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Introduction
Difficult-to-heal and chronic

wounds, such as venous, diabetic, pres-
sure, and arterial insufficiency ulcers,
affect millions of people in the United
States. Several reviews of
incidence/prevalence studies have been
published.Venous ulcers are estimated
to affect approximately 2.5 million
people in the United States.1,2

Approximately 6% (0.882 to 1.2 mil-
lion) of the 14.7 to 20 million people
with diabetes in the United States are
at risk of developing diabetic neuro-
pathic ulcers over any given 3-year
period.3,4 Pressure ulcers afflict an addi-
tional 1.3 to 3 million people,5 includ-
ing an estimated 10%–18% of those in
acute care and up to 28% of those in
extended care facilities.6 The total
direct annual cost incurred in the treat-
ment of these wounds is estimated to
be in the tens of billions of dollars.7–9

Recent estimates suggest that com-
plete wound closure is achieved in as
low as 25%–50% of chronic wounds,
specifically venous and diabetic ulcers,
following up to 20 weeks of treat-
ment.10–12 The delayed healing of these
wounds has a significant negative

Maintenance Debridement in the Treatment
of Difficult-to-Heal Chronic Wounds
Recommendations of an Expert Panel
Vincent Falanga, MD;1,2 Harold Brem, MD;3 William J. Ennis, DO;4 Randall Wolcott, MD;5 Lisa J. Gould, MD,
PhD;6 Elizabeth A. Ayello, PhD, RN7

From 1Boston University, Departments of Dermatology and Biochemistry, Boston, MA; 2NIH Center of Biomedical
Research Excellence, Roger Williams Medical Center, Providence, RI; 3Division of Wound Healing & Regenerative
Medicine, Department of Surgery, New York University School of Medicine, New York, NY; 4University of Illinois, Chicago,
IL; 5Southwest Regional Wound Care Center, Lubbock, TX; 6James A. Haley Veterans’ Hospital, Department of Surgery,
Tampa, FL; 7Excelsior College School of Nursing, Albany, NY

Address correspondence to: Vincent Falanga, MD, Roger Williams Medical Center, Dept. of Dermatology, 50 Maude Street, Providence,
RI 02908; E-mail: vfalanga@bu.edu

Abstract

Introduction: Maintenance debridement has been proposed as a ther-
apeutic intervention to address the problem of chronic wounds charac-
terized by an adequate wound bed but absent or slow healing. A panel
of experts convened to address the rationale and method of mainte-
nance debridement.

Purpose: The goals of the panel were to summarize the scientific ration-
ale for maintenance debridement, discuss the biochemical and cellular
abnormalities in the wound bed, and provide a working algorithm for
how maintenance debridement should be used.

Methods: A multidisciplinary panel of wound healing and wound care
experts comprising the fields of nursing, dermatology, internal medicine,
and surgery was assembled to address maintenance debridement from
different points of view and offer a unified approach.

Findings: The chronic wound contains a number of microbial, biochem-
ical, and cellular features and abnormalities that prevent or slow its pro-
gression to healing despite a seemingly adequate wound bed. Under
these circumstances, maintenance debridement is proposed as a way to
remove tissues that are colonized with an excessive bacterial burden
and diminish what can be described as a biochemical and cellular bur-
den that impairs healing. A working clinical algorithm is proposed.

Conclusion: Maintenance debridement is a proactive way to “jump-
start” the wound and keep it in a healing mode, even when traditional
debridement may not appear necessary because of a seemingly
“healthy” wound bed.
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impact on quality of life and is associ-
ated with the risk of serious and cost-
ly complications, such as recurring
infections and limb amputation.2,13–15

These treatment failures are devastat-
ing to patients and add many more
billions of dollars to the overall eco-
nomic burden of difficult-to-heal and
chronic wounds (approximately $11
billion for amputations alone).8,13

To promote greater uniformity of
care and improve treatment outcomes,
several professional societies and agen-
cies have published evidence-based
documents that address the care of
chronic wounds. Most recently, these
include the series of guidelines on the
best care of chronic wounds published
by the Wound Healing Society
(WHS),3,5,16,17 the Centers for
Medicare & Medicaid Services Expert
Advisory Panel on the Usual Care of
Chronic Wounds,18 and the Agency
for Healthcare Research and Quality
technology assessment on usual care
in the management of chronic
wounds.19 Other important guide-
lines, including those from the
Wound, Ostomy, and Continence
Nurses Society (WOCN), have been
reviewed as well.19 These guidelines
provide a helpful foundation for the
development of effective treatment
plans and discuss the importance of
effective debridement in achieving
the goals of therapy. Admittedly,
guidelines are evidence-based only up
to a point and are by necessity works
in progress due to changes that occur
in the understanding of the pathogen-
esis of disease processes and the role of
therapeutic agents. Moreover, clini-
cians can benefit from additional
guidance regarding the practical
implementation of specific guideline
recommendations within a compre-
hensive treatment strategy. The need
for clearer recommendations for prac-
tical implementation of debridement

procedures has become more pressing
in light of recent concerns that greater
attention must be paid to the per-
formance and documentation of
debridement.20

In November 2007, an expert panel
was convened in Boston,
Massachusetts, to discuss the princi-
ples of maintenance debridement as a
critical element in a successful wound
care strategy and develop practical
recommendations for its implementa-
tion. The expert, multidisciplinary
panel included clinicians from the
following fields: nursing, dermatol-
ogy, internal medicine, and surgery.
The panel members have had exten-
sive experience in the care of diffi-
cult-to-heal and chronic wounds and
are actively involved in wound care
research and/or education.The focus
was on maintenance debridement
because of a growing body of evi-
dence that demonstrates the deleteri-
ous effects of an unchecked necrotic,
cellular, and bacterial burden on the
ability of wounds to heal.21–31

Moreover, a direct relationship has
been demonstrated between healing
rates and the efficiency and frequency
of debridement.32–35 The panel mem-
bers reviewed the available guidelines
that have been published most
recently3,16,17 and analyzed the scientif-
ic evidence for bacterial, biochemical,
and cellular abnormalities in chronic
wounds.22–31 All authors of this manu-
script were panel members.

MAINTENANCE
DEBRIDEMENT IN THE
CONTEXT OF WOUND BED
PREPARATION: GLOBAL VIEW

Truly active and effective treat-
ments for chronic wounds have
emerged only recently, within the last
10 years. First, topically applied
recombinant human platelet-derived
growth factor (rhPDGF) was

approved for the treatment of diabet-
ic neuropathic foot ulcers. Shortly
thereafter, a living bilayered skin con-
struct received regulatory approval
for treating venous and diabetic
ulcers.23,34,36 With the emergence of
these sophisticated products, which
were the result of many decades of
research and technological advances,
came the expectation that the clinical
outcome for chronic wounds would
be dramatically improved. However,
panel members believe that three
obstacles became apparent shortly
after these and other advanced prod-
ucts were approved for clinical use.
Admittedly, complete published data
on these obstacles and how they
affect clinical care in a measurable
way are not available.Two rather pre-
dictable obstacles were reimburse-
ment and acceptance by clinicians.
The reimbursement issues have now
been largely dealt with satisfactorily,
at least for some tissue skin substi-
tutes. Moreover, in response to edu-
cational efforts, clinical evidence, and
guidelines, clinicians are now increas-
ingly using these advanced therapeu-
tic agents. A more interesting obsta-
cle to the success of advanced thera-
pies, however, was unexpected. It
became clear that even experienced
clinicians were not paying close
enough attention to the state of the
wound bed and what would be
required for advanced products to
display their optimal efficacy. This
had become clear during the
rhPDGF trials34 and after the approval
of living skin substitutes.22

As a result, the concept of wound
bed preparation was developed to
address the overall state of the wound
and the steps necessary to optimize
both the endogenous process of heal-
ing and the effectiveness of advanced
therapeutic agents. After its first for-
mulation,22 the concept was expanded
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in other publications.23–25 The con-
cept of wound bed preparation stim-
ulated the field of chronic wound
care in important and beneficial
ways. It helped clinicians focus on
control of wound exudate, removal
of necrotic tissue, attention to biolog-
ical events that occur during
impaired healing, and the proper
guidelines for conventional treat-
ment.As part of wound bed prepara-
tion, another concept with important
practical ramifications was born:
maintenance debridement.22,23,37 This
concept was based on early evidence
accumulated from clinical trials,22

biochemical and cellular features of
chronic wounds,25,28,30,31,38 and the
determination of increased bacterial
burden and biofilm presence.16,26,39 In
light of these findings, maintenance
debridement represents the need to
restore the healing mode by a pro-
gram of debriding the wound bed
even when the wound bed may
appear clinically adequate.

SCIENTIFIC RATIONALE FOR
DEBRIDEMENT

The importance of debridement
was observed as a secondary out-
come in a randomized, double-
blind, placebo-controlled, multicen-
ter trial of the safety and efficacy of
topically applied rhPDGF in the
treatment of chronic diabetic
ulcers.34 In that trial, all ulcers were
thoroughly debrided (wound bed

and callus) at the beginning of the
study, and the investigators were
allowed to perform additional
debridements during follow-up
when they deemed the procedure
appropriate. The study achieved its
primary goal by demonstrating that
the rate of wound closure was high-
er among ulcers treated with
rhPDGF than those treated with
placebo. An important and unex-
pected finding, however, was that the
centers performing the most fre-
quent debridements had the highest
wound closure rates in both the
rhPDGF and placebo treatment
groups. Similarly, the centers that
performed the least frequent
debridements had the lowest healing
rates.34 These findings suggest that
debridement can lead to improved
clinical outcomes. This conclusion
gains considerable support from
results showing that frequent
debridement of chronic wounds can
help reduce amputation rates.40

As previously discussed, the need
for initial and repeated debridement
of a clearly necrotic or nonviable
wound bed in diabetic neuropathic
foot ulcers was quite evident from
the findings of Steed et al.34 Later, as
less clinically evident abnormalities
present in the wound bed became
more apparent, the concept of main-
tenance debridement evolved.22 The
importance of maintenance debride-
ment gains further support from the

recognition that in difficult-to-heal
and chronic wounds there are many
biochemical, cellular, and bacteriolog-
ical abnormalities that will interfere
with healing and increase the risk of
infection if not frequently or continu-
ally controlled.22–24 Therefore, wounds
that clinically show a seemingly ade-
quate wound bed may benefit from
debridement if healing has stalled.35

There are now promising tools that
can be used to assess the effectiveness
of debridement and wound bed
preparation.Two such studies show a
correlation between the efficacy of
debridement and healing rates.32,33

The Debridement Performance
Index,32 which evaluates the adequa-
cy of debridement, has been shown
to directly correlate with the likeli-
hood of wound closure by Week 12.
This was demonstrated in a valida-
tion study that found that the
Debridement Performance Index,
which is based on the removal of cal-
lus, undermined edges, and necrotic
tissues, was an independent predictor
of wound closure in diabetic foot
ulcers that had been treated with
either standard therapy or a bioengi-
neered skin construct.32 More recent-
ly, the Wound Bed Score (WBS),
which provides a broader and more
global assessment of the wound and
reflects the adequacy of wound bed
preparation in general, has been
shown to be a predictor of ultimate
wound closure in venous ulcers.33,37

The WBS includes assessments of the
presence of eschar, fibrotic tissue, and
callus — all factors that reflect the
adequacy or need for debridement.37

Figure 1 shows how the WBS is
determined. The WBS relies entirely
on critical parameters that are impor-
tant in wound closure and can be
analyzed at the bedside without the
need for laboratory tests. Indeed, the
WBS was developed with the goal

The removal of nonfunctional cells within the
wound bed and at the wound edge, removal of
necrotic tissue, or elimination of biofilms may
promote healing in wounds that are stuck in a
nonhealing mode.
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that the clinician could assess the
wound quickly using purely clinical
inspection.33,37 While the WBS assesses
8 factors, as shown in Figure 1, three of
these (eschar, fibrotic tissue, and callus)
are factors that reflect the need for
debridement. The authors recognize
that a possible discrepancy may be
erroneously detected when we recom-
mend reliance on some of the clinical
parameters used in scoring the wound
(Figure 1) and at the same time state
that the appearance of the wound bed
is not necessarily indicative of a wound
that is going to heal. However, func-
tional parameters incorporated in the
WBS in Figure 1, such as exudate and
resurfacing epithelium, argue against
this possible discrepancy.

The importance of debridement is
supported by new insights into the
unique barriers to healing that exist in
the chronic wound bed. In a recent
study, biofilm-embedded bacteria were
found in the majority of chronic
wounds evaluated (60%) but only a
small percentage (6%) of the acute
wounds studied.26,41 A biofilm is a com-
munity of micro-organisms encased in
a self-secreted matrix (coating) com-
posed of bacterial extracellular poly-
meric substances (EPS) and comman-
deered host factors (fibrinogen), which
tightly bind the biofilm to the wound
bed.23,26 The biofilm gives the individ-
ual bacterium protection from bio-
cides, antibiotics, and the host immune
system, which makes it difficult to
remove those bacteria by any means
other than debridement.26 Biofilms
increase the opportunity for the trans-
fer of genes encoding antimicrobial
resistance between and among individ-
ual bacteria,which increases the poten-
tial for particularly tenacious and viru-
lent infections.26,41 However,as also stat-
ed in a recent publication,26 panel
members realize that more work is
required to fully elucidate the role of

biofilms in delaying the healing of
chronic wounds.

In addition, studies have shown
that the borders of difficult-to-heal
and chronic wounds are often popu-
lated by abnormal cells.23,27,28 These
cells have a markedly diminished
capacity for normal migration and
proliferation, do not respond proper-
ly to growth factors, and may be
incapable of participating in normal
healing.22,28,38 These in-vitro findings
require closer correlation with in-vivo
results, but some studies have found
an association between impaired
healing in vivo and chronic wound
fibroblast abnormalities in vitro
(reviewed in Falanga23).There is evi-
dence that chronic wound fibroblasts
within the wound bed have devel-
oped phenotypic abnormalities in
signal transduction pathways required
for proper responsiveness to growth

factors. These fibroblast populations
are abnormal by a variety of criteria,
including large and bizarre morphol-
ogy, decreased proliferation and lifes-
pan, and decreased responsiveness to
certain growth factors, such as PDGF
and TGF-β. Decreased receptors for
growth factors and signal transduc-
tion abnormalities have been found.38

More recently, venous ulcer fibrob-
lasts have shown decreased expression
of β ig-H3, a key protein that is nor-
mally induced by TGF-β and may
play a role in wound healing.28 These
in-vitro studies have relied on com-
parison of fibroblasts cultured from
chronic wounds with those derived
from acute wounds created in the
same patient.23,28,38 Cells just a few mil-
limeters away from the edge of venous
ulcers exhibit normal physiology and
morphology and have a greater capac-
ity to participate in normal healing.27

Figure 1. The Wound Bed Score (WBS) accounts for assessments of the
wound bed as well as surrounding tissue. Each of the parameters listed
in Figure 1 receives a score of 0 to 2. The scores are added to obtain the
total score (maximal is 16 = best score), which correlates directly with
ultimate wound closure.
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Chronic wounds also have been
shown to have elevated levels of
matrix metalloproteinases, which have
been associated with poor healing.29–31

Debridement may help by removing
abnormal cells and excess matrix met-
alloproteinases and help in the recruit-
ment of normal cells to the wound.22

DEFINITION OF TERMS
Generally, terms are defined before

one addresses the issues that those
terms represent. However, the panel
thought it would be more helpful to
first discuss the background that led to
the evolution and formulation of
maintenance debridement.

The distinction between initial (or
repeated) debridement and mainte-
nance debridement is not necessarily
in the method used but rather in both
the temporal sequence and the ration-
ale.Thus, unlike the initial (and some-
times repeated) debridement, mainte-
nance debridement may be required
even in the context of an adequate
wound bed when the wound shows
continued impaired healing.22,23

Traditionally, the term debridement
has been used to address the removal
of necrotic, damaged, or infected tis-
sue.3,22 Therefore, debridement may

need to be repeated periodically (typ-
ically once or twice a week for chron-
ic wounds) as long as the wound bed
displays the features of necrotic, dam-
aged, and/or infected tissue. This is
what was done in previous studies in
which debridement was found to cor-
relate with faster wound closure. In
those studies, the presence of a newly
formed callus around the neuropathic
diabetic foot ulcer could be considered
evidence of damaged, and certainly
reactive, tissue surrounding the
wound.34 As shown in Table 1, initial
debridement refers to the first debride-
ment performed on a wound follow-
ing the initial evaluation by the clini-
cian.This may or may not, however, be
the first debridement performed dur-
ing the life cycle of a particular
wound. Patients with difficult-to-heal
and chronic wounds may have many
comorbidities and may transition
between multiple clinicians and sites of
care before complete healing is
achieved. Nonetheless, the first time
any clinician sees a patient for wound
care, the wound should always be re-
evaluated and an independent decision
made about the need for debridement.

Maintenance debridement, on the
other hand, can be defined as ongoing

wound debridement to keep the
wound free of impediments to heal-
ing in addition to the removal of
nonviable, damaged, and/or infected
tissue.22,23 Maintenance debridement
was first described in the context of a
novel approach to make the wound
more permissive to healing, the con-
cept of wound bed preparation.22,23 The
expert panel and authors of the pres-
ent manuscript agree that a wound
may need maintenance debridement
to restore and sustain a healing mode.
Thus, in a wound that is resistant to
healing, the clinician must recognize
that other factors that are not clini-
cally detectable upon inspection may
be present in the wound bed. Such
factors include a high bacterial bur-
den or biofilm, a disequilibrium of
tissue metalloproteinases, and wound
cells that have become phenotypical-
ly abnormal (the cellular burden).22,23

The panel suspects that, in time, some
of these parameters may become
more easily measurable and provide a
greater rationale for therapeutic
intervention.

Table 1 defines both initial
debridement and maintenance
debridement, as agreed upon by the
panel. There was discussion among
panel members about what consti-
tutes a lack of wound closure or,
perhaps even more challenging,
inadequate wound closure. This has
important ramifications when dis-
cussing at what point to institute
maintenance debridement and
when to terminate it (Figure 2).
Improvement in the wound, specifi-
cally its depth and surface area, has
long been used as a clinical parame-
ter. However, short of no improve-
ment at all, the critical issue is how
much of an improvement is needed
to regard the wound as closing in a
timely manner.There was consensus
that this should remain an active

Table 1. Definition of terms and goals of debridement

Initial Debridement: The removal of necrotic, damaged, and/or
infected tissue from the wound bed. Removal of periwound callus is
included in this definition. The debridement needs to be repeated as
long as those clinical parameters persist or recur.

Maintenance Debridement: Ongoing debridement to help main-
tain the wound in a healing mode. The debridement intervention is
dictated not only by clinically evident parameters but also by the
need to achieve optimal wound bed preparation. Therefore, mainte-
nance debridement is performed even in the face of a seemingly
healthy wound bed if the wound is not showing evidence of closure.
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area of investigation and testing.
One possibility is to use the rate of
0.75 mm/week of wound edge
advancement (to be discussed later),
which is about 80% sensitive and
specific for ultimate wound closure.
However, an easier way that does
not require calculating the healing
rate is to use the WBS (Figure 1).
Studies are needed to explore the
validity of this recommendation.

GOALS OF INITIAL AND 
MAINTENANCE DEBRIDEMENT 

Some chronic wound care guidelines
have adopted these definitions of
debridement and maintenance
debridement, but in most cases, the
two either have not been crisply sepa-
rated or have been merged. For exam-
ple, in some chronic wound care
guidelines, debridement is listed as a
key element of both infection control

and wound bed preparation.The WHS
guidelines state that debridement “is
required to remove the obvious
necrotic tissue, excessive bacterial bur-
den, and cellular burden of dead and
senescent cells”3,5,16,17 and that mainte-
nance debridement “is needed to
maintain the appearance and readiness
of the wound bed for healing.”3,5,16

These two statements may lead to con-
fusion. Indeed, this discussion is meant

Figure 2. Algorithm for debridement in the care of chronic wounds. Copyright © 2008, V. Falanga.
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to clarify those statements regarding
maintenance debridement. Table 1
defines more clearly the goals of
debridement, re-emphasizing the dis-
tinction between initial and mainte-
nance debridement. This point is
addressed further in the discussion on
the algorithm for debridement (Figure
2) in the next section.

It is essential to emphasize that
complete and timely wound closure
is the overriding objective of all
aspects of wound care, including
debridement, because the latter cor-
relates with wound closure rates.32–34

One can acknowledge that circum-
stances exist in which patient com-
fort and wound stabilization, rather
than complete wound closure, may
be the primary goals of wound care.
However, this approach should apply
to only a small percentage of cases,
such as in those patients for whom
treatment is simply not possible or
practical because of their unique and

underlying comorbidities.42 Terminal
or serious illness, per se, generally is
not considered sufficient cause to
abandon efforts to promote healing.
On the other hand, the exclusive
emphasis on complete wound clo-
sure for all types of wounds, rather
than additional focus on decreased
wound size, pain control, and quality-
of-life improvements, may have made
it more difficult for new therapies to
reach regulatory approval.

IMPLEMENTATION OF
DEBRIDEMENT WITHIN THE
CONTEXT OF AN EFFECTIVE
WOUND CARE STRATEGY

The role of debridement within a
comprehensive wound care strategy
is highlighted in the algorithm
shown in Figure 2, which was agreed
upon by panel members. Discussion
of all components of effective wound
care is beyond the scope of this arti-
cle. However, it is important to

emphasize that decisions about
debridement can only be made after
a thorough evaluation of all aspects of
the patient’s condition (including
nutritional and vascular status).
Therefore, debridement is most
effectively implemented within the
context of a therapeutic regimen that
addresses all of the wound’s needs.
Some topical therapies may interfere
with one another or with the use of
certain therapeutic agents. For exam-
ple, concomitant use of heavy metals
and antiseptics, particularly those that
are not slow-release, needs to be
approached with caution in the con-
text of living skin substitutes and
growth factors.23,24

The evaluation process involves
close attention to systemic issues (ie,
presence of diabetes, heart failure, use
of immunosuppressive agents) as well
as wound assessment. As shown in
Figure 2, checkpoints prompt the cli-
nician to make important decisions
regarding the need for immediate
surgical debridement, the type of
debridement to adopt, and the need
for maintenance debridement.

The recommendations for debride-
ment and which type of debridement
provided in this section stem from the
opinions and experience of the expert
panel. This is also by necessity, for
there is general lack or paucity of clin-
ical research trials addressing these
basic wound care topics. Particularly,
there are no large and reliable studies
comparing different approaches and
methods of debridement. The panel
recognizes that this is a fertile area of
investigation, which may have been
lagging behind other evidence-based
topics because of the lack of agreed
upon endpoints.

Surgical/sharp debridement should
be considered when there is obvi-
ous necrotic or infected tissue, clin-
ically nonviable or infected bone,

Table 2. Recommendations regarding surgical debridement

Extent of tissue removal
• Remove all apparent necrotic, infected tissue and clinically

nonviable or infected bone.
• Carefully evaluate all exposed bone and remove if clinically

indicated.
• Remove the callus surrounding the wound in diabetic neuro-

pathic ulcers.

Biopsy material
• This may be required for diagnostic reasons.
• Biopsy tissue to determine quantitative bacteriology and the

presence of Streptococcus.
• Cultures should be taken from the deep part of the wound to

avoid sampling of surface colonization.

Aftercare
• Apply a postsurgical dressing to control bleeding and prevent

infection.
• In follow-up, determine the need for repeated debridement (if

necrotic or infected tissue recurs) or maintenance debride-
ment if the wound does not improve.
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undermining or tunneling, or callus
(Table 2).The panel considered under-
mining of a wound to be a critical
problem that affects both the proper
evaluation of the extent of the wound
and the possibility that undermining
creates a dead space immediately
beneath the surrounding skin that
might facilitate bacterial overgrowth.
However, it also was recognized that
in certain clinical situations, eg, in
pressure ulcers and when the under-
mining is not judged to be extensive,
one need not immediately proceed to
surgical/sharp debridement. The dis-
advantages of surgical debridement
are its invasiveness and that healthy tis-
sue is removed.An important consid-
eration for surgical debridement also
is based on proper wound assessment.
This situation typically arises in the
context of diabetic foot ulcers where
the extent of the ulceration, tunnel-
ing, and the possibility of an abscess
may not be clinically evident and must
be explored immediately (Figure 2).
The patient’s vascular status, however,
must always be considered before sur-
gical/sharp debridement is performed.

Practical recommendations for sur-
gical/sharp debridement are summa-
rized in Table 2.

All exposed bone should be evalu-
ated and removed if clinically indi-
cated. It is also particularly important
to remove callus in diabetic neuro-
pathic ulcers due to the possibility
that the callus causes additional pres-
sure to the wound edges.

During surgical debridement, it
may be appropriate to obtain tissue
for histological and microbial evalua-
tion.This is usually done to exclude a
malignancy, to help in the diagnosis
of an inflammatory ulcer (ie, due to
vasculitis), or to rule out an unusual
wound infection. A rare but impor-
tant difficulty is encountered when
faced with pyoderma gangrenosum,

an inflammatory condition that can
be idiopathic or most commonly
associated with rheumatoid arthritis
and ulcerative colitis. If this condition
is suspected (biopsy is not diagnos-
tic), dermatological consultation is
helpful. Pyoderma gangrenosum,
through a process known as pathergy,
can worsen and enlarge dramatically
upon surgical debridement.43

A critical checkpoint in Figure 2 is
the decision of whether the wound is
not healing, even when the wound
bed seems adequate and free of obvi-
ously necrotic and infected tissue. If
the wound shows signs of healing,
such as decreased depth and overall
size or wound edges that have
migrated over the wound bed, one
may opt to continue the treatment
strategy that is being carried out at
that time. However, additional
and/or more advanced treatment
modalities may be used at this point
to further accelerate wound closure.

In the absence of satisfactory signs
of healing, even when the wound
bed seems adequate, maintenance
debridement should be strongly con-
sidered. Falanga22,23 previously dis-
cussed the rationale for initiating
maintenance debridement at that
point. Biochemical and cellular
abnormalities, as well as excessive
bacterial burden, may cause impaired
healing and may be helped by
removing what falsely appears to be
normal granulation tissue. For main-
tenance debridement, nonsurgical
means may be tried first, but one
should also consider surgical tissue
removal if no improvement is noted.

Initial debridement. Initial
debridement may be surgical/sharp,
mechanical, enzymatic, biological
(larval therapy), or autolytic, depend-
ing on the condition of the wound.
The merits of each approach are dis-
cussed briefly in Table 3 and in

review articles.37,44–46 A key issue for
initial debridement is when to
choose surgical/sharp debridement,
which requires specific personnel,
facilities, and expertise, over other
available techniques.

The previous section discussed sur-
gical debridement. As indicated in
Figure 2, depending on the clinical
findings and circumstances, the clini-
cian may decide to use nonsurgical
means of debridement. These other
types of debridement and their
advantages and disadvantages also are
discussed in Table 3 and reviewed
elsewhere.44–49 It must be appreciated
that overlaps exist in the way differ-
ent debriding interventions work.
For example, absorbent agents
(including dressings) may overlap
with slow-release antiseptic prepara-
tions that incorporate an antiseptic
within a release vehicle (Table 3).
Another difficulty is how to discuss  a
feature of a debriding agent that
comes into play immediately before
or after debridement begins. For
example, occlusive dressings often are
said to cause painless debridement.
Yet, their removal can be associated
with considerable pain. For this rea-
son, the last column in Table 3 refers
to an overall assessment of the
patient’s comfort rather than pain
alone.Yet another difficulty encoun-
tered by the panel in defining
debriding agents and in formulating
Table 3 was whether to include slow-
release antiseptics. However, clinical
studies have shown that effective
debridement can be achieved with
this approach.50

There are specific advantages and
disadvantages to all classes of debrid-
ing approaches, as summarized in
Table 3. Absorbent agents, such as
beads (less commonly used now) and
newer absorbing dressings tend to be
slow in action.Autolytic debridement,

Maintenance Debridement in the Treatment of Difficult-to-Heal Chronic Wounds
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generally achieved by the use of
occlusive or semiocclusive wound
dressings, is also slow. Antiseptics, in a
slow-release form, can be thought of
as debriding agents because they
remove exudate and can reduce the
bacterial burden that is causing
inflammation within the wound.
Biological debridement using mag-
gots is being used increasingly, espe-
cially in some European countries; the
method is less popular in the United
States.This type of larval debridement
therapy can be quite effective and rel-
atively rapid in removing an eschar
and producing good granulation tis-
sue. However, proper biological
debridement requires considerable
experience for application, attention
to proper disposal of dressings
removed from the wound (full of lar-
vae), and careful avoidance of larvae-
induced damage to the surrounding
skin. Chemical debridement is rarely
used. Zinc chloride, once used for in-
vivo tissue fixation for the treatment of
skin cancer by Mohs surgery, can be

quite painful but also effective.47

Enzymatic debridement, either with
collagenase or papain, has become
popular for ulcers that do not require
immediate tissue removal. There are
differences in how enzymes work.
Thus, collagenase is more specific than
papain in that it cleaves the denatured
portion of collagen.48 Mechanical
debridement by wet-to-dry dressing
removal is painful and removes
healthy tissues that are healing. Most
clinicians now feel that this type of
debridement is not justified. In the
past, this type of debridement has
been used when necrotic tissue need-
ed to be removed and surgical
debridement was not possible or prac-
tical. Mechanical debridement can
also be accomplished by the use of
negative pressure devices; this has the
advantage of constantly removing
exudate from the wound.37,44–46

In summary, there are many types
of nonsurgical debridement. Table 3
lists some of their characteristics, but
it is up to the clinician to determine

what might work best in a particular
clinical situation and treatment set-
ting. Often, the choice of debride-
ment is dictated by the experience of
the clinician with that method. This
is certainly the case with larval ther-
apy. In exudative wounds, slow-
release antiseptics or negative pres-
sure devices may be ideal. Enzymatic
debridement agents are very useful
for long-term usage and certainly for
maintenance debridement.48

Because of the practical challenges
associated with performing surgi-
cal/sharp debridement in certain
clinical settings, such as long-term
nursing facilities, it may be appropri-
ate in many circumstances to treat
many with a short course (1 week)
of an enzymatic debriding agent
before considering surgical/sharp
debridement (Table 3). This
approach allows the clinician to
gauge the potential efficacy of this
more conservative approach and to
determine if the wound is progress-
ing toward healing. However, the

Table 3. Selection of debridement types and methods

TYPE OF 
DEBRIDEMENT
Absorbent Agents

Antiseptics

Autolytic
Biological
Chemical
Enzymatic
Mechanical

Surgical/sharp

EXAMPLES

Dextranomer beads, some
absorbent dressings

Slow-release agents,
cadexomer iodine

Occlusive dressings
Larval therapy
Zinc chloride
Collagenase, papain
Wet-to-dry, negative
pressure, pulsed lavage

Scalpel, curette, hydro-
surgery

SPEED OF TISSUE
REMOVAL

❑

❑

❑
❑❑❑
❑❑

❑❑❑
❑❑❑

❑❑❑❑❑

PRESERVATION OF
HEALTHY TISSUE

❑❑❑❑

❑❑❑

❑❑❑❑
❑❑❑

❑
❑❑❑❑

❑❑

❑

PATIENT’S
COMFORT

❑❑❑

❑❑

❑❑❑❑
❑
❑

❑❑❑❑
❑

❑

❑ = Minimal or none; ❑❑❑❑❑ = Maximal
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safety and welfare of the patient must
not be compromised because of dif-
ficulties with the clinical setting; the
clinician needs to follow the optimal
principles of wound care. Different
types of enzymatic agents are avail-
able, and some are able to digest
thick eschars in certain cases.
Collagenase- and papain-based
enzymatic agents are available for
this purpose.48 Enzymatic treatment,
which can be considered a milder
and slower approach to debride-
ment, is not appropriate when
advancing necrosis is present.

Maintenance debridement. In
the face of impaired or slow healing,
the clinician should strongly consider
instituting maintenance debridement
to improve wound bed prepara-
tion.22,23,37 Although surgical debride-
ment may be used even for mainte-
nance debridement, a more gentle
approach is often used (Table 3). A
critical issue with regard to mainte-
nance debridement is deciding how
long to continue it and when to
debride again if not choosing a
method that is ongoing (enzymes,
chemicals, etc.). The only way to
ensure that the goal of maintenance
debridement (keeping the wound
free of barriers to healing) is being
met is to evaluate the wound for evi-
dence of healing.Although this is not
a primary focus of our discussion, the
actual healing rate, representing the
speed at which wound edges move
inward within the first 3 to 4 weeks
of therapy, has been shown to be a
valid endpoint.51 Using the healing
rate in clinical trials could lead to
more efficient screening of experi-
mental treatments and could acceler-
ate the regulatory approval of new
and useful therapies. In previous
reports, it has been shown that the
healing rate, measurable at 4 weeks of
therapy, is approximately 80% sensi-

tive and specific for predicting ulti-
mate wound closure in venous (by 24
weeks; n = 136) and diabetic (by 12
weeks; n = 96) ulcers.36 Interestingly,
in the same studies, it was found that
a critical threshold of the healing rate
for predicting wound closure was
0.75 mm/week of inward movement
of the wound edges for both types of
venous and diabetic neuropathic
wounds.The implication is that there
is a certain keratinocyte speed limit
common to chronic wounds.23,51

The goal of maintenance debride-
ment is to keep the wound progress-
ing toward healing with minimal
interruption, but there may be cost-
effectiveness benefits as well.A proac-
tive strategy may reduce the need for
more aggressive (and potentially more
traumatic and costly) debridement in
response to wound deterioration.

Some wounds may need only mild,
ongoing debridement, while others
may require more potent treatments.
The available options are described
in Table 3.

During maintenance debridement,
the methods used from Table 3 may
vary during follow-up, depending on
the clinical findings and necessities.
The effectiveness of maintenance
debridement should be monitored
regularly and adjusted as needed to
ensure that the wound continues to
progress toward healing.The WBS, as
in Figure 1, can be useful in this
regard, because optimal wound bed

preparation should be the result of an
effective maintenance debridement
strategy.36,37 Absence of healing, slow
healing, or an increase in the size of
the wound is sufficient to signal that
the patient should be re-evaluated. If
no explanation can be found for the
failure to heal (ie, infection or exces-
sive bacterial burden, systemic fac-
tors, lack of compliance with offload-
ing), a more aggressive method of
debridement may be chosen (Table
3). Of course, debridement is only
part of wound bed preparation. It
may be necessary to intervene with
other treatment modalities to jump-
start the healing process.

It is important to keep in mind that
once maintenance debridement has
been instituted, it should not be dis-
continued just because the wound
“looks good”; the ultimate goal is to
achieve complete closure. A wound
bed that “looks good” to a clinician
(even an experienced one) does not
necessarily mean that it is adequate
from a microbial, biochemical, and cel-
lular standpoint. In discussing and con-
structing the algorithm shown in
Figure 2, the panel also considered at
what point maintenance debridement
should be discontinued when the
wound is showing evidence of healing.
Hence, as emphasized with the
approach of wound bed prepara-
tion,22,23,37 one needs to rely on func-
tional parameters that show evidence
of healing. However, this needs further

Clinical inspection alone cannot determine
whether the wound bed is adequate from a
microbial, biochemical, and cellular standpoint.
Hence, one must rely on functional parameters
that show evidence of healing.

Maintenance Debridement in the Treatment of Difficult-to-Heal Chronic Wounds
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study.As shown in Figure 2, the panel
proposes that maintenance debride-
ment should be continued as long as
further increments in healing occur,
which could be characterized as an
increasing healing rate or an
improvement in the WBS (Figure 1).

CONCLUSION AND 
FUTURE NEEDS

This report relied on the collective
expertise of a group of experts from
different fields to arrive at an agree-
ment with regard to maintenance
debridement and a clinical algorithm
that clinicians can use when evaluat-
ing a chronic wound. The clinical
and scientific rationale for mainte-
nance debridement was discussed
based on the panel’s understanding of
bacterial burden and biofilms, bio-
chemical abnormalities, and pheno-
typic changes in cells persisting (cel-
lular burden) in from the wound bed
and at the edge of nonhealing
wounds.As a result, an important con-
clusion is that maintenance debride-
ment may be required when the
wound is not healing and even when
the wound bed appears to be satisfac-
tory upon clinical inspection. Implicit
in these conclusions is that there can
be a strong dissociation between the
clinical appearance of the wound bed
and satisfactory healing. Clinical

research, combined with in-vitro stud-
ies and biomarkers, may provide
stronger evidence for these state-
ments and recommendations.

The efficacy of debridement strate-
gies could be improved by the devel-
opment of simple markers or assess-
ment tools that could be used at the
bedside to determine quickly if addi-
tional debridement is necessary.
Therefore, an important consensus
statement from this expert panel is
that, at least in chronic wounds, the
effectiveness of debridement can
only be determined by how the
debridement improves wound heal-
ing. The recommendations made in
this report, which are to use the heal-
ing rate and the WBS, follow this
premise. However, the panel realizes
that additional and larger trials will
be needed to fully determine the
validity of these recommendations
regarding debridement and which
assessments of debridement (ie,WBS
or healing rate) most accurately pre-
dict healing.There is also a great and
increasing demand for on-site educa-
tional programs focusing on the
practical implementation of best
practice paradigms.There is a partic-
ular need for a greater understanding
of the strengths, limitations, and most
effective use of different methods of
debridement. Comparative studies of

different types of debridement, per-
haps using the algorithm proposed in
this report, could bring about a
cogent approach to these difficult
issues regarding basic wound care.

The human and economic impact
of difficult-to-heal and chronic
wounds, such as venous, diabetic,
pressure, and arterial insufficiency
ulcers, is large and growing. The
overall healing rates for these wounds
can be improved with the aid of
clear, evidence-based guidelines for
comprehensive care.3,5,16–19 These
guidelines outline the importance of
an effective debridement strategy in
preventing infection and preparing
the wound bed to heal.

A growing body of evidence shows
that effective and frequent debride-
ment can improve healing rates.
Debridement aids healing by remov-
ing and keeping the wound free of
necrotic tissue and excessive bacteria
as well as the dead and senescent cells
that can interfere with healing.22,23,37

An effective debridement strategy
will consist of an initial debridement
combined with a customized main-
tenance debridement plan.
Maintenance debridement is likely to
be most effective as a proactive
approach to prevent the build-up of
necrotic or denatured tissues and cel-
lular abnormalities.

There are still many unmet needs
in the treatment of difficult-to-heal
and chronic wounds. Rates of com-
plete wound closure remain unac-
ceptably low,10 and far too many
patients suffer from complications
resulting from nonhealing wounds.
The conscientious implementation
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of an effective maintenance debride-
ment strategy within a comprehen-
sive wound care plan may help in sig-
nificantly improving these outcomes.
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1) What are the recent estimates of the percentage of chron-
ic wounds that achieve complete closure after 20 weeks of
treatment?

a) 80%–90%
b) 5%–10%
c) 25%–50%
d) 100%

2) What factors within the wound bed can contribute to poor
healing?

a) The presence of clinically necrotic and infected tissue
b) Excessive wound exudate 
c) The presence of biofilm within the wound
d) Abnormal and unresponsive cells at the wound edge
e) All of the above
f) none of the above

3) What was the effect of debridement frequency in a clinical
trial of the safety and efficacy of recombinant human
platelet-derived growth factor in the treatment of chronic
diabetic ulcers?

a) There was no effect
b) Centers performing the most frequent debridements had

the highest healing rates
c) Centers performing the least frequent debridements had

the lowest healing rates
d) b and c 

4) True or false: There is no evidence that more frequent
debridement can help reduce amputation rates.

a) True
b) False

5) True or false: Wounds that show a clinically adequate
wound bed but are not progressing toward healing may ben-
efit from debridement.

a) True
b) False

6) Approximately what percentage of chronic wounds con-
tain biofilm-embedded bacteria?

a) 100%
b) 5%
c) 60%
d) 0%

7) What is not a method of debridement?
a) Mechanical 
b) Magnetic 
c) Surgical
d) Enzymatic
e) Biological
f) None of the above

8) What is the primary goal of maintenance debridement?
a) To keep the wound free of barriers to healing
b) To maintain the size of the wound
c) To control itching
d) To determine the cause of the wound

9) How long should maintenance debridement be continued?
a) As long as it is effective and the wound is progressing

toward healing
b) Until the wound is clear of necrotic tissue
c) Until there is no sign of infection
d) All of the above
e) None of the above

10) What is a sign that the wound should be re-evaluated?
a) Nonhealing
b) Slow healing
c) Increase in the size of the wound
d) All of the above
e) None of the above

Post-Test Questions
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Supplement to June 2008 Ostomy Wound Management

Please print clearly: Certificate will be mailed to this address within 6–8 weeks.

Name:________________________________Degree:___________Position/Title:____________________

Organization/Institution:__________________________________________________________________

Department:___________________________________________________________________________

Mailing Address for Certificate: CHECK ONE: _____WORK    _____HOME

Street:_______________________________________________________________________________

City:__________________________________________State:_______Zip Code:____________________

E-mail Address:________________________________________________________________________

Phone:______________________________________Fax:______________________________________

What other topics would be of interest to you?________________________________________________

All tests/evaluation forms must be received by June 30, 2009.

Return via fax or mail to: NACCME-Princeton CME
300 Rike Drive, Suite A
Millstone Township, NJ  08535
Fax: 610-560-0502

Answer and Evaluation Form

Please answer the following questions by circling the appropriate rating:

5 = Strongly Agree 4 = Agree 3 = Neutral 2 = Disagree 1 = Strongly Disagree

The stated learning objectives were met 5 4 3 2 1

Faculty was knowledgeable on the subject matter 5 4 3 2 1

Content was objective 5 4 3 2 1

Content was balanced 5 4 3 2 1

Met my educational needs 5 4 3 2 1

Content was scientifically rigorous 5 4 3 2 1

Content avoided commercial bias or influence 5 4 3 2 1

Content was timely and related to my practice 5 4 3 2 1

Content will assist me in enhancing patient care 5 4 3 2 1

Information presented will improve my practice/patient outcomes 5 4 3 2 1

Answers: Refer to post-test. Circle
ALL that apply for each question.

1.) A B C D

2.) A B C D E F

3.) A B C D

4.) A B

5.) A B

6.) A B C D

7.) A B C D E F

8.) A B C D

9.) A B C D E

10.) A B C D E
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