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Wound bed preparation is a comprehensive approach
to wound management that focuses on optimizing con-
ditions at the wound bed to encourage normal endo-
genous processes of healing. It is based on an
understanding of the underlying molecular processes
of the wound and is in a continuous state of evolution
as it incorporates and responds to new information
about and understanding of cellular mechanisms.

This article reviews recent thinking about the rele-
vance of wound bed preparation to diabetic wounds
and burns, presents adjustments to the tissue, infec-
tion/inflammation, moisture imbalance, epidermis/
edge (TIME) paradigm of wound management to reflect
greater understanding concerning migration of the epi-
dermal edge, and provides an extension of the concept
to include wound assessment. Finally, it asks whether
TIME should now be put to the test. The field of wound
management is lacking in robust data, but now that a
more systematic approach to wound care exists, per-
haps a more systematic approach to gathering the evi-
dence should also be attempted.

NEW THINKING ABOUT TIME AND CHRONIC
WOUND CARE
The TIME acronym, developed in June 2002 by a group
of wound care experts, was first published in 2003.1 It
is a practical guide to wound management that relates

clinical observations and interventions to the underly-
ing wound pathology in each of four areas:

. T for tissue: nonviable or deficient

. I for infection/inflammation

. M for moisture imbalance

. E for epidermis, nonmigrating (later modified, see below).

However, the word ‘‘epidermis’’ implies that non-
migration is a problem of the epidermis. In fact, failure
of the epidermis to migrate could also be due to a
problem with the extracellular matrix (ECM) or cells
at the wound edge, so this component was subse-
quently revised2 to read:

. E for edge of wound, nonadvancing or undermined.

This is more than just semantics; successful wound
healing is most likely to be achieved if the underlying
cause of failure to heal is identified and treated (Table 1).

The traditional explanation for failure to migrate is
that cells at the wound margin are unresponsive; some
fibroblasts in chronic wounds display phenotypic dysre-
gulation and are therefore unresponsive to certain
growth factors and other signals,3,4 possibly due to
senescence.5–8 In vitro studies on fibroblasts from
venous ulcers5–7 and diabetic wounds9,10 also show
that there is a decreased proliferative potential and
that there are other markers of senescence, such as
beta-galactosidase and increased expression of fibronec-
tin. One explanation for the senescence is that, during
repeated attempts at wound repair, these cells undergo
numerous cycles of replication and exhaust their repli-
cative potential. It may also be that senescent cells are
not responsive to the normal apoptosis mechanisms and
cannot be easily eliminated.

However, senescence of fibroblasts does not fit all
the observations. Some chronic wounds display

ECM Extracellular matrix

MMP Matrix metalloproteinase

TIMP Tissue inhibitor of metalloproteinase
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hyperproliferation of cells at the margins, due possibly
to inhibition of differentiation and apoptosis within the
keratinocyte and fibroblast cell populations.11 In one
study, biopsies taken from the edge of chronic venous
ulcers revealed that epidermal cells were in a height-
ened proliferative state with delayed keratinization, but
the epidermal basement membrane lacked type IV
basement membrane collagen, which is necessary for
epithelial cell attachment and migration.12

Proteases and wound healing
Excessive degradation of newly formed ECM can also
cause failure to migrate.2

At the edge of the wound, keratinocytes sense the
ECM, proliferate, and begin to migrate from the basal
membrane onto a newly formed provisional matrix.
Collagenase (matrix metalloproteinase-1 [MMP-1]) is
released from migrating keratinocytes to dissociate
the cell from the dermal matrix and to allow locomo-
tion over the provisional matrix.13 Keratinocytes also
synthesize and secrete MMP-2 and -9, particularly when
migrating14,15 and as part of the remodeling process.16

Proteolytic degradation of ECM is an essential part
of wound repair and remodeling, but excessive levels of
MMPs may degrade ECM, preventing cellular migration
and attachment; Trengove et al.17 and Ulrich et al.18

showed that the activity of proteases decreases consist-
ently in venous ulcers as they heal. Conversely, levels
of tissue inhibitor of metalloproteinase (TIMP)-1 rise
more than 10-fold as healing progresses.19

Evidence suggests that the temporal and spatial
distribution of MMPs, serine proteases, and TIMPs is
disrupted in nonhealing wounds.13,20,21 Other studies
show that levels of MMP-2 and MMP-9 are higher in
chronic wound fluid than in surgical wound fluids or
fluids from donor graft sites.17,19,22–25 This suggests that
regulating protease activity would restore an environ-
ment more conducive to normal healing.26 This is the
rationale behind the control of inflammation (I) as
described in the TIME paradigm. Cytokines stimulate
the production of MMPs and inhibit synthesis of TIMPs
in fibroblasts and endothelial cells, increasing the ratio
of proteases to inhibitors. Thorough debridement, topi-
cal antimicrobials, and dressings that reduce levels of
MMPs at the wound bed are well-known interventions,
but it is also possible that adjustment of wound pH may
help to control protease activity.

The mechanism of action of proteases is pH-
dependent; therefore pH is also likely to affect protease
activity.27 Every protease shows peak enzyme activity
at a certain pH at which protein is broken down more
rapidly than at other pH values. Recently, the pH-
dependent activity profiles of four proteases important
in wound healing were assessed using a standardized
method.28 It was found that maximum protease activity
occurs in precisely the region of pH found in chronicT
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wounds.29 Adjusting the pH from 8 to 4 reduced pro-
tease activity approximately 80 percent, suggesting that
an additional approach to nonhealing wounds may be
to reduce the environmental pH (Figure 1).

Increased understanding of the cellular factors that
may delay healing confirm that it was correct to shift
the emphasis in the TIME paradigm away from abnorm-
alities in the epidermal edge. The revised TIME table
now acknowledges that failure to migrate may equally
well be due to corruption of the wound matrix or
activity of proteases. As research into the microenvir-
onment of wounds continues, further such modifica-
tions to the TIME table can be expected.

Cellular dysfunction in the diabetic patient
Diabetic patients often have coexisting peripheral vas-
cular disease and polyneuropathy that impair wound
healing, but there is increasing evidence to suggest that
cellular abnormalities may also play a role.

The fibroblast is a crucial component in the pro-
cesses of deposition of ECM and remodeling. It depo-
sits a collagen-rich matrix and secretes growth factors
during the repair process. Any impairment to fibroblast
function will therefore obstruct normal wound healing.
Hehenberger et al.9 and Loots et al.10 observed that
the proliferation of fibroblasts from chronic diabetic
wounds was inhibited or disturbed. Earlier, Spanheimer
had observed reduced collagen production in fibroblasts
from diabetic animals.30 It has also been seen, in vitro, that
diabetic fibroblasts are 75 percent less able to migrate than
normal fibroblasts and that they produce 15% as much
vascular endothelial growth factor (VEGF).31

As is the case with chronic wounds such as venous
ulcers and pressure ulcers, levels of proteases are dis-
rupted in diabetic ulcers. Lobmann et al. measured the
concentrations of various MMPs and tissue inhibitors
of matrix metalloproteinases in biopsy samples taken

from diabetic foot ulcers and trauma wounds in non-
diabetic patients.32 The concentrations of MMPs were
significantly higher in diabetic wounds than in
traumatic wounds in nondiabetics: MMP-1 (� 65),
MMP-2pro (� 3), MMP-2active (� 6), MMP-8 (� 2), and
MMP-9 (� 14). At the same time, the expression of
TIMP-2 in diabetic wounds was half that seen in non-
diabetic lesions.

Loots et al. found differences in the pattern of
deposition of ECM molecules and the cellular infiltrate
in diabetic wounds from that in chronic venous ulcers
and acute wounds.33 ECM molecules, including fibronec-
tin, chondroitin sulfate, and tenascin are expressed early
in normal dermal wounds and reach a peak at 3 months
before returning to prewounding levels; a prolonged
presence of these molecules was noted in chronic
wounds. The chronic wounds also had a higher level of
cellular infiltrates such as macrophages, B cells, and
plasma cells.

The standard therapy for diabetic wounds is meti-
culous wound care and revascularization, but in light of
recent research, it may be reasonable to consider alter-
native strategies such as the use of protease inhibitors,
adjustment of pH to reduce protease activity, and anti-
inflammatory dressings or drugs.

Infection? Or inflammation?
It has often been assumed that excess proteolytic acti-
vity, characterized as inflammation, is secondary to an
increased microbial burden in the wound, but the evi-
dence from studies such as those described above and
others suggests that elevated MMP levels can also
occur in the absence of infection.17,34

In 2002, Wright et al. used a porcine model of wound
healing to examine the effect of nanocrystalline silver–
coated dressings on wound healing.35

(Nanocrystalline
silver is a patented technology of NUCRYST Pharma-
ceuticals.) Nanocrystalline silver–coated dressings pro-
moted rapid wound healing during the first few days
after injury, with the development of well-vascularized
granulation tissue that was able to support tissue graft-
ing after 4 days. This was in contrast to wounds dressed
with control dressings. Of particular interest is the
observation that the proteolytic environment of wounds
dressed with nanocrystalline silver had lower levels of
MMPs and a higher frequency of cellular apoptosis.
When cells die by apoptosis, the integrity of the plasma
membrane is maintained and the cells are recognized
and phagocytosed by macrophages, minimizing local
inflammation and tissue injury.36 When cells, such as
neutrophils, die by necrosis, they burst and release cyto-
toxic compounds that prolong the inflammatory
process.

The wounds in the Wright study were not chronic,
but a pilot study on 10 venous ulcer patients comparing
nanocrystalline silver dressing with standard
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FIGURE 1. pH dependent enzyme activity levels of proteases
found in wounds.
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polyethylene dressing in the chronic wound environ-
ment has been reported.37 This randomized controlled
trial assessed levels of MMP-2, MMP-9, interleukin-1,
and TNF-a under the two dressings. Over a 20-day
period, protease levels, in particular those of MMP-9,
were substantially lower than those in the wounds
covered with the nonsilver dressing (Figure 2).

Antimicrobial therapies, topical or systemic or in
the form of dressings, have established roles in the
management of infected wounds, but in many cases, a
reduction in inflammatory activity may be all that is
required to stimulate healing.

WOUND BED PREPARATION AND BURNCARE
Similar developments in the management of thermal
injuries preceded many of the recent developments in
chronic wound management. The TIME paradigm for
management of chronic wounds parallels the standard
elements of organized burn care (Table 2). Although
robust data to support the basic principles of wound
bed preparation for chronic wounds are hard to come
by, there is a substantial body of data that supports the
efficacy of similar interventions in the management of
burns. Managed burn care improved survival of patients
by adopting many of the practices that have subsequently
been incorporated into chronic wound management.

Early excision of burn wounds
Dedicated burns centers emerged in the late 1940s and
significantly improved patient care through better
understanding of the effects of smoke inhalation and
the role of nutrition and total patient care, but while
management of the patient improved, management of
the wound itself was unsystematic. Up to the 1970s,
aggressive excision was practiced on deep burns, but
partial thickness injuries were treated with antiseptic

creams, and the burn eschar was kept moist through
regular bathing until it sloughed off. As well as being
extremely uncomfortable and painful to patients, this
conservative approach increased infection and reduced
the chances of graft-take and survival.

By the 1970s, although early excision of deep burns
was widespread overall, no significant increases in sur-
vival were noted. In 1970, Janžekovic proposed that
early excision should be performed on all burns, includ-
ing partial thickness injuries, to remove nonviable tis-
sue that would otherwise act as a focus for infection
and impede reepithelialization of the burn wound.38

She found that early excision of all wounds, within
the first 3 to 5 days of injury, followed by grafting,
reduced infection rates and improved survival better
than conservative management using topical antimicro-
bials plus excision in the second or third week.

This study had a profound effect on burn care.
Other clinicians went on to confirm the benefits of
early excision,39–42 although there is some doubt
about the benefits of this approach in the very elderly.43

Caldwell et al. suggested that early harvesting of donor
sites might be a more important factor in survival of
patients with large burns; they question the value of
massive early burn wound excision if there is insuffi-
cient autograft available to close the wounds.44

Of perhaps more importance for the hospital
administrators was that early excision and grafting
also appeared to decrease the duration of hospitaliza-
tion40,41 and the cost of burn treatment.45

Although there have been few prospective studies
into the relative merits of early excision versus conser-
vative management of burns, thousands of patients
have been reviewed in retrospective studies, which
has clearly shown the benefits of this approach. It is
interesting to question why there are so few similar
studies comparing debridement with no debridement
in the management of chronic wounds.

Management of infection
Burn wounds and donor sites are highly susceptible to
opportunistic colonization by endogenous and exogenous
organisms. Early excision of wounds, along with improve-
ments in fluid resuscitation and general medical care, sig-
nificantly reduced the incidence of infections after
thermal injury.40,46 The pattern of infection also changed,

Table 2. Managed burn wound care and the TIME paradigm
for chronic wound management

Burn wounds TIME for chronic wounds

Early excision of nonviable tissue T – tissue, nonviable
Microbial control I – infection and inflammation
Control exudate/avoid desiccation M – moisture balance
Advanced wound healing techniques E – edge of wound
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FIGURE 2. Levels of MMP-9 in wound fluids from patients with
chronic venous leg ulcers treated with silver release dressing or
standard care.
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with alteration in the organisms that are
mainly responsible for infection and an increase in the
interval between injury and infection.47 Barret and
Herndon carried out quantitative bacteriological assess-
ments of excised wound and biopsy samples taken from
wounds that were managed with excision 24 hours after
burning and those that received topical treatment and
delayed excision.48 Patients who received early excision
had fewer than 105 bacteria per gram of tissue in biopsy
samples, compared with more than 105 in the other
group of patients. Patients in the first group suffered
no infection or graft loss, compared with three in those
receiving delayed excision. The pattern of colonization
differed between the two groups, with the conserva-
tively managed group displaying a greater concentration
of Gram-negative species. Overall, greater bacterial colo-
nization and higher rates of infection were correlated
with topical treatment and late excision.

Infections by Pseudomonas aeruginosa have been
the leading cause of morbidity and mortality in burn
patients for many years and the most serious cause of
burn wound sepsis.49 These organisms rapidly develop
resistance to many antimicrobial agents, limiting the uti-
lity of these therapies. Burn physicians readily embraced
silver nitrate and silver sulfadiazine preparations to help
control burn wound infections and found them to be
effective broad spectrum agents, but not without their
drawbacks. Lloyd and Hight questioned whether silver
sulfadiazine—a commonly used antimicrobial in burn
care—could penetrate burn eschar sufficiently to prevent
infection and suggested that it could only be effective
when preceded by extensive laminar excision.50

Enterobacter resistance has been reported with this
agent, as has cytotoxicity. It also forms a pseudo-eschar,
which has to be removed before reapplication, which
may damage new epithelial growth.51 Silver nitrate solu-
tion is messy to apply, can irritate tissues, and, like silver
sulfadiazine, requires frequent application.

In recent years, a number of silver dressings have been
developed that are intended to provide silver more consis-
tently, be easier for the burn care physician, and become
more acceptable to the patient. Six silver-containing dres-
sings with varying degrees of absorbency are currently
available:

. ACTICOAT (Smith & Nephew) consists of a rayon/polyester

nonwoven core laminated between an upper and lower

layer of silver-coated high-density polyethylene (HDPE)

mesh. The silver-coated HDPE layers are designed to be

barriers against microbial infection of a wound.
. ActisorbSilver 220 (Johnson & Johnson) consists of an

outer sleeve of nonwoven nylon and an inner layer of acti-

vated charcoal–containing silver particles which adsorb

bacteria.
. Aquacel Hydrofiber Dressing (Convatec) contains ionic sil-

ver within a carboxymethylcellulose fiber matrix that gels

on contact with wound fluid.

. Arglaes (Maersk) is a semipermeable film dressing that

incorporates a complex of calcium and sodium phosphates.
. Avance (SSL International) is an absorbent hydropolymer

foam dressing with silver zirconium phosphate bonded into it.
. Contreet-H (Coloplast) is a hydrocolloid containing ionic silver.

One of the main advantages of these dressings is
that they overcome the need for regular reapplication by
providing a reservoir of silver within the dressing. Other
proteins in the wound bind the silver in silver nitrate and
silver sulfadiazine, which may only be active for a few
minutes. The various silver dressings available have
different levels of absorbency and are therefore suitable
for different types of wounds.

One of the main perceived advantages of using anti-
septics rather than antibiotics is that they were thought
to be less likely to result in the emergence of resistant
species. Silver exerts its antimicrobial effect through
many mechanisms, making it difficult for organisms to
develop resistance. It interferes with the respiratory
chain at the cytochromes and with components of the
microbial electron transport system.52 It binds DNA and
inhibits DNA replication.53–55 However, resistance by
bacteria to silver—although rare—is not unknown.
There were reports throughout the 1970s and 1980s
about resistant strains of Pseudomonas and
Enterobacter emerging on treatment with silver nitrate
and silver sulfadiazine.56–59

Microbes can bind silver in the form of an intracel-
lular complex and can excrete silver using an active
efflux mechanism.60 Resistance remains an important
problem, even with some of the newer silver dressings.

The ACTICOAT dressings are the only dressings to
use nanocrystalline silver. This readily dissolves in
water, unlike crystalline silver, and exists in solution
in two forms: Agþ and Ag�. The Ag� form of silver is far
less rapidly deactivated by chloride or organic matter
than the ionic form and can therefore be effective at
much lower concentrations. In 1999, Wright et al.
assessed the kill kinetics in vitro of mafenide acetate,
silver nitrate, silver sulfadiazine, and nanocrystalline
silver dressing against common burn wound fungal
pathogens.49 The nanocrystalline silver–based dressing
had the fastest and broadest-spectrum fungicidal
activity.

Silver binds in a nonspecific fashion to proteins, so
it can potentially be toxic to all cells, whatever the
method of delivery. If bacterial numbers are low, silver
may affect other cells, and healing may be delayed,61

suggesting that silver should be used with caution in
wounds with a low bio-burden.62

Moisture control
Occlusive dressings have long been used in the manage-
ment of burns and donor sites to create optimal condi-
tions for reepithelialization and to act as barriers to limit

WOUND REPAIR AND REGENERATION
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infection. Several studies have shown that a moist envir-
onment encourages epithelialization of partial-thickness
wounds and that this can be achieved with semiocclu-
sive63 or fully occlusive, impermeable dressings.64,65

Fear of bacterial proliferation under occlusive dressings
was initially a reason for caution in burns units, as it
sometimes still is in chronic wound management, but
clinical infection has rarely been noted.

A large body of evidence has been gathered in the
field of burn care regarding the use of occlusive dres-
sings compared with traditional gauze. Most of the
studies investigated different dressing types on donor
sites rather than on actual burns, allowing comparative
studies to be made on mirror-image donor sites of the
same depth in the same person. In addition to reducing
pain and providing a barrier to bacterial invasion,
occlusive dressings have been found to improve
wound epithelialization through maintaining the
wound at an optimal moisture level (see for example
Madden et al.66).

TIME AND WOUND ASSESSMENT
Routine wound assessment is a critical part of reach-
ing a diagnosis and monitoring the effect of treat-
ment, and in some cases it can be used to predict the
outcome of treatment. The initial wound assessment
provides baseline data against which future observa-
tions can be measured, but meaningful comparisons
can only be made if a standardized assessment sys-
tem is used.

Wound assessment provides more than just a ret-
rospective view of the effect of a particular interven-
tion; in some cases, the rate of healing in the early
stages provides an indication of the likelihood of total
healing. This has been found to be the case for dia-
betic foot ulcers67 and venous ulcers,68 for which the
rate of healing in the first 4 weeks was strongly corre-
lated with healing at 12 or 24 weeks. Routine wound
assessment in these patients in the first 4 weeks will
allow early identification of individuals who are unli-
kely to respond to the therapy being applied.
However, this has traditionally been a difficult area
in wound management because terminology is not
standardized and consensus has not even been
reached on the most appropriate wound healing para-
meters to monitor.69 Numerous tools are available for
the evaluation of pressure ulcers, and it is hard to see
how these can be accommodated into one universal
system.2,69,70

Although rigorous assessment is common in the
clinical trial setting, the challenge is to find an assess-
ment tool that can easily be used at the bedside and
that does not require expensive or complicated equip-
ment. What are the parameters that give useful

information about a wound, and is it possible to iden-
tify a core set of observations that can be used to
monitor the overall progress of a wound? The follow-
ing assessments are the ones that are most commonly
used, in existing assessment protocols or in clinical
trials. Many excellent papers have been published on
the methods available for making these assessments,
so this information will not be duplicated here, but the
references provide further information for the reader
interested in pursuing these topics.

AREA, DEPTH, AND VOLUME

As the wound heals, in-growth of granulation tissue
decreases the wound depth and volume, and new
epithelium decreases wound area. Measurements of
wound size therefore provide direct indicators of heal-
ing, but there has usually been a trade-off of accuracy
for simplicity. The simplest method is to make a rough
calculation of area based on measurements of maxi-
mum length and width, but this is difficult to apply to
large and irregular-shaped wounds, whose area can be
overestimated by 44 percent, while the use of an ellip-
tical formula to calculate area tends to overestimate by
13 percent (Figure 3).71 Digital photography and com-
puter-assisted techniques provide greater accuracy but
are not widely available and can rarely be used at the
bedside. A new tracing tool by Smith & Nephew may fill
the gap; the VISITRAK system calculates the area cap-
tured on transparent tracing sheets, providing area cal-
culations with approximately 94 percent accuracy
(Figure 4). Probes, molds, and scanning systems can
be used to estimate wound depth.

COLOR

Color is a simple but powerful indicator of the status of
a wound. Considerable variation in color definition
exists, but black (necrotic tissue), yellow (slough), red

Wound area approximations
(Diameter product approximations)

Rectangular Area
A = l × w
Overestimates true area
by 44% (p < 0.001)

Elliptical Area
A = l × w ×  Π/4
Overestimates true area by
13% (p < 0.001)

FIGURE 3. Schematic diagram showing length x width wound
calculations, rectangular and elliptical.
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(possible infection), pink, and white are the most com-
mon colors seen in the wound bed. Many wounds show
a combination of colors as different parts of the wound
heal at different rates, and a semiquantitative assess-
ment should be made to improve accuracy. The color of
the surrounding skin is also an important indicator of
the level of hydration at the wound: overmoist, macera-
ted skin at the wound edge will be an unnatural gray/
white, and normal color will return as the skin dries out.

pH

There is now clear evidence of an association between
decreasing wound surface pH and wound healing. The
pH of intact skin is weakly acidic due to the keratin
layer, which prevents bacterial growth and inhibits the
activity of digestive enzymes. Open wounds tend to
have a neutral or alkaline pH, predominantly in the
range 6.5 to 8.5.29 Tsukada et al. demonstrated that the
pH of chronic ulcers reflected the stage of the ulcer; the
more advanced the stage, the higher the wound
pH. Although the pH of nonepithelialized wounds was
similar to that of Stage III pressure ulcers (pH 7.5), the
pH of newly formed epithelium at wound edges was
similar to that of normal skin (around pH 5.9).72

Developing a wound assessment tool
TIME is now a widely used concept in wound manage-
ment, providing a practical and systematic guide to
bedside care. The wound care practitioner proceeds
stepwise through a simple series of interventions,
which form an iterative process, until healing is
achieved or the lack of response indicates that other
methods are required. Given that the TIME approach is
becoming more widely adopted in practical wound
management, it seemed sensible to develop a wound
assessment system that would correspond exactly with
the steps in the TIME process. Thus, as well as break-
ing down wound management into the four

FIGURE 4. Photograph of the VISITRAK system for wound area
calculation.
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components of tissue, infection/inflammation, moisture
and edge, the wound care practitioner can now also use
these four categories to carry out a systematic assess-
ment of the wound.

The TIME assessment tool proposed in Table 3 can
be as simple or as complex as the setting requires. For
simple bedside monitoring, color can be classified as
black, yellow, red, pink or white, whereas in the
research setting, colorimetry, spectrophotometry, and
other sophisticated methods can be used. Area can be
assessed using simple tracing methods, or sophisti-
cated computer software can be employed for more-
precise measurements.73,74

It is generally agreed that regular wound assess-
ment, carried out consistently, using the same tech-
nique, is significantly better than no assessment at all,
and this simple, easily applied assessment tool comple-
ments the more-systematic approach to wound man-
agement that is described in the TIME approach to
wound bed preparation.

TESTING THE EVIDENCE
At all levels in the health service, there is an increased
requirement for evidence of effect and for quantifica-
tion of that effect. Yet how is value assigned to a
therapeutic intervention in wound management when
there are so few large, well-conducted trials to assist in
evaluation? This absence is largely due to the difficul-
ties in assessment and in agreeing on surrogate mark-
ers of healing, but economic evaluation techniques may
be able to assist with decision-making in this environ-
ment by using modeling techniques to make the most of
the available evidence.

. If there is no single study that includes all the evidence

relevant to an intervention, a decision analytic model allows

evidence from a variety of sources to be combined in a

transparent way.
. A model can be used to extrapolate from surrogate end-

points to clinical outcomes and to extrapolate costs and

benefits over time in an explicit and transparent way.
. A model allows the effect of an intervention to be estimated

in different clinical and system settings so that the evidence

of effect can be applied to more representative patient

populations.
. A comparison of a number of alternatives can be made

where these may never have been directly compared in a

traditional randomized, controlled trial (RCT).
. A decision model can be used to characterize the uncer-

tainty surrounding the estimates of effect and cost and can

represent the uncertainty surrounding a decision to adopt a

particular intervention.

Availability of evidence
The lack of RCTs is particularly noticeable in the field
of wound management, but this does not mean that

there is no evidence. There is a wealth of clinical
data, epidemiological studies, and observational data. It
is important to bear in mind that most patients with
chronic wounds are excluded from RCTs because of
their age, comorbidities, or comedications. Para-
doxically, RCTs therefore provide little information about
the efficacy of an intervention in the majority of
patients usually seen in wound clinics. The lack of
RCT data should not be used as a reason for not apply-
ing the concepts of wound bed preparation.

Some of the available evidence is for aggregated
interventions, and the modeling process can be used to
extract evidence for management of one particular type of
wound from a number of aggregated studies. Expert judg-
ment is also important to fill gaps in the evidence, because
there may be evidence about a particular treatment but
not in exactly the area wanted. Unlike systematic reviews,
evidence will not be rejected if it has not been collected
within the context of an RCT, but the uncertainty due to
the amount and quality of the evidence available can be
assessed and represented in the evaluation.

Finally, as was noted above, wound bed prepara-
tion, although under a different name, has been prac-
ticed in the management of burn wounds for decades,
and a substantial body of evidence has accumulated in
this area. Although few studies have assessed the effect
of debridement on chronic wounds, many large-scale
controlled studies have been conducted on thousands
of burns patients to compare the effects of early exci-
sion with a watch-and-wait approach. These studies,
and those in other areas of burn wound management,
are relevant to the management of chronic wounds and
can provide some insights into the efficacy or other-
wise of various interventions.

In attempting to evaluate the success or otherwise of
various wound management strategies, there are further
complications. Chronic wound management is a large field.
There are many wound etiologies to consider (venous leg
ulcer, pressure ulcer, diabetic, etc.), and other patient
factors such as the existence of systemic disease (e.g.,
neuropathy, vascular disease) and other comorbidities
are likely to affect wound management interventions.

There are also many elements to wound manage-
ment (four in the TIME paradigm), and it is not clear
that these are entirely separable; the management of
necrotic tissue, for example, may also reduce the
potential for infection. However, the TIME table itself
is a demonstration that an apparently complex process
for managing a whole array of wounds can be encapsu-
lated in a simple set of guidelines, and an economic
evaluation could perhaps follow the same route.

Intellectually, the recommendations for wound
management set out in the TIME table can be justified,
because they are based on sound research of the under-
lying abnormalities affecting the wound healing pro-
cess. However, the critical question always remains:
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Does the recommended intervention make a real differ-
ence to wound healing?

A way ahead could be to:

. Identify a priority area for evaluation

. Select elements of wound bed preparation where an

evaluation would have the most effect
. Focus on a particular type of wound for a group of patients
. Agree on the scope: effectiveness over what time period
. Identify key clinical events and outcomes (e.g., total healing

or substantially healed)
. Identify timescale

The key question in an evaluation is: ‘‘Is the
improvement in patient outcomes worth the additional
resources required to fund it?’’ Once the various inter-
ventions have been assessed, a line can be drawn,
above which an effective intervention would still be
rejected if it consumed too many resources.

With a highly effective but expensive intervention,
specific patients might improve, but overall patient out-
come—considering the whole system—might be
reduced through diversion of resources. So any model
has to consider not just patients in the group under
investigation, but also others who have a legitimate
claim on resources elsewhere in the system.

Defining the model is currently outside the scope
of this paper, but the TIME components of wound bed
preparation provide an excellent opportunity to test
therapies within an integrated wound management con-
cept. Further work will be undertaken this year to
gather all available evidence that will measure the eco-
nomic value of wound bed preparation, initially within
a specific indication.

CONCLUSION
Wound bed preparation, based on observations and
studies on the cellular and biochemical environment
of nonhealing wounds, has been widely adopted as an
effective approach to the management of chronic
wounds. The TIME paradigm was developed as a prac-
tical expression for the management of wounds, based
on the principles of wound bed preparation. The para-
digm is constantly evolving as new discoveries emerge
about the environment of wounds. TIME appears to be
applicable to the management of many types of
wounds, not just chronic. Although there is a lack of
substantial evidence to confirm the wound bed pre-
paration approach within the chronic wound area, this
will become the next priority for many clinicians in our
field. Interestingly, there are many parallels to be found
in the management of burns, for which the wound bed
preparation approach (although not in name) has been
used for decades, supported by many large controlled
trials, and it is hoped that chronic and acute clinicians

will work together to provide new possibilities within
the wound bed preparation concept.
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