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Cost	escalates	as	wounds	deteriorate.

Harding	K,	Posnett	J,	Vowden	K.	A	new	methodology	for	costing	wound	care.		Int	Wound	J.	2012;	doi:	10.1111/iwj.
12006







Woo et al. , 2013.
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• April 2010-Jan 2013    N=254,609 
• 26% with skin tears and laceration 

• 28% of PrUs in LTC developed 1 week after discharge from AC hospitalisation  

Woo KY, Sears K, Almost J, Wilson R, Whitehead M, VanDenKerkhof EG.  Int Wound J. 2015

Exploration of pressure ulcer and related skin problems across 
the spectrum of health care settings in Ontario using 
administrative data.

Resident assessment instrument-minimum data set (RAI-MDS) and the health outcomes for better information and care (HOBIC) 
database from 2010 to 2013. 



Pressure Shear forces 
(friction) 

Blood vessels 
collapse 

Ischemia 

Inflammation & 
Necrosis 

Cell Death 

Pressure ulcer 

Ischemia 

Nutritional deficit 

Altered skin properties 
(deformation) 

Microclimate: 
Moisture + 

temperature 
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Humidity/skin moisture
 �Sweating — pyrexia/critical illness/

obesity/sympathetic nervous  
system stimulation/dyspnoea

 �Incontinence
 �High environmental humidity

Weakened skin

Risk of pressure damage

IschaemiaCoefficient of friction 
of skin

Vulnerability of skin and soft tissues to the effects of pressure, shear and friction

Metabolic demand
 �Pyrexia
 �Sympathetic nervous system 

stimlulation (critical illness/CNS 
injuries/dyspnoea)

Dry skin





Standard of care & 
best practices 

★There is no intervention that 
can replace good nursing care:

★Establish turning schedule

★Consider therapeutic surface

★Avoid donut device

★Avoid massaging reddened 
area




Recommendations (1)

1. Retain HINF per-diem funding to account for additional 
staff time required for prevention/early intervention and 
promote needed investments in cost-effective 
technologies such as pressure relieving surfaces  

Rationale: 
○ OHTAC conducted a review of technologies to prevent PU and found that a 

$22M initial investment in alternative foam redistribution mattresses in LTC 
would result in approx 3,400 cases avoided and net annual savings to the 
health care system of $20M.  

○ Less than half of all homes currently have this technology in place for 
general prevention. According to CCRS data, 20-40% are not providing 
pressure relieving mattresses for residents with Stages 2-4 PUs  
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HINF Program (Post 2013)
○ Effective January 1, 2013, Nursing & Personal Care and Raw 

Food per diem increases replaced ten of the HINF categories: 
» NPC ($0.63): Wound Care, Vital Pain Management, 

Treatment and Transfer, Staff Training, Ostomy Supplies, 
Oxygen Supplies, Assessments 

» RF ($0.12): Oral Feeds, Enteral Nutrition, Total Parenteral 
Nutrition 

○ Rationale: “Per diem funding is intended to support a focus on 
prevention, including the prevention of wounds from occurring 
in the first place, and reduce administrative burden by largely 
eliminating claims application”
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FOOT ULCERS (DIABETES)

�8.3% of the world’s population. Around 
80% of these people live in developing 
countries. 

�25% lifetime risk of developing a foot 
ulcer 

�Foot ulcers precede 84 % of all non-
traumatic lower limb amputations in 
PWD.

�Every 20 seconds a lower limb is lost to diabetes somewhere in 
the world.



 BEST PRACTICE GUIDELINES: WOUND MANAGEMENT IN DIABETIC FOOT ULCERS 1

INTRODUCTION

Introduction 

DFUs are complex, chronic wounds, which 
have a major long-term impact on the 
morbidity, mortality and quality of patients’ 
lives1,2. Individuals who develop a DFU are at 
greater risk of premature death, myocardial 
infarction and fatal stroke than those without 
a history of DFU3. Unlike other chronic 
wounds, the development and progression of 
a DFU is often complicated by wide-ranging 
diabetic changes, such as neuropathy and 
vascular disease. These, along with the 
altered neutrophil function, diminished tissue 
perfusion and defective protein synthesis 
that frequently accompany diabetes, present 
practitioners with specific and unique man-
agement challenges1.

DFUs are relatively common — in the UK, 
5–7% of people with diabetes currently have 
or have had a DFU4,5. Furthermore, around 
25% of people with diabetes will develop a 
DFU during their lifetime6. Globally, around 
370 million people have diabetes and this 
number is increasing in every country7. Dia-
betes UK estimates that by 2030 some 552 
million people worldwide will have diabetes8. 

DFUs have a major economic impact. A US 
study in 1999 estimated the average out-
patient cost of treating one DFU episode as 
$28,000 USD over a two–year period9. Aver-
age inpatient costs for lower limb complica-
tions in 1997 were reported as $16,580 USD 
for DFUs, $25,241 USD for toe or toe plus 
other distal amputations and $31,436 USD 
for major amputations10,11. 

The EURODIALE study examined total direct 
and indirect costs for one year across several 
European countries. Average total costs 
based on 821 patients were approximately 
10,000 euros, with hospitalisation represent-
ing the highest direct cost. Based on preva-
lence data for Europe, they estimated that 
costs associated with treatment of DFUs 
may be as high as 10 billion euros per year12.
 
In England, foot complications account for 
20% of the total National Health Service 
spend on diabetes care, which equates to 
around £650 million per year (or £1 in every 
£150)5. Of course, these figures do not take 
account of the indirect costs to patients, 

such as the effect on physical, psychological 
and social wellbeing and the fact that many 
patients are unable to work long term as a 
result of their wounds6.  

A DFU is a pivotal event in the life of a 
person with diabetes and a marker of serious 
disease and comorbidities. Without early 
and optimal intervention, the wound can 
rapidly deteriorate, leading to amputation of 
the affected limb5,13. 

It has been estimated that every 20 seconds 
a lower limb is amputated due to complica-
tions of diabetes14. 

In Europe, the annual amputation rate for 
people with diabetes has been cited as 0.5-
0.8%1,15, and in the US it has been reported 
that around 85% of lower-extremity  
amputations due to diabetes begin with foot 
ulceration16,17. 

Mortality following amputation increases 
with level of amputation18 and ranges from 
50–68% at five years, which is comparable 
or worse than for most malignancies13,19 
(Figure 1). 

The statistics need not make for such grim  
reading. With appropriate and careful 
management it is possible to delay or avoid  
most serious complications of DFUs1.  
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FIGURE 1: Relative five-year mortality (%) (adapted from19)

ischemia: data of a cohort study of 564 patients.
Eur J Vasc Endovasc Surg 2006;32:484–90.

6 Cancer Statistics: Registrations Series. London:
Office for National Statitistics (ONS), 2004. ISSN
01434829

7 American Cancer Society. Cancer Facts and Figures.
Atlanta: American Cancer Society, 2000.

8 Kulkarni J, Pande S, Morris J. Survival rates in
dysvascular lower limb amputees. Int J Surg 2006;
4:217–21.

9 Ramdev P, Rayan SS, Sheahan M, Hamdan AD,
Logerfo FW, Akbari CM, Campbell DR, Pomposelli
FB. A decade experience with infrainguinal revas-
cularization in a dialysis-dependent patient pop-
ulation. J Vasc Surg 2002;36:969–74.

10 Pomposelli FB, Kansal N, Hamdan AD, Belfield A,
Sheahan M, Campbell DR, Skillman JJ, Logerfo
FW. A decade of experience with dorsalis pedis
artery bypass: analysis of outcome in more than
1000 cases. J Vasc Surg 2003;37:307–15.

Figure 1. Five-year mortality (%). Perhaps now is the time to change our discussion with health-care administrators, policy makers

and especially ourselves. The disease state that many of us treat routinely is, quite literally, killing our patients at a rate comparable

to cancer. Addressing this issue aggressively may alter this and make a difference for millions of people worldwide.
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EDITORIAL

Are diabetes-related wounds and amputations worse than cancer?       
David G Armstrong et al. 



A prior DFU is an almost obligatory prereq-
uisite for DFIs. This is true even though, in some 
cases, the wound may have closed over before 
DFI presentation 9.Numerous observational 
studies have indicated that DFUs have a 
multifactorial nature. It is well established 
that insulin deficiency (absolute or relative) 
is the basis of the biochemical abnormali-
ties that lead to the organic complications 
of diabetes mellitus 12 (namely, neuropathy) 
and the biological deficits of tissue healing 
and regeneration. It has also been estab-
lished that perfect and persistent glycemic 
control, with either insulin or oral agents, 
stop 13 and probably regress 14 these com-
plications. DFUs result from a complex 
interaction of two major risk factors: neu-
ropathy and peripheral vascular disease. 
Neuropathy, both symmetric and bilateral, 
plays the main role with varying degrees 
of alterations in autonomic, sensory, and 
motor functions. Playing a secondary role is 
peripheral vascular disease resulting from 
atherosclerosis (Figure 1). Approximately 
50 to 60% of all DFUs can be classified as 
neuropathic. Signs or symptoms of vascular 
compromise are observed in 40 to 50% of 

all patients with the vast majority having neu-
roischemic ulcers, and only a minority of patients 
have purely ischemic ulcers 15.

Diabetic foot infection (DFI) treatment accounts 
for up to one-quarter of all diabetic admissions 
in both Europe and the United States making it 
the single most common reason for DM-related 
hospital admission 6. In the longer term, costs 
are even higher as DFUs have recurrence rates 
of up to 70% in centers of excellence, resulting 
in repeated interventions and progressive 
disability7. 

Recognizing this predictable progression, 
the solution includes developing structured 
screening tools to identify those at risk and 
implementing both standardized education and 
prevention protocols. Different countries and 
healthcare systems have implemented such 
approaches to diabetic foot care, some with 
reported success 4 and others with reported 

failure 8. As stated by Lavery et al. 9, however, 
even with the best of preventive care, 9% of 
patients with DM will still develop a DFI, with 
the consequent risk of amputation. This partial 
failure of prevention strategies supports the 
need to develop a framework for diagnos-
ing and treating patients with suspected DFIs. 
This assumes special importance in DFIs that 
require hospitalization, as strategies have proven 
efficacy in reducing morbidity, mortality, psycho-
logical distress, and financial costs10. Despite 
the publication of different clinical guidelines for 
DFI management, there is still practical variation 
in inpatient management 10,11. This paper aims 
to provide a hospital-based framework for the 
diagnosis and treatment of DFIs, based on a 
pathophysiological approach.

Open access publishing The Journal of  Diabetic Foot Complications 2012;  Volume 4, Issue 2, No. 1, Pages 26-45
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Pathophysiology   

Figure 1: Diabetic foot ulcer (DFU) and diabetic foot infection (DFI) pathophysiology. 
DFU results from a complex interaction of a number of risk factors. Neuropathy (with 
alterations in motor, sensation, and autonomic functions) plays the central role and 
causes ulcerations due to trauma or excessive pressure in a deformed foot without 
protective sensibility. Once the protective layer of skin is broken, deep tissues are 
exposed to bacterial colonization. Infection is facilitated by DM-related immunological 
deficits, especially in terms of neutrophils, and rapidly progresses to the deep tissues.



Ten per cent felt unsafe wearing orthotics in the home
(e.g., to the washroom at night and around the house). Use
of all prescribed orthotics was significantly lower with
clients who have had diabetes for more than 20 years (OR
0.31; p<0.009). Clients who had monthly incomes greater
than $500 were more likely to wear all prescribed orthotics
than those with monthly incomes less than $500 (OR 2.86;
p<0.03). 

Of all the clients who responded to the survey, only a
small percentage had their feet examined by their family
physicians (Figure 9). The majority of clients reported that
their primary care physician never or only occasionally
checked their feet (62.8 per cent); only a small percentage
(8.2 per cent) reported that their feet were checked each
visit. A minority of clients at the wound-care clinic were
told to wear orthotics by their family doctor (19.6 per cent)
(Figure 10). The most common obstacle reported was that
clients could not access the resources they wanted through
their primary care physicians. 

Chronic non-healing foot ulcers in PWD without appro-
priate plantar pressure redistribution (downloading) are
prone to serious complications. We examined the complica-
tions of diabetic neuropathic ulcers by surveying clients
attending the wound clinics in Toronto and Mississauga.
Eighty-six clients were recruited in the study in 2002. A
substantial percentage of the clients at the wound-care
centre had sought medical help through emergency depart-
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Patient Perception
of Orthotic Use
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FIGURE 11

           

Audit of leg and foot ulcer in an Ontario community care access centre: 
Foot check

¤ Not enough time. 
¤ More work for me. 
¤ Not sure what to do?



60 second foot screen

http://cawc.net/en/index.php/resources/60-second-diabetic-foot-screen/





TRANSITIONAL APPROACH TO TISSUE PROTECTION

Deep open 
wound 

• Total Contact 
Cast (TCC) 

Shallow wound 

• Removable Cast 
Walkers 

• Felted Foam 

Newly closed 
wound 

• Carville Healing 
Sandal 

• Diabetic Healing 
Shoe 

Closed wound  
x 2-4 Weeks 

• Depth Shoe with 
Rocker Sole 



22



Em
pow

er 
sel

f m
ana

ge
men

t













Compression therapy in mixed ulcers increases venous output and arterial perfusion. 
Mosti G1, Iabichella ML, Partsch H. J Vasc Surg. 2012 Jan;55(1):122-8. doi: 10.1016/j.jvs.2011.07.071. N=25

http://www.ncbi.nlm.nih.gov/pubmed?term=Mosti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21944912
http://www.ncbi.nlm.nih.gov/pubmed?term=Iabichella%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=21944912
http://www.ncbi.nlm.nih.gov/pubmed?term=Partsch%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21944912
http://www.ncbi.nlm.nih.gov/pubmed?term=Partsch%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21944912
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The geko™ device, as an adjunctive therapy, 
is appropriate when:

 A wound has healed less than 30% in  
4 weeks of care

 Compression cannot be tolerated or is 
contraindicated

 Patient has a fixed ankle joint or poor ankle flexion 

 Lower limb muscle pumps are impaired or inactive

 Edema management has been a factor in  
wounds healing

 Wound, ischemia and edema may be the underlying 
cause of pain

  Patient has an increased risk of Venous 
Thromboembolism

There is a high incidence  
of chronic wounds11

The geko™ device stimulates the common 
peroneal nerve activating the calf and foot  
muscle pumps, increasing venous, arterial  
and microcirculatory blood flow9.

The increase in blood flow is similar to that 
achieved by walking, up to 60%.

Small, light and comfortable to wear, the self-
contained, battery powered geko™ device:
 Has no wires or leads – no tripping hazard

 Weighs just 10g

 Is easy and quick to fit

 Silent operation 

How it works

The geko™ device stimulates the common 
peroneal nerve activating the calf and foot  
muscle pumps, increasing venous, arterial  
and microcirculatory blood flow9.

The increase in blood flow is similar to that 
achieved by walking, up to 60%.

Small, light and comfortable to wear, the self-
contained, battery powered geko™ device:
 Has no wires or leads – no tripping hazard

 Weighs just 10g

 Is easy and quick to fit

 Silent operation 

How it works





Skin tears

u Pain 

u Risk of infection 

u Cost
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MOISTURIZER AND SKIN TEARS

u A cluster randomised controlled trial: Carville, K et al., 
IWJ. 

u Twice-daily application of a commercially available, 
standardised pH neutral, perfume-free moisturiser on 
their extremities or no standardised skin-moisturising 
regimen.  

u A total of 1396 skin tears on 424 residents were recorded.  

u The application of moisturiser twice daily reduced the 
incidence of skin tears by almost 50% in residents living in 
aged care facilities.
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CONSENSUS STATEMENT ON SKIN 
TEARS AND BEST PRACTICE 
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Skin health 
bundle for 
pressure injuries, 
skin tears, leg and 
foot ulcers

SETTING A  
NEW STANDARD 
IN SKIN HEALTH.

SKINTEGRITY ™
Total Skin Health Solution



Patient	entered	
concerns



The effects of stress on wound healing.

Guo S , DiPietro L J DENT RES 2010;89:219-229
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Prevents trauma to fragile periwound skin

• Peel	forces	and	skin	stripping

Tradi<onal	adhesives

Dressing	with	silicone



6 Chapter 1 Quality of Life and Chronic Wound Care

when the real problem is that the care plan has 
not been properly individualized to their specific 
needs taking into account their perspectives on 
QoL.

Person Coping with a Chronic 
Wound
People who are living with chronic wounds 
describe the experience as isolating, debilitat-
ing, depressing, and worrisome, all of which 
contribute to high levels of stress. Stress has a 
direct impact on QoL. Lazarus and Folkman25 
postulated that stress is derived from cognitive 

 appraisals of whether a situation is perceived as 
a threat to one’s well-being and whether coping 
resources that can be marshaled are sufficient 
to mitigate the stressor. Stress appraisal is con-
structed when the demands of a situation outstrip 
perceived coping resources.25 While no one is 
immune to stress, the impact of a chronic wound 
on individual’s perception of well-being and QoL 
depends on personal meanings and values that 
are assigned to the demands that arise from liv-
ing with a chronic wound. Coping is less adaptive 
or effective if people lack self-esteem, motivation, 
and the conviction that they have the aptitude to 
solve a problem. Woo26 evaluated the relationship 
between self-perception and emotional reaction 

Sociocultural
system

Person coping
with a chronic

wound: appraisal
& coping
resources

Political
system &
policies

Health care
system

Wound status
& treatment

Social
relationships:

e.g., roles,
citizenship,

support

Financial
resources
and cost:

Emotions and
psychological

state: e.g.
depression,

anxiety

Functional
status:

e.g., mobility,
self care,

sleep

Pain and
other

symptoms

Figure 1-1. Chronic wound–related quality of life (CW-QoL) framework. (Copyright © 2014 KY Woo.)
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Debridement
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Debridement

u Removal of devitalized 
tissue  

u Eschar (leathery tissue) 

u Slough (yellow or tan 
colored) 

u Devitalized tissue causes a 
pro-inflammatory effect 

u Culture media for bacterial 
proliferation 

u Removal of biofilm 
(protective layer for 
bacteria)
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of treatment. Each individual primary investigator at each

study center determinedwhether an additional application

of BSC was appropriate. If the wound appeared to be

covered by BSC at follow-up visits, no new BSC was

reapplied and no debridement was performed.4 Patients

were followed for a total of 6 months, but completewound

closure was determined by week 12 and defined as

complete (100%) epithelialization with no wound drainage.

The original trial had a total of 208 patients enrolled, but

only 143 of these patients had photographs that could be

evaluated appropriately for this study.

The DPI score was applied to each patient, as

explained earlier (Figure 1 and Table 1) Pre-debridement

photographs were used to determine if callus, ulcer’s edge

undermining, and wound bed necrotic and infected tissue

were present. Post-debridement photos were used to

determine whether the necessary debridement interven-

tion was properly accomplished. These determinations

were done blindly. Later, for correlation with complete

wound closure, data on ultimate outcome byweek 12were

obtained from the case report forms.

Statistical analysis
Somer’s D, Pearson and Spearman Correlations, and

Cochran-Armitage trend tests were used to evaluate the

association and trend between the DPI and complete

wound closure for all patients. Logistic regression analysis

was used to evaluate the association of DPI and complete

wound closure after controlling for use of BSC.

RESULTS
We found that for control and BSC groups combined, there

was a significant association between DPI and complete

FIGURE 1. Photographs showing different DPI stages. (A) Diabetic foot ulcer with wound bed eschar, skin undermining, and callus. At this

point DPI ¼ 0 if no debridement is performed. (B) Debridement or ‘‘saucerization’’ of wound bed callus and skin undermining. If

debridement is only done to this point, then DPI ¼ 2. (C) Debridement of wound bedwith curette. (D) Adequately debrided diabetic foot

ulcer. DPI ¼ 3. If wound had initially presented with no callus, skin undermining, or necrotic/fibrinous wound bed, thus requiring no

debridement, DPI would have equaled 6.

WOUND REPAIR AND REGENERATION
NOVEMBER–DECEMBER 2002356 SAAP AND FALANGA



regional anesthesia and results in the creation of a new
wound (graft donor site) with associated risks such as
infection. In addition, the graft take is variable with the
possibility of complete graft loss.

Chronic ulcers, unlike acute ulcers, seldom follow
the normal pattern of repair. Several factors such as the
alterations and imbalance in the actions of cytokines,
growth factors, and cellular and extracellular elements
have been purported to contribute to the nonhealing
nature of chronic ulcers.17–20 In addition, there is accu-
mulation of nonviable tissue and slough, and excess
exudate, all of which encourage bacterial colonization
and prevent healing.21,22 Furthermore, in chronic
ulcers, when bacteria proliferate, they form micro-
colonies that attach to the wound bed and secrete a
glycocalyx or ‘‘biofilm’’ that helps to protect them from
the action of antimicrobial agents.23

The role of debridement, therefore, is to efface the
wound bed of excess exudate, expunge nonviable
material and slough, and disassemble or dislodge bac-
terial colonies (biofilms). Although various forms of
debridement have been advocated to enhance healing,
none has gained universal acceptance. Randomized
controlled trials are lacking and there is insufficient
evidence at present to advocate any one form of
debridement in the management of CVLU.24

Surgical debridement is not a new technique and
historical texts show that ancient civilizations often
made surgical changes to the wound bed.25 It is the
most rapid way of removing the nonviable, unhealthy

material from the wound. Surgical debridement is per-
formed in the operating room, usually under regional or
general anesthetic, when there is a need for extensive
debridement to remove necrotic tissues, and if the
patient is septic.26 Sharp debridement, on the other
hand, can be performed at the patient’s bedside, in
the home or clinic, using a sharp instrument such as a
scalpel27 or curette.28 Although all forms of debride-
ment aim to remove the detrimental agents from the
wound bed, sharp debridement, in addition, creates
acute wounds, which not only improves the vascularity
of the ulcer bed, but also stimulates an acute wound
healing response. Once hemostasis is secured, neutro-
phils and macrophages are attracted to the wound site.
The action of these cells, in addition to secreting
growth factors and enhancing inflammation, is to
phagocytize bacteria (sharp debridement helps to
break down bacterial colonies) and nonviable tissue
present within the wound. The cytokines and growth
factors released into the ulcer bed after debridement
can act more effectively in an exudate- and slough-free
environment. These features distinguish sharp from
other forms of debridement.

In this study, although the overall reduction in MSA
between the groups failed to reach statistical signifi-
cance over the 20-week follow-up period, sharp debride-
ment was clearly effective in initiating the healing
process in the study group, as observed by the 6 cm2

reduction in the MSA achieved by ulcers within 4
weeks of debridement compared to 1 cm2 reduction
in controls. The patient’s ulcers also continued to
show a decrease in MSA until week þ 20, achieving
a 7.4 cm2 decrease from the point of debridement
compared to the 1.3 cm2 increase observed in controls
(P¼ 0.008) during the same period.

The patients in the study group had nonhealing
ulcers whose wound beds had slough and nonviable
tissue, but no granulation tissue. The patients in the
control group also contained nonhealing ulcers but
their wound beds had 15–20% granulation tissue (but
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FIGURE 1. Rate of healing of the two patient
groups over the 24 weeks of the study.

Table 5. Infection rates and antimicrobial usage 4 weeks
following debridement

Study group Control group P-value

n (ulcers) 26 27
Infection* 8 (31%) 10 (37%) 0.77
Antimicrobial usage** 15 (58%) 13 (48%) 0.49

*Clinical infection with or without microbiological confirmation.
**Use of topical or oral antimicrobials for wound infection or concurrent use for
other indication.

WOUND REPAIR AND REGENERATION
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Effect of sharp debridement using curette on recalcitrant
nonhealing venous leg ulcers: A concurrently controlled,
prospective cohort study

DEAN WILLIAMS, MBBS, FRCS(Eng), FRCS(Gen Surg)a,b; STUART ENOCH, MBBS, MRCSEd, MRCS(Eng)a;
DAVID MILLER, BMBS, MRCSEda; KAREN HARRIS, RGNa; PATRICIA PRICE, PhD, AFBPsS, CHPsychola; KEITH
G. HARDING, MB ChB, MRCGP, FRCSa,b

The objective of this study was to evaluate the effect of sharp debridement on the progression of recalcitrant
chronic venous leg ulcers (CVLU) and to assess the feasibility of performing this procedure in an outpatient
setting. We performed a prospective study of 55 CVLU (53 patients) over a 12-month period. The study group,
which underwent debridement, contained 28 CVLU whose wound beds had slough, nonviable tissue, and no
granulation tissue. The control group was 27 CVLU with minimal (15–20%) granulation tissue, but no slough or
nonviable tissue. Treatments were otherwise similar. Age, body mass index, mean ulcer surface area (MSA)
and mean ulcer duration were comparable in both groups. Ulcer measurements were taken at 4 weeks before
debridement, at the time of debridement, and 4 and 20 weeks post-debridement. There was no change in the
MSA from 4 weeks before to the time of debridement in either group. At 4 weeks post-debridement, the study
ulcers showed a 6cm2 reduction in the MSA vs. a 1cm2 reduction in controls (P¼ 0.02). By week 20 post-
debridement, the study ulcers achieved a 7.4cm2 reduction in the MSA vs. an increase of 1.3cm2 in controls
(P¼ 0.008). Between weeks 8 and 20 post-debridement, 16% of study ulcers vs. 4.3% of control ulcers achieved
complete healing. Infection rates and antimicrobial usage were similar. We conclude that sharp debridement
is effective in stimulating healing of recalcitrant CVLU. It is safe, well tolerated, and can be performed in an
outpatient setting. (WOUND REP REG 2005;13:131–137)

Despite advances in molecular biology and tissue-
engineering, and a repertoire of other therapeutic
options, venous leg ulceration remains a significant
problem in the elderly. This problem is likely to worsen
further with the predicted increase in the aged population.
The estimated prevalence of active leg ulceration in
Europe is at least 0.1–0.3%, with more than 1% of the
population being affected at some time in their
lives;1,2 about 70% of such leg ulcers are caused by
venous disease.1

Although the majority of simple venous ulcers
respond to appropriate standard treatment, some
ulcers are refractory to all conventional forms of ther-
apy, and become chronic venous leg ulcers (CVLU).

ABPI Ankle-brachial pressure index

BMI Body mass index

CVLU Chronic venous leg ulcer

MSA Mean ulcer surface area
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When	a	radical	
resection	leaves	no	

remaining	infected	tissue,	use	
antibiotic	therapy	for	only	a	
short	duration	(2–5	days)	



Mechanical
47





Biological
49

The	excretions/secretions	of	Lucilia	sericata	
larvae	(maggots)	have	effective	activity	for	
debridement	and	disruption	of	bacterial	biofilms.		
Chymotrypsin	disrupts	protein-adhesin	mediated	
bacterial	biofilm	formation	mechanisms.



Ultrasonic
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Chemical/ Enzymatic debridement: Collagenase, 
Elastase, Papain-urea, Bromelian, Surfactant



BIOFILM AND CHRONIC WOUNDS

Biofilm identified in  
60% of biopsies in chronic wounds  
4% in acute wounds



Bacteria with a biofilm phenotype predominate on the surface of wounds 

Contamination	 Colonization	 Biofilm	(critical	
colonization)	

Deep/systemic	
infection	





MolecuLight	i:X	penetrates	up	to	1.5	mm	below	the	tissue	
surface,	where	microorganisms	fluoresce	red	while	the	
protective	matrix	is	invisible

Microorganism	
layer

Protective	matrix

B

C

A	-	wound	with	biofilm	imaged	with	the	MolecuLight	i:X	on	a	
porcine	model.		B	-	the	biofilm	layer	has	been	peeled	off.		C	–	
the	biofilm	layer	imaged	after	removal	from	the	wound.	

This	biofilm	had	high	levels	of	contamination	with	at	least	three	
bacterial	species:	staphylococcus	hyicus	(Methacillin	resistant),	
acinetobacter	baumannii,	and	klebsiella	pneumoniae.	

A1	cm

Biofilm	imaging	with	the	
MolecuLight	i:X

1.	Essential	Microbiology	for	Wound	Care,	Oxford	University	Press,	1st	edition,	2016

Biofilm

A biofilm is an aggregate of microorganisms 
attached to a surface, encased in a 
protective matrix.1  
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Chronic wound
Static healing, moderate improvement with repeated rounds of oral antibiotics

Suspected biofilm

Reduce biofilm burden
t debridement/vigorous cleansing

Prevent recontamination with microorganisms t barrier dressing 
AND

Suppress biofilm reformation t sequential topical antimicrobials

Healed

Reassess healing

Biofilm-based wound care (BBWC) 



U-	
unhealthy	
tissue

Presence	of	>50	%	of	debris,	red	
friable	tissue	or	abnormal	
discoloration	of	granulation	tissue	

P-		
poor	healing

Changes	in	wound	size	of	less	than	
10%	in	last	7	days

P-	
pain

Sudden	emergence	of	increase	in	
pain

E-	
exudate

Moderate	to	heavy	amount	of	
exudate

R-	
reek

Presence	of	foul	odor

INCREASED BACTERIAL BURDEN IN THE UPPER COMPARTMENT



L-Larger	in	size Increase	in	wound	size	or	new	
areas	of	satellite	breakdown

O-osseous	
tissue

Wound	that	probes	to	bone

W-warmth Increased	periwound	
temperature	of	more	than	20	F	
compared	to	temperature	on	
contralateral	limb

E-edema Mild	to	moderate	edema

R-redness Redness	of	>2	cm	beyond	
wound	margin

Increased bacterial burden in the lower compartment
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TISSUE BIOPSY: A GOLD STANDARD

The 2015 challenge of the
International Working Group

RECOMMENDATIONS
PRACTICE-BASED

ON THE DIABETIC FOOT

on the Diabetic Foot

The 2015 challenge of the
International Working Group

RECOMMENDATIONS
PRACTICE-BASED

ON THE DIABETIC FOOT

on the Diabetic Foot

© 2015 International Working Group on the Diabetic Foot

Ideally, the bone specimen should be processed for both culture and histopathology. Infected bone usually has 
inflammatory cells (granulocytes early and mononuclear cells later), while the histomorphology of uninfected 
bone is normal in diabetic patients, including those with neuropathy or peripheral arterial disease (112,113). 
Work by one group has suggested that histopathology examination may help to defi ne three types of DFO: (1) 
acute, defi ned by necrosis and infi ltration of polymorphonuclear granulocytes in cortical and medullary sites, 
usually associated with congestion or thrombosis of small vessels; (2) chronic, characterized by destroyed bone 
and infi ltration of lymphocytes, histiocytes or plasma cells; and, (3) acute exacerbation of chronic osteomyelitis, 
with a background of chronic osteomyelitis with infi ltration of polymorphonuclear granulocytes (114). However, 
we need further evaluation of these fi ndings from other groups. The concordance among several pathologists in 
diagnosing DFO in bone samples was found to be low in one study, but this may have been related to a lack of 

Prepared by the IWGDF Working Group on Foot Infections

IWGDF Guidance on the diagnosis and management 
of foot infections in persons with diabetes

Recommendations

Introduction

Pathophysiology

Diagnosis and 
Classifi cation 

Soft tissue infection

Osteomyelitis

Assessing severity

Microbiological 
considerations

Treatment

Key Controversies

References

Systematic review 

Divide specimen for:
- Microbiology
- Histopathology

Figure 1: Technique of percutaneous bone biopsy of the foot

Note: May be done at bedside, in a radiology suite or in the operating theatre. If needed, can use fl uoroscopic or 
computed tomographic guidance. If bone core obtained, send to microbiology for aseptic division with one piece 
for culture and the other sent to histopathology. 
(Photographs courtesy of Dr E. Beltrand, Orthopedic Surgery Department, Dron Hospital, Tourcoing France)



Biofilm Based Wound Care (BBWC)

Wound Bioburden

Systemic Antibiotics

Antimicrobial Dressing

Control of Tissue Invasion

Control of Wound Bioburden

Systemic	antibiotics
Lower compartment infection

Topical	anti-microbial
Upper compartment bioburden

Newly formed biofilms are susceptible to antimicrobial.  
Rotating topical antiseptic for recalcitrant wounds.  



Antimicrobial 
toolkit Io

di
ne

PHMB

GVMB

Silve
r

Honey



Winter	GD.	Formation	of	scab	and	rate	of	epithelialization	of	superficial	wounds	in	the	
skin	of	domestic	pig.	Nature	193:293-294,1962

MOIST WOUND HEALING

A B

A

B



Moisture	Balance
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FORMS AND FUNCTIONS



 
Key challenges for the patient 
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There is insufficient evidence to support any 
topical agent/dressing affects wound healing
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u Alginate dressings for venous leg ulcers. O'Meara S, Martyn-St James M, 
Adderley UJ. Cochrane Database Syst Rev. 2015 Aug 19;8:CD010182.  

u Alginate dressings for treating pressure ulcers. Dumville JC, Keogh SJ, Liu Z, 
Stubbs N, Walker RM, Fortnam M. Cochrane Database Syst Rev. 2015 

u Hydrogel dressings for treating pressure ulcers.  Dumville JC, Stubbs N, Keogh SJ, 
Walker RM, Liu Z.  Cochrane Database Syst Rev 

u Dressings for treating foot ulcers in people with diabetes: an overview of 
systematic reviews. Wu L, Norman G, Dumville JC, O'Meara S, Bell-Syer SE.  
Cochrane Database Syst Rev. 2015  

u Dressings and topical agents for arterial leg ulcers.Forster R, Pagnamenta F.  
Cochrane Database Syst Rev. 2015 Jun 29;6:CD001836. 

u Negative pressure wound therapy for treating pressure ulcers. Dumville JC, 
Webster J, Evans D, Land L.  Cochrane Database Syst Rev. 2015 May 
20;5:CD011334.



Odour control

u Wound cleaning and use of dressings for exudate 
control is important to help reduce odour  
u Metronidazole (orally or topically) can be helpful  

u Metronidazole 500 mg bid or tid PO/IV  

u Gel or injectable metronidazole can be applied (not 
injected) on the wound with each dressing change  

u Activated-charcoal and antimicrobial (silver) dressings 
can help absorb and reduce odour when the 
dressings completely cover the wounds and contain 
the volatile substances responsible for the malodour 
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Adjunct therapy 

Which adjunct therapy 
would you use?  

• NPWT 
• HBOT (hyperbaric 
oxygen) 

• Topical oxygen 
• MMP inhibitor/
protease modulating 
dressing  

• E-stimulation 
• Ultraviolet 
• Ultrasound 



kevin.woo@queensu.ca
Questions???
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