry skin. 

FURTHER DFU EVALUATION 
The Triangle of Wound Assessment provides an easy-to-use framework that can be fully 
integrated into a holistic patient assessment[24], including indicators of aetiology; these 
should be carried out in addition to DFU-specific evaluations in order to confirm aetiology 
and cause of the wound:
n Neurological evaluation — to assess the presence and extent of neuropathy
n Vascular examination — to assess arterial perfusion; includes (1) initial palpation of 

pulses, (2) determination of ankle–brachial pressure index (ABPI), (3) supplemental 
toe blood pressure readings, pulse volume recordings, transcutaneous oxygen 
measurements and skin perfusion pressure measurements

n Evaluation of structural deformities — to identify abnormalities that may lead to 
wounds (e.g. hammer toes, bunions, Charcot deformities)

n Assessment of physical environment — to identify shoe pressure, repetitive plantar 
stress or repeated injury that could delay healing[25].

These evaluations should be performed with the involvement of the multidisciplinary 
team, which may include podiatrist, specialist nurses, vascular surgeon, neurologist, 
general practitioner, dietician and other relevant healthcare providers as needed[25].

USING THE TRIANGLE OF WOUND ASSESSMENT IN DFU PRACTICE
The Triangle of Wound Assessment has a role to play in the management of DFUs, based 
on the interpretation of some of the recommendations[24]. 

Chronic wounds such as DFUs often present as shallow cavity wounds that may exude heavily. 
They produce increased levels of exudate due to a prolonged inflammatory phase of healing[26]. 

WOUND BED MANAGEMENT
Wound bed evaluation is critical in the management of DFUs. Primarily, there are four 
types of wound tissue in a DFU; necrotic, sloughy, granulating and epithelialising.

There is also potential for two primary complications: the presence of bone and the 
presence of tendon or capsule within the wound bed. The Triangle of Wound Assessment 
framework can be used to record the presence of both, as well as levels of exudate and 
the possibility for infection.

Tissue type
Wound bed with necrotic tissue (Case 1) 
Ischaemia is normally the main aetiology of a DFU, nevertheless an appropriate vascular 
evaluation is mandatory. The Triangle of Wound Assessment framework helps to record 
objectively the percentage of necrotic tissue. Pulses, palpation and ABPI are the basic 

Wound bed
Tissue type: Necrotic
Exudate levels: Low
Type of exudate: Cloudy
Infection: Malodour and local 
warmth

Wound bed 
Tissue type: Sloughy
Exudate levels: Medium
Type of exudate: Thin and watery
Infection: Erythema with increasing 
exudate and local warmth

Wound bed 
Tissue type: Granulating
Exudate levels: High
Type of exudate: Thick
Infection: Granulation tissue; friable 
and bleeding; oedema

Case 1: Dry necrotic tissue to the 
big toe

Case 2: Sloughy tissue over the 
metatarsal head of the 5th toe

Case 3: Hypergranulation 
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tests that should be performed to discount the presence of peripheral vascular disease. 
The aim is to remove the non-viable tissue, reduce the risk of infection, and protect and 
promote new tissue growth. 

If necrosis is present in the wound bed of a patient with good vascular status (presence of 
both distal pulses and normal values from ABPI), necrosing soft tissue infections should 
be suspected. In this case other signs of infection could help in the diagnosis, these may 
include malodour, drainage of pus, erythema and pain, although this may be absent or 
abnormal in patients with an insensate foot.

Wound bed with sloughy tissue (Case 2) 
The presence of sloughy tissue is a common challenge in DFUs. The main issue is 
distinguishing between slough and other tissues/structures with a similar colour or 
texture, e.g. tendon or capsule. This can be particularly challenging when DFUs are 
located beneath the metatarsal head or over the dorsum of the toes, where the tissue is 
very thin, and tendon and capsule could be easily exposed. 

Wound bed with granulation tissue (Case 3) 
Identifying the presence of granulation tissue can be complicated by the presence of 
hypergranulation (or over-granulation) tissue, which is common in patients with bone 
infections[27]. Normal granulation is red with a slightly moist appearance but does not 
bleed easily, however over-granulation is frequently raised in a pediculate aspect and 
will bleed easily when touched. It is often bright cherry red in colour. The presence of 
hypergranulation frequently masks underlying infection, so it is important to record 
accurately the status of the wound. 

Hypergranulation has a friable red, sometimes shiny and soft appearance that is above 
the level of the periwound skin. Research into the cause of hypergranulation is limited but 
there are a few common characteristics, including:
n Moist areas from exudates or bleeding
n Prolonged physical irritation or friction with continued repetitive minor trauma or pressure
n Excessive inflammation
n Bacterial bioburden or infection
n A new scenario of negative pressure suction with micro-deformation,  

particularly applicable to large pore foam dressings
n Low oxygen levels[28]. 

Wound bed with bone exposed (Case 4) 
The presence of exposed bone is a strong clinical indication of bone infection. If the bone is 
visible from the bottom of the ulcer or probe-to-bone is positive, then the osteomyelitis must 
be treated prior to any other interventions or treatment frameworks. A combination of X-rays, 
blood cultures and non-magnetic resonance (NMR) imaging could help in the diagnosis. 

Wound bed with tendon or capsule exposed (Case 5) 
In certain locations a DFU can expose a tendon or joint, in particular if they are beneath 
metatarsal heads, or on the toes. It is important to assess these wounds accurately as often 
the visible tissues (tendon, ligament or capsule) are mistaken for fibrin and consequently 
debrided, a course of action that can significantly increase the risk of infection, as well as 
have an impact on the patient should the tendon or ligament be damaged or severed, or the 
capsule removed. Asking the patient to move or wiggle his/her toes assists in confirmation 
of the tissue as tendon — movement of the digit will be seen in movement of the tendon.

Exudate (Case 6) 
The main cause of increased exudate is infection. Infections or high bioburden can increase 
exudate and lead to maceration or excoriation of both the wound edge and periwound skin. 

Wound bed 
Tissue type: Granulating
Exudate levels: High
Type of exudate: Thick
Infection: Granulation tissue. Bleeding 
with local warmth and malodour

Case 4: A clean granulating wound 
bed however there is bone clearly 
visible 

Wound bed 
Tissue type: Sloughy
Exudate levels: High
Type of exudate: Thin and watery
Infection: Increasing exudate and 
increasing pain

Case 5: Tendon clearly visible in the 
base of the wound, note how the 
colour is similar to slough

Wound bed 
Tissue type: Sloughy 75%; 
granulating 25%
Exudate levels: High
Type of exudate: Cloudy
Infection: Increasing maceration with 
local warmth, malodour oedema

Case 6. Showing maceration of 
the periwound skin caused by high 
exudate levels
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Neurological disorders could produce an increase in exudate, especially in patients with 
autonomic neuropathy, which affects vasomotor function and causes distal oedema.
Distal oedema can result from cardiac or renal dysfunction. In diabetic patients, 
cardiovascular and renal complications are very frequent and could result in oedema and 
consequently high exudate in the wound. 

High levels of exudate extend healing times, increase the risk of complications and increase 
the frequency of dressing change. Chronic wound exudate contains higher levels of 
inflammatory mediators and activated protein-digesting enzymes that can delay healing by 
breaking down the extracellular matrix of the wound bed and damaging the periwound skin[26].

Effective management of exudate in DFU, using the Triangle of Wound Assessment can 
not only aid healing but also improve the patient experience and reduce the burden on 
healthcare resources[26].

Infection

Using the Triangle of Wound Assessment to record signs and symptoms of infection (Box 4) 
and exploration of the depth of the ulcer can help in the diagnosis. It must be remembered 
that some of the usual signs of infection may be absent in patients with diabetes. Infection 
is a major threat of DFUs, much more so than in wounds of other aetiologies not subject 
to diabetic changes. As such, effective local wound care using the Triangle of Wound 
Assessment and infection control are paramount.

WOUND EDGE MANAGEMENT
The condition of the wound edge in DFUs is important in wound assessments. The 
presence of a hyperaemic border (Case 8) could indicate the presence of ischaemia. 
Vascular evaluation should be performed in these patients in order to exclude the 
presence of peripheral vascular disease (PVD).

Undermined edges frequently occur in DFUs especially when the ulcer is located beneath the 
metatarsal head. If a wound is undermined, the cavity should be examined for the presence 
of bone or exposed capsule. The position of the undermining should be detailed using the 
number positions on a clock face (Figure 3, page 8). The aim is to reduce the undermining 
using appropriate treatment that enables the edge to reattach (e.g. stimulate granulation).

Wound bed 
Tissue type: Sloughy
Exudate levels: Medium
Type of exudate: Cloudy
Infection: Malodour and delayed 
healing and local warmth
Wound edge: Undermining, rolled 
edge and slight maceration

Wound bed
Tissue type: Sloughy
Exudate levels: Low
Type of exudate: Thin and watery
Infection: Erythema with local 
warmth and delayed healing
Wound edge: Hyperaemic

Case 8. Clearly demarcated hyper-
aemic border around the wound 

Case 9. Showing a rolled edge in 
a long standing wound with slight 
maceration 

Box 4: Signs and symptoms of infection 

Evidence of infection normally includes signs of inflammation:
n Redness or cellulitis (Case 7): Cellulitis is the main sign in the diagnosis and classification of infection in DFUs. When 

cellulitis spreads more than 2cm from the ulcer edges it would be classified as moderate or serious. The severity of cellulitis is 
particularly relevant to the diagnosis and prognosis of the infections in DFUs

n Vesicles and haematomas: Some deep infection can produce changes in skin 
colouration and integrity. Sometimes infection spreads through the subcutaneous tissue 
and produces vascular damage that causes haematomas over the skin. In these cases, 
an appropriate evaluation of the infection status of the wound is urgent in order to avoid 
serious complications 

n Swelling is characteristic in soft tissue infections 
n Tenderness or pain: Normally DFUs are not painful (particularly if the foot is insensate) 

but if the patient complains of pain or tenderness, infection should be suspected 
n Probe-to-bone test is strongly associated with osteomyelitis. When bone could be 

touched through the ulcer it is highly probable that the bone is infected
n Friable or discoloured granulation tissue
n Malodour is a sign of infection and is striking in infections caused by anaerobic bacteria. 

Case 7: Cellulitis and oedema of 
the forefoot, note the swollen, 
sausage like 2nd toe
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Rolled edges (Case 9) should be explored in order to exclude fistulous track or connections 
with deeper tissues. Osteomyelitis and joint infection could be the cause of this clinical 
presentation. However, rolled edges may simply be as a result of the chronicity of the 
wound. Early diagnosis is important in such cases to prevent poor healing outcomes. 
Clinicians should assess the amount of rolling (which may be associated with thickening) 
and aim is to return the wound edge to a condition that supports epithelial advancement 
(Figure 3, page 8).

PERIWOUND SKIN MANAGEMENT
Maceration (Case 10) is a consequence of increased volume of exudate. High levels of 
exudate alter the pH of the periwound skin and when it is poorly managed the subsequent 
change in acid mantle changes the bacterial balance/flora of the skin, reducing the 
balance needed for optimal healing. However, while maceration may result from poor 
exudate control related to inappropriate dressing selection, in the majority of DFU cases 
maceration is caused by infection or uncontrolled bioburden. 

Hyperkeratosis and callus pattern distribution on the plantar surface could help in the 
evaluation of pressure distribution and its control by offloading. Hyperkeratosis or 
callus (Case 11) formation on the wound edge and periwound skin indicates poor or 
insufficient offloading and should be recorded and monitored using the Triangle of Wound 
Assessment framework. Pressure is the main cause of DFU and when calluses continue to 
form despite offloading, the offloading strategies should be revised. Patient understanding 
and compliance, absences of resources or poor selection and fitting of the offloading 
device are the main causes for offloading failing.

Xerosis and dry skin (Case 12) around the wound could indicate problems associated with 
PVD or neurological disorders. The primary assessment should be the exclusion of PVD 
by correct vascular assessment. Once this is ruled out other causes such as autonomic 
neuropathy may be considered. Irrespective of the cause maintaining the hydration of the 
skin in order to prevent skin cracks or fissures is very important as they can act as a portal 
for bacterial ingress and may be very painful. Cracks and fissures may also result in an 
extension of the wound margin.

Decisions about treatment type and suitability can only be reached once all three areas of 
the wound have been assessed.

CLASSIFYING DFUs

Taking into account the results of the Triangle of Wound Assessment, as well as the 
further evaluations required to ensure holistic assessment and treatment of DFUs, the 
wound should then be classified according to a validated clinical tool[29].

Box 5: University of Texas Diabetic Wound Classification System

Stage Grade

0 I II III

A (no infection  
or ischaemia

Pre-or post- 
ulcerative lesion 
completely 
epithelialised

Superficial wound 
not involving 
tendon, capsule 
or bone

Wound 
penetrating 
to tendon or 
capsule

Wound 
penetrating to 
bone or joint

B Infection Infection Infection Infection

C Ischaemia Ischaemia Ischaemia Ischaemia

D Infection and 
ischaemia

Infection and 
ischaemia

Infection and 
ischaemia

Infection and 
ischaemia

Wound bed 
Tissue type: Sloughy
Exudate levels: High
Type of exudate: Thick
Infection: Erythema and local warmth. 
Increasing exudate and malodour
Wound edge: Rolled edges
Periwound skin: Maceration and 
calluses
Cause: Bone infection
Treatment: Debridement of 
non-viable and infected tissues. 
Antimicrobials dressing and 
antibiotics 

Case 10. Macerated wound edges 
and periwound skin

Wound bed 
Tissue type: Granulating
Exudate levels: High
Type of exudate: Thin and watery
Infection: Increasing exudate and 
local warmth
Wound edge: Rolled edges
Periwound skin: Maceration and 
calluses
Cause: Neuropathic oedema and high 
plantar pressure
Treatment: Offloading and 
compression; antimicrobial dressing. 
Debridement. Manage exudate with 
appropriate dressing

Case 11. Showing thick callous 
around the wound edge and 
periwound skin
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The SINBAD (site, ischaemia, neuropathy, bacterial infection and depth) framework uses 
a scoring system that helps predict outcomes, and is a simplified version of a previous 
classification system; however, although it is comprehensive and attempts to be useful 
across geographies, SINBAD is not well established in existing literature[6]. The PEDIS is 
similarly not well established, as it was developed quite recently (2012) and there are few 
categories for classification, but it is user-friendly and can be used by clinicians who do not 
have as much experience of managing DFUs[6]. 

There are two well established classifications. The first is the Wagner scale, which assesses 
ulcer depth along with presence of gangrene and loss of perfusion over six grades (0 — 5); 
however, it does not fully take into account infection and ischaemia[6]. The University of 
Texas (Armstrong) scale may be the most well received, as it accounts for all aspects of 
assessment and cross-references them against one another, to devise a two-part score 
that includes grade and stage[6]. Thus it lets the clinician gain a complete picture of the 
individual wound (Box 5).

EXAMINATION OF THE ULCER

A physical examination should determine:
n Is the wound predominantly neuropathic, ischaemic or neuroischaemic?
n If ischaemic, is there critical limb ischaemia?
n Are there any musculoskeletal deformities?
n What is the size/depth/location of the wound?
n What is the colour/status of the wound bed?
 — Black (necrosis)
 — Yellow, red, pink
n Is there any exposed bone?
n Is there any necrosis or gangrene?
n Is the wound infected? If so, are there systemic signs and symptoms of infection
 such as fevers, chills, rigors, metabolic instability and confusion? 
n Is there any malodour?
n Is there local pain?
n Is there any exudate? What is the level of production (high, moderate, low, none), 

colour and consistency of exudate, and is it purulent?
n What is the status of the wound edge (callus, maceration, erythema, oedema, undermining)?
n What is the status of the periwound skin (maceration, excoriation, dry skin, 

hyperkeratosis, callus, eczema)? 

Using the Triangle of Wound Assessment to record size, depth, appearance and location 
along with detailed information about the tissue type of the wound bed, and the status of 
the wound edge and the periwound skin, will help to establish a baseline for care, develop a 
plan for treament and evaluate any response to treatment. 

DEVISING A TREATMENT PLAN
Together with the classification of a DFU, the Triangle of Wound Assessment enables 
the accurate and timely wound assessment of each individual and forms the basis of an 
appropriate and holistic management plan that takes into consideration medical condition, 
cause, duration and status of the wound and any factors that may prevent healing, e.g. 
comorbidities, medications, infection, age etc. The main goal is often wound healing, 
however this may not be appropriate in all patients in who the main objective may be to 
provide comfort and to control exudate and odour. 

SUMMARY 
DFS is complex and costly to patients and health systems alike (Boxes 1 and 2). Because 
DFS incorporates endocrine, histologic, neurologic, ischaemic and orthopaedic factors, it

Wound bed 
Tissue type: Granulating
Exudate levels: Low
Type of exudate: Thin and watery
Infection: No signs 
Wound edge: Undermining
Periwound skin: Hyperkeratosis and 
dry skin
Cause: Neuropathy and high plantar 
pressure 
Treatment: Offloading. Emollients. 
Protect granulation tissue

Case 12. Showing dry skin probably 
related to autonomic neuropathy
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is important that DFU assessment — starting with the Triangle of Wound Assessment 
framework — be holistic and multidisciplinary. The focus should not only be on evaluating 
and managing the wound, but also on the periwound skin, and on diagnosing and treating 
the underlying systemic aetiology.

Accurate wound assessment based of the Triangle of Wound Assessment in DFU could 
be helpful for developing a plan of care (see Figure 1, page 20). Determination of the 
tissue type is critical before debridement, as is understanding of the cause of each type 
of tissue. It is important to know when the patient has ischaemia or infection, especially 
when the infection is deep and involves the bone, capsule or joint. 

Sharp debridement should only be performed when the arterial supply is not significantly 
impaired and when infection is ruled out. Sharp debridement is currently the best way to 
remove non-viable tissue, as it is rapid and easily performed by a skilled clinician.  

The presence of exudate is often associated with foot infection, autonomic neuropathy or 
after a revascularisation. Discounting the presence of infection is critical before managing 
the increased levels of exudate. 

Without doubt infection is the main complication in DFU. Some infections threaten the 
limb and sometimes even the life of the patient. Infection is a common complication in 
DFUs, therefore an accurate diagnosis is mandatory in every ulcer. 

Assessment of the wound edges could provide information about the appropriate 
management of a DFU. Presence of callus or hyperkeratosis is always associated with 
high pressure on the ulcer. Aggressive, effective and efficacious offloading is mandatory in 
DFUs, being part of a standard care regimen. Xerosis and hyperkeratosis are also common 
findings. Hydration of the periwound skin and callus removal should be done frequently.  

Maceration of the periwound is normally a consequence of poor control of exudate. In the 
majority of the cases if the underlying cause is correctly managed, maceration improves, 
but the choice of an appropriate dressing is also critical to avoid ulcer extension and 
spread of damages. 

These wounds may then be classified according to an accepted scoring system, to 
help guide monitoring and management. The chances that these wounds will heal 
spontaneously are limited because the underlying systemic disease — diabetes mellitus 
— impairs the process of normal wound healing. However, by adopting a holistic approach 
to wound healing, with appropriate referrals and multidisciplinary involvement, DFUs can 
be healed and limbs saved[30].

The Triangle of Wound Assessment together with specific DFU assessment methods 
enable HCPs to better devise, implement and evaluate a treatment plan for patients.
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