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Treating and pr eventing wounds con-

tinue to be a challenge . Chr onic

wounds in par ticular ha ve se veral

known barriers that interfere with healing

and require attention to achieve appropriate

patient car e outcomes. This includes de-

bridement of necrotic tissue (debridement),

identification and management of infection

or inflammation (infection/inflammation),

maintaining the right level of wound mois-

ture (moistur e balance), and attention to

stalled wound edges (edge effect). The first

letters of these four components compr ise

the acronym DIME. 

Examining the bedside practices of

wound care professionals can provide insight

into the application of knowledge and chal-

lenges to the provision of best practices. In

an attempt to determine attitudes and prac-

tices using the DIME w oundbed prepara-

tion (WBP) paradigm, key opinion leader

clinicians across the United States were in-

vited to participate in one of 16 regional in-

teractive wound care forums (WCF). Before

attendance, each par ticipant was asked to

complete a survey developed by the authors

(with the assistance of Mary McNeil and Va-

lerie C. Johnson). The WCF were made pos-

sible through an unr estricted educational

grant sponsored by Mölnlycke Health Care.

(Locations of the for ums are outlined in

Figure 1 on page 2.) A total of 215 clini-

cians attended the wound care forums, and

235 survey responses form the basis for the

data. Not all respondents answered all ques-

tions. Participants who agreed to have their

names included in this document can be

found in the acknowledgments on page 2.

The following char ts and g raphs illus-

trate the sur vey respondents’ answers to

questions about types and numbers of pa-

tients seen by wound care teams, DIME

components for desired clinical outcomes,

and pain documentation. The following

sections also detail some of the latest evi-

dence that may improve best practices for

each of the important elements of wound

healing. To improve patient-centered care,

a section has been de voted to improved

wound-related pain management.

These data from more than 230 w ound

care community survey respondents and at-

tendees at the sponsored wound care forums

provide a snapshot of actual practices across

the United States. The majority of survey re-

sponders were nurses car ing pr imarily for

adults and geriatric patients with pressure ul-

cers, venous ulcers or neuropathic/diabetic

ulcers. For most, their practice setting was ei-

ther a hospital or hospital wound care clinic.

The clinician group was mainly compr ised

of individuals who spend most of their time

involved in dir ect patient car e. They con-

firmed that the y were v ery b usy wound

healers and often members of wound-heal-

ing teams. They were willing to shar e their

expert knowledge and represented a collec-

tive exper ience of car ing for mor e than

5,000 patients weekly. We thank them for

taking the time from their important work

to provide such candid responses that add to

our understanding of wound care.n

Authors’ note: The following graphs (pages 4 to 6)

represent the number of responses for each ques-

tion, not the percentage of responses.

USA Report Card:
A tally of current wound care practices  
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 Patient population primarily treated by 230 respondents
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Number of patients with wounds seen in an average week in 
the workplace of 228 respondents
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Most common wounds treated by survey respondents
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Fig. 6 — Pain Report Card 
Pain is an impor tant patient-centered con-

cern. Almost all respondents (88.40%) reported

that they regularly measure and document pain

at dressing changes, with almost thr ee-quarters

repeating the assessment 76% to 100% of the

time. Most respondents (77.98%) considered the

dressings in their w ound care formulary to be

helpful with the r eduction of w ound-related

pain. See clinical update on p. 7. n

Fig. 7 — Debridement Report Card
Debridement methods v ary depending b y

wound type and characteristics. For diabetic foot

ulcers, sharp debr idement was most fr equently

specified as the method of choice . For venous

ulcers, sharp bedside debr idement or enzymes

were most frequently mentioned, with some cli-

nicians using honey. For pressure ulcers, debride-

ment by sharp surgical methods or enzymes was

frequently specified. As outlined in Figure 7, the

scope of practice limitations as defined by licen-

sure for sharp surgical debridement techniques

was ranked as the highest importance (70.04%).

This was followed by knowledge (59.03%) and

previous use/exper ience (37.89%), with r eim-

bursement (12.33%) and cost (9.69%) ha ving

lower relevance. Debr idement is dr iven by es-

tablished protocol for 11.95% of r espondents.

See clinical update on p. 13. n

Fig. 8 — Moisture Balance Report Card
Participants provided insight into the impor tance

of different wound-dressing characteristics for mois-

ture balance and wound healing (Figure 8). The ma-

jority rank ed both the limiting of w ound bed

re-injury on dressing removal (80.38%) and minimiz-

ing maceration and damage to sur rounding tissue

(80.38%) as most important. This was followed closely

by the reduction of pain (69.38%) and ease of dressing

use (57.42%). The remaining dressing characteristics

ranked were ability to control exudate odor (43.06%)

and long wear time (24.40%). Over half (53.14%) felt

the products in their for mularies met their desir ed

wound-dressing characteristics more than 50% of the

time. See clinical update on p. 19. n
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Number of respondents indicating choice of debridement based on the following factors
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Number of respondents who regularly measure and document pain at dressing changes 

n=218
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Number of respondents ranking dressing characteristics for their importance in maintaining 
moisture balance for moist wound healing
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Number of respondents indicating frequency of therapies used for treating infected wounds
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Considering wound infection/inflam-

mation, there was a disconnect betw een

what par ticipants see as the diagnostic

procedure and the institutional per cent-

age of cultured wounds. The number of

wounds routinely cultured is depicted in

Figure 9a, with mor e than 50% of the

wounds in their institutions routinely cul-

tured 24.52 per cent of the time . While

33.33% of participants correctly identified

that wound infection/inflammation is di-

agnosed by localized wound or systemic

signs and symptoms, 54.05% stated that

the diagnosis of infection was determined

by bacterial swab and culture (Figure 9b).

The major ity of infections w ere treated

empirically based on signs and symptoms

before swab results (74.32%, Figure 9c).

The six most-cited symptoms and signs

that were identified for the diagnosis of

infections included incr easing pain, in-

creasing exudate, erythema/redness, odor,

elevated temperature, and wound failure

to progress or heal. 

Improved cr iteria are needed to ac-

curately diagnose incr eased superficial

bacterial burden, as only 41.15% of re-

spondents were confident concer ning

their current diagnostic criteria. In con-

trast, 50.72% w ere more confident in

their abilities to accurately diagnose

deep infected wounds. When dir ectly

asked if a better method of diagnosing

bacterial damage was needed, 79.33%

said y es, with about half stating that

they would always (19.23%) or usually

(39.42%) incor porate a bedside diag-

nostic tool for detecting superficial in-

creased bacter ial burden or deep and

surrounding skin infected wounds into

their practice.

Commonly or dered tr eatments for

wound-related bacterial damage and in-

fection included silver-based dressings

(57.14%), systemic antibiotics (46.22%),

other topical agents (33.63%), or other

treatments (34.48%) (see Figur e 10).

When these treatments are ranked as ef-

fective (Figure 11), silver-based dressings

were rank ed highest at 64.38%,  fol-

lowed by systemic antibiotics (61.29%).

Participants overwhelmingly cor rectly

reported that the treatment for wounds

with increased superficial bacterial bur-

den differs from the treatment of deep-

or sur rounding-skin wound-associated

infection (91.82%). See clinical up-

date on p. 15. n
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Infection/Inflammation Report Card
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Pain is an under-r ecognized and un-

dertreated component of chr onic

wound car e. P ersons with chr onic

wounds have both acute pain at the time

of dressing change and persistent (chronic)

pain between dressing changes. Affected in-

dividuals often exper ience a combination

of stim ulus-dependent nocicepti ve pain

(gnawing, aching,  tender , thr obbing, or

GATT), along with a spontaneous neur o-

pathic component (b urning, sting ing,

shooting, stabbing, or BSSS).1

The pain stimulus starts with free nerve

endings that or iginate in the der mis and

are distr ibuted to the surf ace of the skin

and its underlying structures. The percep-

tion of pain derives from the direct exci-

tation of nociceptor s in cutaneous fr ee

nerve terminals in response to trauma and

tissue damage. Pain is a subjecti ve, com-

plex exper ience that involves the inter-

play of many physical sensory, emotional,

motivational, social,  inter personal, and

cognitive factors.2 This conceptualization

explicates the need to compr ehend pain

as more than a ph ysiological phenome-

non. The pain pathway involves a sensory

electrical impulse that is conducted lin-

early from the per ipheral pain r eceptors

(nociceptors), ascends through the spinal

pain pathways, and ultimately projects to

higher center s in the brain wher e pain

perception is constructed. Despite seem-

ingly comparable levels of pain intensity,

persons with pain exper ience have vary-

ing degrees of physical limitations, emo-

tional distress and suffering.3  

In studies4-7of chronic wounds, the ma-

jority of patients reported pain; many rated

pain as moderate to the worst possible pain.

Accumulating evidence confirms that un-

relenting pain takes a central place in the

experience of living with chronic wounds.

Although the primary objective often is to

heal the wound, patients with various types

of chronic wounds consistently consider

pain management the pr iority.8-11 Prevail-

ing opinion consider s wound-associated

pain to be a major source

of str ess and anxiety , 

contributing to psycho-

logical distress and erod-

ing patients’ quality of

life.12 Pain also ma y 

deleteriously affect

wound healing through

various mechanisms.13

Woo and Sibbald1 de-

veloped a wound-associ-

ated-pain (WAP) model

(see Figure 1) that in-

corporates several com-

ponents contr ibuting to

the pain exper ience, in-

cluding patient-centered

concerns (eg, anxiety, depression, patient

expectations), w ound cause , and local

wound care issues (tissue trauma, moisture

balance, infection).   

Pain Can Be Associated With
the Cause of the Wound 

Patients with chronic wounds are vulner-

able to the development of pathological pain

due to conditions intrinsic to the underlying

wound etiolo gies. The most common  

reasons for patients with v enous disease to

experience pain include acute lipoder-

matosclerosis, thr ombophebitis, and

swelling of the legs.14,15 In a study of 758 pa-

tients with leg ulcer s, Franks and Moff att16

demonstrated that the longer the duration

of the ulcer, the higher the r eported pain

(P=0.022), suggesting a link betw een un-

corrected acute pain and the emergence of

chronic pain. Pressure-ulcer pain is often

persistent unless pressure, shear, and friction

are appropriately addressed. Even when pa-

tients have neuropathy, many patients expe-

rience spontaneous neuropathic pain in the

absence of protective sensation.

Pain, Tissue Trauma, and 
Dressing Change  

Although dressing changes are integral

to w ound management, associated local

trauma may aggravate sensory fibers, caus-

ing pain. Up to 80% of nurses (n=225) no-

ticed that patients exper ienced most pain

during dressing change particularly during

dressing removal.17

Patients often ar e concerned about pain

upon dr essing r emoval, which can occur

when dressing materials have adhered to the

wound bed due to dr ied-out materials, ag-

gressive adhesives, abnormal granulation tis-

sue with capillar y loops g rowing into the

product matrix, and the glue-lik e nature of

dehydrated or crusted exudate.18,19 Enzyme-

rich exudate may spill onto the per iwound

skin, causing maceration and tissue er osion

Patient-Centered Concerns: Pain 
Kevin Y. Woo, MSc, PhD(c), RN, ACNP, GNC(C), FAPWCA 

R. Gary Sibbald, MD, FRCPC (Med, Derm), MACP, FAAD, MEd, FAPWCA

Figure 1: Chronic wound-associated pain (WAP) model: the wound, the cause, the patient 
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• Adherenet dressing • Heavy exuclation
• Bleeding   • Peri-wound 
• Trauma      maceration
  • Malodour

Wound Associated Pain
Topical: lidocaine, opioids, NSAIDs

Systemic agents: nociceptive vs. neuropathic
WHO analgesic ladder

Patient-centered concerns
Past pain experience
Psychological: depression, anxiety, stress
Patients’ expectation and treatment goals
Awareness of disease/pain/treatment
Active patient involvement (coherence)

Tissue debridementand trauma:
• Selection of dressings and frequency 
   of changes
• Aggressive adhesives
• Wound cleansing/irrigation
• Tissue debridement
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with a subsequent incr eased r isk of trauma

and pain. 20

According to a review21 of dressings and

topical agents for secondar y-intention

healing of postsurg ical wounds, sufficient

evidence exists to show that patients expe-

rienced more pain with gauze than with

advanced moisture-balanced dressings in-

cluding foam, alg inate and h ydrocolloid

dressings. Each time the dr essing is r e-

moved, potential local trauma ma y evoke

pain, per petuating the inflammator y r e-

sponse with each dressing change. Despite

the potential trauma to the w ound base,

gauze contin ues to be one of the most

commonly used dressing materials, indicat-

ing a need to bridge research to practice.

Repeated application and removal of ad-

hesive tapes and adhesive dressings can me-

chanically str ip the stratum cor neum on

the skin surf ace from the epithelial cells.

This can pr ecipitate pain and skin dam-

age.22 In severe cases, erythema, edema and

blistering have been observed.23 Zillmer et

al24 evaluated potential skin damage fr om

patches of adhesives based on hydrocolloid,

polyurethane and soft silicone mater ial.

Dressings were applied to the forearms and

peri-ulcer areas of 45 patients with open

(n=29) and recently healed (n=16) venous

ulcers. The adhesives

were r emoved and r e-

placed every second day

for 14 da ys. After r e-

peated removal and ap-

plication of dressings, the

investigators noticed a

significant breach in the

skin-barrier function

(transepidermal w ater

loss) or stratum corneum

hydration (electrical con-

ductance) with h ydro-

colloid dressings. Similar

damage was not observed

using other adhesi ves.

Dressings that incor porated smaller

amounts of adhesi ve or silicone coatings

induced the least cutaneous irritation with-

out compromising normal transepidermal

water loss. Meaume et al25 randomized 18

patients with Stage II pressure ulcers to ei-

ther silicone dr essing or polyur ethane

foam. Patients receiving silicone dressings

displayed less wound edge and surrounding

skin damage with decr eased maceration

and leakage. By limiting skin damage upon

dressing removal, it is possible to minimize

pain at dressing changes.  

In consider ing pain as an outcome indi-

cator, Dykes and Heggie26 concluded that re-

moval of a silicone dr essing was less painful

(n=24, P<0.01) compared to dressings that

required higher peel force. However, results

of studies on healthy volunteers with intact

skin may not apply to patients with wounds

and fragile periwound skin.

In addition to dr essing removal, wound

cleansing also is likely to evoke pain during

the dressing change.1, 13,27

Infection, Chronic Inflamma-
tion, and Wound Pain

Chronic w ounds ar e in variably colo-

nized by micro-organisms that are usually

introduced by external contamination. In-

fection stim ulates an inflammator y r e-

sponse, leading to a per sistent influx of

neutrophils. These polymor phic neu-

trophils not only compete for oxygen and

nutrients, but also release damaging sub-

stances such as cytolytic enzymes, free oxy-

gen radicals, and inflammator y mediators.

Eventually, localized thrombosis and vaso-

constricting metabolites lead to tissue h y-

poxia. These tissue-damag ing events can

promote a vicious cycle of ongoing bacte-

rial proliferation and further tissue destruc-

tion. Early identification of w ound

superficial cr itical colonization and deep

infection may facilitate healing. The diag-

nosis is best confir med by documenting

clinical signs and symptoms.  Se veral r e-

searchers have proposed that the pr esence

of unexpected or incr eased pain,  along

with other cr iteria, indicates a wound in-

fection.29,30 Gardner30 reported that the

specificity value for pain as a diagnostic cri-

terion of wound infection was 1.00 (100%)

in a small population of infected w ounds.

The mechanism linking infection to pain

remains elusive but is thought to be via

toll-like receptors (TLRs). TLRs are ex-

pressed by numerous types of immunoac-

tive cells (leukocytes, and various nervous

system cells). In response to infection, these

receptors initiate a prompt responsive cas-

cade of cytokine synthesis,  facilitating the

orchestration of the innate inflammator y

and immune responses.

Assessment of Pain
Unfortunately, healthcar e pr oviders do

not consistently assess and document pain.

Lorimer et al31 reviewed 66 nursing records

of v enous ulcer patients r eceiving home

care. Only 15% of the records contained any

documentation of pain, and the assessments

were not standardized. Up to 55% of sur-

veyed community nurses said they did not

regularly assess pain in leg ulcer patients.

Husband9 sought to explore the community

VRS
Verbal Rating Scale

NRS
Numerical Rating Scale

VAS
Visual Analogue Scale

Whatever scale is used-ensure same one used each time to provide true comparison

Pain intensity scales

Simple Descriptive Pain Intensity Scale*

0-10 Numeric Pain Intensity Scale*

Visual Analog Scale (VAS)**

No 
pain

Mild 
pain

Moderate
pain

Severe 
pain

Very
severe
pain

No 
pain

Worst
possible
pain

Moderate
pain

Worst
possible
pain

No 
pain

Pain as bad 
as it could 
possibly be

0 1 2 3 4 5 6 7 8 9 10

* If used as graphic scale, a 10-cm baseline is recommended
*** A 10-cm baseline is recommended for VAS scales.

Figure 2. Commonly Used Pain Assessment Tools
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care provided for patients with v enous ul-

cers. None of the inter viewed 33 commu-

nity nurses expected patients with v enous

leg ulcers to have significant pain.

Patients often express feelings of fr us-

tration at the f ailure of healthcar e

providers to mitigate w ound pain. Pain

intensity can be documented b y a wide

variety of self-r eported pain scales.The

selection of a specific pain scale must take

into account a patient’s age, language, ed-

ucational level, sensory impairment, de-

velopmental stage and co gnitive status.

Ferrell et al e valuated fi ve commonly

used self-report pain-rating scales among

people residing in nursing homes.32 Al-

though most subjects (83%) were able to

indicate the pr esence of pain using an y

one of the scales, no one tool was deemed

universally useful for all patients. 

Regarding alter native appr oaches to

pain measurement and documentation,

studies have shown that the obser vation

of nonverbal indicator s encompassing a

wide range of vocalized signals and bod-

ily movements may provide a means of

assessing pain in patients (eg, neonates or

the cognitively impair ed) who ar e not

able to verbalize their pain. 33 However,

many of the behavioral mannerisms may

have idiosyncratic meaning to indi vidu-

als, and only abr upt alterations in the

identified behaviors may suggest pain. 34

Nevertheless, once chosen,  the same

measurement scale should be used for

subsequent assessments to ensure consis-

tent ongoing compar ison. Changes in

pain le vels ma y indicate a need to  

reassess the choice and timing of anal-

gesics and/or other interventions used in

pain management.35

In any case, all pain assessments should

be w ell-documented to f acilitate the

continuity of patient car e. The key ele-

ments of a holistic pain assessment ma y

include the pain type (nociceptive, neu-

ropathic or mixed), du-

ration of pain (chr onic

versus acute), severity/

intensity, impact of pain

on the patient, expected

levels of pain relief, and

identification of tr eat-

ment-related adv erse

effects in or der to r e-

duce their impact. 36

The per sonal interpre-

tation of the pain expe-

rience, anxiety , and

anticipation of pain also

should be addressed.  

Pain Assessment Tools
Several validated pain assessment tools

are a vailable for clinical practice (see

Figure 2).  

The visual analogue scale (VAS) is the

most commonly used instr ument to eval-

uate pain with ratio-scale property. It usu-

ally consists of a contin uous 100-mm

vertical or horizontal line between of “no

pain” and “w orst pain” to r epresent the

two extremes of pain intensity. To help pa-

tients conjure the worst scenario, the worst

pain is often described as “the most intense

pain imaginable” or “the worst pain expe-

rienced,” providing the individual has had

some horrific pain experience with which

to compare. Patients are asked to mark on

the VAS line nearest the descriptor that best

represents their pain intensity.

The numeric rating scale (NRS) is sim-

ilar to VAS, except that the number calibra-

tion 0 through 10 is displayed on the line

in order and at equal inter vals. The NRS

has low verbal and high numeric features.37,38

To compensate for this, anchor words and a

color spectrum also may be incorporated. Pa-

tients are asked to select the number that best

describes the intensity of their pain at the

present time. In general, pain is classified as

mild (1 to 3), moderate (4 to 7), or intense (8

to 10) by their cor responding numeric val-

ues. Because the NRS is concr ete and easy

to inter pret, it is pr eferred b y indi viduals

across all age groups.39, 40 Clinicians prefer the

NRS because it offers an immediate score for

a dynamic concept lik e pain without extra

calibration and calculation. 41 The minimum

clinically significant VAS/NRS pain score re-

ported in studies not r elated to wound care

was 1.4.42, 43 Up to 87.9% of venous leg ulcer

patients were able to assess pain using the

NRS, compared to 75% using VAS. 

The VAS and NRS are one-dimensional

simple instruments that are easy to admin-

ister and score. They have been used in a

variety of patient populations,  including

geriatric patients.

The verbal rating scale (VRS) is an ordinal

pain scale made up of w ord descr iptors of

pain: none, mild, moderate, and severe. Pa-

tients may find the w ording too limited

and often describe pain in their own terms,

such as “a little bit,” “some,” “bad but not

severe,” or “some where betw een mild

and moderate.”

For persons with low verbal comprehen-

sion, the Faces descr iptive scale (FDS) has

been introduced to document pain. The FDS

Figure 3: 

Venous
ulcer pain

Ischemic
ulcer pain

Pressure
ulcer pain

Diabetic foot
ulcer pain

Compression
Pentoxyphyline
Leg elevation

Ca charcoal blocker
Statin

Local vasodilators

Pressure 
redistribution
Continence

 management

Sensory neurology
Tissue destruction
(Charcol changes)

Autonomic dysfunction

Infection/Inflammation:
• Think NERDS and STONEES
• Topical antimicrobial eg. silver

Moisture balance:
Protect periwood skin
Moisture interactive dressings 

Wound Associated Pain
Topical: lidocaine, opioids, NSAIDs

Systemic agents: nociceptive vs. neuropathic
WHO analgesic ladder

Patient-centered concerns
Relaxation, distraction, time out Social club

Tissue debridementand trauma:
• Selection of dressings 
• Avoid Aggressive adhesives
• Gentle Wound cleansing
• Tissue debridement

Chronic wound-associated pain (WAP) model: 
the wound, the cause, the patient 
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consists of a ser ies of f aces, each depicting

different facial expressions from smiling to

crying, that represents increasing degrees of

pain. The FDS has been criticized because it

may be difficult to distinguish and determine

if pain or emotional state is being measured.

To enhance the validity of the scale, the af-

fective qualities including the smile and tears

have been removed.

Pain has several dimensions that include

both its severity and quality. To capture the

complexity of pain, multidimensional tools

may be considered. The Short Form McGill

Pain Questionnaire (SF-MPQ) is one of the

most commonly used multidimensional pain

measures. It contains 11 word descriptors for

the sensory qualities of a pain experience and

four related to the affective dimension. Word

descriptors on the SF-MPQ have been used

to evaluate neuropathic pain in n umerous

studies. Nociceptive pain (response to injury)

often is descr ibed as GATT, while neuro-

pathic pain is mor e likely to be BSSS . The

SF-MPQ has been used to evaluate the char-

acteristics of pain during wound care.  

Pharmacological approach to 
wound-associated pain

The treatment of pain can be concep-

tualized holistically using the wound bed

preparation model modified to include

the potential causes of w ound-related

pain (see Figure 3).

Using an exper imental design, Jorgensen

et al44 demonstrated that subjective evalua-

tion of well-being can significantly be im-

proved with the r eduction of pain

(P<0.0001). Wound-related pain is often un-

derestimated and under treated.  Hofman et

al45 reported that only half of patients with

venous leg ulcer and severe pain received ap-

propriate morphine-based analgesia. Clini-

cians’ knowledge of pain management is

often deficient. Nevertheless, pharmacother-

apy continues to be the key strategy to man-

age wound-related pain. Depending on the

severity of pain, the choice of pharmacolog-

ical agents for pain should adhere to the rec-

ommendations b y the World Health

Organization (WHO) (see Table 1). Most

patients with mild-to-moderate pain r e-

spond favorably to oral acetylsalicylic acid,

non-steroidal anti-inflammator y dr ugs

(NSAIDs) or acetaminophen. Caution must

be exercised in people older than 65 y ears,

for whom oral NSAIDs ma y be associated

with an increased risk of GI bleeds or renal

compromise, or the agg ravation of conges-

tive heart failure. As pain intensifies, weaker

and then stronger opioid analgesics should

be utilized. Neuropathic pain is common in

patients with chronic wounds due to damage

and irritation to nerves.  

Specific agents should be selected to ad-

dress neuropathic pain. Titrate the medica-

tion while monitoring therapeutic responses

(using a standardized tool) and consider

potential adverse effects when working to

achieve the therapeutic objective. 

Briggs and Nelson46 reviewed literature

that per tains to topical inter ventions for

pain in patients with v enous leg ulcer s.

Strong evidence cor roborates the use of

an EMLA cream (a eutectic mixture of li-

docaine and pr ilocaine) for the debr ide-

ment of venous leg ulcer s. None of the

reviewed tr ials e valuated per sistent

wound pain.

Since that meta-analysis was published,

new evidence has emerged from random-

ized controlled tr ials that demonstrates

the effecti veness of ib uprofen-releasing

foam for tr eating persistent and tempo-

rary acute w ound pain with pr omising

results.47-49 This dressing is not licensed

for use in the United States, but has been

released in Canada and Eur ope. The use

of topical morphine offers another option

for pain management. Although pain im-

provement was indicated in several studies

of patients with chronic wounds, this for-

mulation is not commer cially available;

the lack of pharmacokinetic data has pre-

cluded the r outine clinical use of this

compound at this time. 50-53 

Non-Pharmacological
Approach to 
Wound-Associated Pain

Common non-phar macological pain

management strategies aim to reduce the po-

tential effect of psychological factors such as

anxiety and stress that may aggravate the pain

experience. These techniques include relax-

ation, music therapy, touch therap y, visual

stimulation, hypnosis, stress-reducing strate-

gies, guided imagery, behavioral and cogni-

tive therapy, and distraction. 54-59 However,

little evidence supports their relative effec-

tiveness in the chronic wound population.60

Other complementar y therapies for pain

control include transcutaneous electr ical

Table 1: Pharmacological Pain Management

Neuropathic pain Nociceptive pain 

1st line

of use

TCA antidepressants: 
amitriptyline, nortriptylene, 
desipramine

ASA,NSAIDs, or acetaminophen

2nd line 
of use

Anticonvulsants:

gabapentin/pregabalin 

Weak opioids, eg codeine

3rd line
of use

SSRI antidepressant: 
duloxetine, venlafaxine 
Anticonvulsants: carbamazepine, 
sodium valproate

Strong opioids, eg morphine
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nerve stim ulation (TENS),  acupunctur e,

massage, laser therapy, and ther mal therapy.

These techniques’ clinical utility in manag-

ing wound-related pain is dubious due to the

paucity of wound pain-related research con-

cerning these adjunctive therapies.

Pain management may be efficacious if

other personal and social f actors, such as

anxiety and depr ession, that ma y cause

variability in pain perception are addressed.

Patients with chr onic wounds often ex-

pressed feelings of po werlessness, depres-

sion, and social isolation.  Only a small

proportion of patients are cognizant of fac-

tors contr ibuting to chronic wounds and

strategies to improve their conditions.61 In-

adequate infor mation and healthcar e

provider misconceptions r egarding pain

pose bar riers to effecti ve pain manage-

ment.62 These misconceptions often ser i-

ously hinder optimal pain management and

should be addressed while maintaining sen-

sitivity to patient beliefs. Patients are reluc-

tant to r eport pain and tak e medications

due to fear of addiction and side effects

from analgesia. Culturally, some individuals

believe that “good patients” do not com-

plain about pain and that healthcar e

providers ar e too b usy to manage their

pain.62,63 Some individuals perceive pain as

unavoidable and integ ral to g rowing old,

perpetuating a sense of helplessness and

hopelessness about pain. Effective commu-

nication and education let healthcare pro-

fessionals and patients estab lish cr edible

therapeutic relationships. Caregivers need

to reinforce the belief that chronic wound

patients do not have to live with persistent

or temporary pain and foster their acti ve

participation in the assessment,  treatment,

and coping behaviors.64

A therapeutic r elationship betw een

healthcare provider and patient can en-

hance treatment adherence to optimize pa-

tient outcomes.65,66 In a study of 56 patients

with venous leg ulcers, Edwards et al67 eval-

uated the impact of a community leg club

model of care on wound pain and heal-

ing.67 Subjects were randomized to r e-

ceive indi vidual home visits fr om

community nurses (the control group) or

to pay weekly visits to a n urse-managed

leg club (the intervention group). The leg

club offers a setting in which patients can

receive ulcer-management advice and in-

formation via social interaction with their

peers and expert nurses. Patients who at-

tended the leg club expressed significant

reductions in the amount of pain experi-

enced (Z=3.02, P=0.001) after 12 weeks.

The control group’s pain ratings did not

improve. Education is another strategy to

empower patients and to impr ove

wound-related-pain control.67 In a pilot

study, five patients with chr onic wounds

found dr essing pain mor e manageab le

after receiving educational information.88

Patient Bill of Rights 
Each per son with pain needs to ha ve

a sense of contr ol and empo werment 

(see Patient Bill of Rights a bove). 

Healthcare providers should check with

patients for the pr esence of pain and

recheck at regular intervals. The first step

to treatment is to determine the compo-

nents causing pain (see Figure 1). Clini-

cians must also r ealize that pain impedes

on quality of life and actiti vities of daily

living for patients, and that these f actors

need to be acknowledged and, where pos-

sible, addressed as part of a treatment plan. 

Patients also ar e entitled to call time-

outs when procedures are painful, and to

receive medication to pr ovide comfor t

from pain and suffer ing for both per sist-

ent pain and the acute pain at dr essing

change. The pain relief toolkit should in-

clude both phar macological and non-

pharmacological treatment options.

Caregivers need to char t the character

and intensity of w ound-related pain to

monitor changes and r ecommend treat-

ment. Standardized validated pain assess-

ment tools should contin ually monitor

the treatment outcome with the r esults

charted to document change. 

Conclusion
Pain is a common symptom for persons

with chronic wounds. The totality of the

pain exper ience contin ues to generate

conceptual and methodological discourse

due to the vicissitudes of this affliction.

However, pain is whatever the patient says

it is. The troublesome pain symptom may

evolve from one or more sources, includ-

ing wound etiologies and local wound care

such as surg ical debr idement procedures

or dr essing change . Sub-optimal local

components of the w ound base that ma y

be associated with pain include unwanted

debris, bacter ial damage from superficial

critical colonization or deep compartment

infections, abnor mal inflammation,  or

moisture imbalance (either excess or

paucity). It is cr ucial to r emember that

chronic wound-related pain is link ed to

abnormal wound characteristics but also to

human suffer ing. Pain has a tr emendous

impact on an indi vidual’s quality of life ,

emotional state, and sense of w ell-being.

To improve the li ves of individuals with

chronic wound-related pain, new pain-re-

lated knowledge must be translated into

the tr eatment of the affected patients’

physical and emotional states. n
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The w ound bed pr eparation (WBP)

model was created as a practical clinical

guide for the optimal tr eatment of

chronic wounds (see Figure 1).1-3 Clinicialns

should always put patients first (addressing pa-

tient-centered concerns), then treat the cause

using the most adv antageous local w ound

care. The initial components of local care are

debridement, infection/inflammation, mois-

ture balance (DIM). The E (edge effect) in

DIME often presents clinically as a cliff-like

wound edge of a healab le wound that is

stalled or not healing at the expected rate .4

Active agents (biological, growth factors, skin

substitutes, adjunctive therapies) are effective

only if the wound bed has been appropriately

prepared following all the steps in Figure 1.  

Starting the 
Wound Healing Journey

Accurate wound diagnosis and correcting

the cause ar e impor tant fir st steps in the

wound healing journey. For example, to ap-

proach a diabetic foot ulcer, think VIPS: Vas-

cular supply is adequate;  infections (both

superficial incr eased bacter ial b urden and

deep- or sur rounding-skin infection) ar e

controlled; plantar pressure is redistributed;

and, if the wound is healable, sharp surgical

debridement is performed.

Venous leg ulcer s require bandaging for

healing and stockings for maintaining the

wound and preventing recurrences. High-

compression bandag ing is indicated for

ankle-brachial pressure index (ABPI) >0.8;

modified/lower-compression should be

considered for ABPI between 0.6 and 0.8.

Pressure ulcers would benefit from an assess-

ment of lying (eg, bed and mattress) and seat-

ing surf aces (eg,  wheelchair) to ensur e

appropriate pressure management. Other is-

sues to addr ess ma y include fr iction and

shear, excess moisture (urinary and fecal in-

continence), malnutrition, and immobility.

To following factors

must be considered to

determine the wound

healability (see Table

1): whether the cause

is treatable, blood sup-

ply adequacy , and if

co-existing conditions

or dr ugs pr event or

delay healing.3

Moist interacti ve

healing is contraindi-

cated in nonhealab le

wounds. The care plan

should include conser-

vative debr idement

without cutting into living tissue and causing

bleeding; bacterial reduction; and moisture re-

duction. When healing is not immediately

possible, such as in cases of uncontrolled deep

infection or where bacterial burden was more

of a concern than tissue toxicity (maintenance

or non-healable wounds), antiseptics including

povidone iodine, chlorhexidine and their de-

rivatives are good treatment options. Each of

these agents has r elatively low tissue toxicity

compared to other commonly used antiseptic

agents (sodium hypochlorite, various aniline

dyes, quaternary ammonia compounds or hy-

drogen peroxide). The following articles will

review the DIME components individually. n
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Figure 1

Wound Bed Preparation and DIME 

Chronic Ulcer

Treat Cause Local Wound 
Care

Patient-Centered
Concerns

Debridement of
Devitalized tissue

Superficial Infection/
Chronic Inflammation

Edge-Non-healing Wound

Biological Agents -

Growth Factors
Skin substitutes Acellular matrix

Skin Grafts - Full/Partial Thickness
Adjective Therapies (VAC)

Moisture
Balance
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Table 2: Determination of Realistic Outcomes

Wound prognosis Treat the cause Blood supply Co-existing medical condition/drugs

Healable Yes Adequate Does not prevent healing

Maintenance No Adequate +/- prevent healing

Nonhealable No May inhibit healing May inhibit healing
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Debridement is a cr ucial step to in

preparing the w ound bed; it r e-

moves devitalized and damaged tis-

sue, such as firm eschar or slough, that may

act as a pro-inflammatory nidus or growth

media for bacter ia.1 Potential additional

benefits of debridement — such as remov-

ing senescent sells that are deficient in cel-

lular acti vities — ha ve generated m uch

debate.2 Debridement disturbs bacter ial

biofilms, rendering bacteria more suscep-

tible to antimicr obial tr eatment; taper s

sharp slopes from the wound edge to f a-

cilitate k eratinocyte mig ration; de-roofs

skin over undermined edges to expose the

wound marg ins; and cr eates an acute

wound within a chronic wound to trigger

the cellular cascade that facilitates healing.  

The decision to perfor m debridement

should depend on whether the wound is

considered healab le, nonhealab le, or

maintenance. Aggressive debr idement to

the vascular layer is not recommended in

nonhealable wounds in which causati ve

factors that pr eclude healing cannot be

addressed. Under judicious deliberation,

conservatively debr iding nonhealab le

wounds — tr imming loose-hanging fib-

rin to reduce necrotic mass and associated

odor — may be appropriate. The purpose

of conser vative debr idement is to en-

hance quality of life and decrease the risk

of infection but not to f acilitate healing.

For healable wounds, different debr ide-

ment methods have been descr ibed: me-

chanical (wet-to-dry dressing), enzymatic,

autolytic (endo genous enzymes fr om

dressings), biolo gical (maggots),  and

sharp/surgical. Where appr opriate, the

choice of debr idement method depends

on the urgency , r esources or exper tise

available, and patient pr eference2 (see

Table 1).

Sharp Surgical Debridement
Sharp surgical debridement is the most

expeditious method to remove unwanted

tissue. It employs sharp instruments such

as scissors, scalpels, and curette at the bed-

side or in the operating r oom, when ex-

tensive debridement and subsequent blood

loss is anticipated. In persons with diabetes,

sharp surgical debr idement of hyperker-

atosis and callus can r educe overall peak

plantar pressure by as m uch as 29%. 3 A

study of platelet der ived growth factor in

the treatment of neuropathic foot ulcer s

revealed that 83% of patients achie ved

healing with active surgical debr idement,

in contrast to the 20% healing rate in pa-

tients with suboptimal debridement.4 The

results strongly suggest “wound debr ide-

ment is a vital adjunct in the car e of pa-

tients with chronic diabetic (neuropathic)

foot ulcer s.”4 Although other r esearch

findings corroborate the therapeutic value

of sharp debr idement (especially for dia-

betic neutrophic foot ulcer), this debride-

ment method may not always be feasib le

due to pain, bleeding potential, cost, and

lack of clinician expertise.  

Mechanical Debridement 
Mechanical debridement requires physi-

cal forces to remove or dislodge wound de-

bris. The wet-to-dry dressing technique is

probably one of the most popular forms of

mechanical debridement. As the wet (saline)

dressing dries up, necrotic materials that are

adhered to the structure of the dressing fab-

ric are pulled and removed with force. This

creates pain and trauma, hindering the heal-

ing pr ocess. Hydr otherapies such as

whirlpool, pulsatile lavage, and irrigation are

available but warrant extra precautions to

limit cross-contamination and aerosolizing

bacteria droplets. The force of ir rigation

should be limited to between 8 to 12 psi to

avoid excessive trauma to wound surface.5

Autolytic, Enzymatic, and 
Biological Debridement 

Autolytic debridement removes non-vi-

able tissue through promoting the activities

of phagocytic cells and endo genous en-

zymes. Smith reviewed randomized con-

trolled clinical tr ials (RCTs) pertaining to

debridement of DFUs.6 Combined results

from three RCTs suggest hydrogels are su-

perior to gauze or standard care to assist tis-

sue autolytic debr idement and healing in

DFUs. Enzymatic debr idement adds ex-

ogenous agents such as pr oteolytic en-

zymes, including collagenase (this is the

only enzyme available in the US), streptok-

inase, str eptodornase, tr ypsin-chy-

motrypsin, papain/urea, and plant enzymes

(eg, fig, pineapple) to accelerate the de-

bridement process.7-10 De-sloughing may

be hastened by lowering wound pH, but

using organic and inorganic acids and other

chemical agents is discouraged in light of

the potential for pain and tissue toxicity.  

Biological debr idement — inoculat-

ing larva that feed on necrotic tissue and

exudate in a wound — is gaining popu-

larity. Lar va secr etions contain pr ote-

olytic enzymes, antibacter ial substances,

and growth factors that purportedly fa-

cilitate wound healing. However, there is

no e vidence to indicate that maggot

therapy is superior to other forms of de-

bridement.11 Despite the potential ben-

efits of maggot therap y, this therap y is

not innocuous, and local painful r eac-

tions are not uncommon.12,13

D — Debridement
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Emerging evidence suggests that novel

debridement methods may improve prac-

tice for selected patients.  These methods

include applying acoustic energy or ultra-

sonic sound waves. However, after review-

ing the relevant literature, Ramundo and

Gray14 concluded that the e vidence does

not sufficiently substantiate the claim that

ultrasonic de vices adequately r emove

necrotic tissue from chronic wound sur-

faces. Introducing a high-pr essure jet of

sterile saline (Versajet Hydrosurgery Sys-

tem, Smith & Nephew, Largo, FL) excises

and aspirates the unwanted tissue, but the

depth of tissue r emoval is controlled by

the direction and force of the jet str eam,

which could cause undesirable damage or

remove healthy granulation in the wound

base. However, used properly, this technol-

ogy is effective and has been demonstrated

to curtail debridement time significantly.15

Cost and the potential need for an oper-

ating r oom (instead of the amb ulatory

clinical setting) hinder s acceptance of

these modalities into some w ound care

practices.16 There is also a need for studies

comparing efficacy and cost-effectiveness

of these newer therapies with other types 

of debridement. n
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Table 1: Key Factors for Deciding Method of Debridement

Factor Surgical Enzymatic Autolytic Biological Mechanical 

Potential pain +++++ ++ + +++ ++++

Speed + +++ +++++ ++ ++++

Tissue selectivity +++ + ++++ ++ +++++

Exudate + ++++ +++ +++++ ++

Potential
infection

+ ++++ +++++ ++ +++

Cost +++++ ++ + +++ ++++

+ indicates lowest and +++++ highest © Sibbald, Woo, Ayello 2008
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Wound-related bacter ial dam-

age and infection can r esult

in poor w ound healing and

other adverse patient outcomes. Several

studies suggest wound infection is one of

the major risk factors that heralds ampu-

tations in patients with diabetic foot ul-

cers. Length of hospital stay and mortality

are significantly increased in surgical pa-

tients who had w ound infection:  the

mortality rate is mor e than 50% in pa-

tients who have bacteremia secondary to

pressure ulcers.1

What Is Wound Infection?
All chronic wounds contain bacteria, so

bacteria’s presence on a surface swab does

not define infection.  In f act, the mean

number of bacter ial species per chr onic

ulcer has been found to range from 1.6 to

4.4.2 Bacterial presence is not necessar ily

pathological but may actually facilitate nor-

mal healing.3 Critical to wound healing is

whether bacter ial balance is maintained

(contamination or colonization) or bacte-

rial damage (critical colonization or infec-

tion) has occur red. In br ief, all chr onic

wounds are contaminated, with bacteria on

their surfaces. As the attached bacteria pro-

liferate, colonization is estab lished. With a

decrease in host r esistance, bacter ia can

cause local tissue damage in the superficial

wound compartment. This phenomenon is

referred in the literatur e as cr itical colo-

nization, increased bacterial burden, covert

infection, or localized infection. When the

bacteria invade and damage the surround-

ing and deeper str uctures in the w ound

base, the classical signs and symptoms of in-

fection are produced.   

The r isk of infection is deter mined by

the number and nature of invading bacteria

as well as host resistance as outlined in the

following equation:

Infection = Number of organisms x Organism virulence

Host resistance

In this equation, host resistance is the most

important factor; it refers to the host’s im-

mune response to resist bacterial invasion and

ability to prevent bacterial damage.2

How to Diagnose 
Wound Infection

The assessment of infection in a chronic

wound is a clinical skill and the decision to

prescribe antibiotics or apply topical an-

timicrobial agents should be based pr ima-

rily on clinical presentations (see Table 1).

The clinical value of a culture is to identify

multiresistant bacteria such as methicillin-

resistant Staphylococcus aureus (MRSA) and

determine the sensitivity of bacter ial or-

ganisms associated with clinical infection.

To minimize contaminants,  a s wab

specimen should be obtained using the

recommended Levine’s technique.4 First,

the wounds should be irrigated with nor-

mal saline until excess visib le debr is has

been washed away. This is followed by ro-

tating the swab tip in a 1-cm2 area of the

cleanest part of the wound, preferably in

an area of granulation. A certain amount

of pressure is used to extract tissue exu-

date for successful cultur ing. The swab

then is r otated 360 o and placed in the

transport media.4 The swabs then should

be sent to local laboratory for processing

in a timely fashion. In a study of patients

with pr edominant diabetic foot ulcer s,

Gardner et al 5 examined the qualitati ve

bacteriology analysis and reported a high

concordance rate of 78% betw een swabs

(obtained with Le vine’s method) and

deep-tissue biopsies. 

Signs Associated With Wound
Infection: NERDS and STONEES

Wound bacter ial damage could be di-

vided into superficial and deep compo-

nent. Validated signs of incr eased surface

bacterial burden and deep infection ar e

represented b y the letter s in the

mnemonics NERDS and STONEES, re-

spectively (see Tables 2 and 3). No one

individual sign or symptom accurately

confirms the diagnosis of w ound infec-

tion, but a combination of tw o or thr ee

of these signs can signal diagnosis in each

level.3,6 By focusing on salient clinical

signs to separate superficial and deep

compartment involvement, the clinician

can consider therapeutic options that are

most appropriate and cost-effective.   

Osteomyelitis  
Osteomyelitis should be suspected if ul-

cers probe to bone (sensitivity equals 38%

to 87%; specificity equals 85% to 91%; pos-

itive predictive value equals 53% to 89%;

negative pr edictive v alue equals 56% to

98%).7-9 Additional b loodwork (eg, er y-

throcyte sedimentation rate and C-reactive

protein) and radiographic assessment (eg,

bone scan and X-ray) may be beneficial, al-

though false positives are common.  

Treating Wound Infection
Superficial colonization: The superficial

compartment extends appr oximately 1

mm to 3 mm belo w the wound surface.

Some bacteria will critically colonize the

superficial, relatively hypoxic wound en-

vironment, but not all species ha ve the

virulence to in vade the deep compar t-

ment. Cleansing solutions,  saline , and

I — Infection and Inflammation
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water ar e usually r ecommended to r e-

move surface debris and becteria because

of their low tissue toxicity.  New topical

antimicrobial pr oducts containing

chlorhexidine and iodine ar e r eadily

available and less toxic (see Tables 5 and

6). Silver dressings are popular, but silver

requires moisture to be activated and re-

leased into the tissue to ex ert its antimi-

crobial effect (see Table 7 for other

considerations). Alternatively, bacteria can

be entrapped and sequester ed in the

micro-architecture of a dr essing, where

they may be inactivated.  

For deep- and surrounding-wound in-

fection, systemic agents (see Table 4) are

usually recommended, as topical agents

are not ab le to penetrate into the deep

compartment.  An effective topical an-

timicrobial (see Table 8) may still be

considered to eliminate the bacter ia that

percolate to the superficial compartment

where the cir culation may be less than

optimal. Lastly, if the infection is prom-

ulgated systemically , systemic agents

must be considered. Systematic reviews11

of tr ials to e valuate the effecti veness of

antimicrobial treatment for diabetic foot

ulcer f ail to suppor t the super iority of

any intravenous or oral antibiotic r egi-

men over others. Prophylactic antibiotics

have not been demonstrated to facilitate

wound healing.10 n

Table 8: Topical Agents

Agent Vehicle S. aureus Streptococcus Pseudomonas Anaerobe Comments

- Gentamicin
sulphate

- Cream/ointment

Alcohol cream 
base or petrolatum
ointment

√ √ √ - Good broad spec-
trum vs. gram
negatives

- Topical use may ↑
resistance

- Metronidazole
gel/cream/solution

Wax- glycerin cream
and carbogel
940/propylene 
glycol gel

√ - Good anerobe 
coverage and
wound deodor-
izer

- Mupirocin 2%
cream ointment

- Nasal ointment

Polyethylene glycol 
(ointment)
Paraffin/glycerine 
(nasal ointment)

√ √ - Good for MRSA
- Excellent topical
penetration

- Used 
predominantly
perirectal, nasal 
colonization

- Polymyxin B 
sulphate

- Bacitracin zinc

White petrolatum 
ointment

√ √ √ √ - Broad spectrum
- Low cost

- Polymyxin B 
sulphate

- Bacitracin
zinc-neomycin

White petrolatum 
ointment

√ √ √ √ - Neomycin is a 
potent sensitizer
and may cross
react with other
aminoglycosides
in 40% of cases

- Polymyxin/
Gramicidin

Cream √ √ √ - Broad spectrum
coverage

- Silver sulfadiazine
(SSD)

Water-miscible cream √ √ √ √ - Do not use in 
sulpha sensitive 
individuals/ 

- Short half life
Neutropenia is 
possible

- may leave
pseudoeschar on
wounds 

References and tables 1, 4, 5, 6, and 7 are available in convenient downloadable PDF format: 

www.o-wm.com/supplements/0409molnlyckecharts.pdf
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Download references and tables 1, 4, 5, 6, and 7: www.o-wm.com/supplements/0409molnlyckecharts.pdf

Table 2: NERDS

NERDS: Any three or more indicate critical colonization; use topical therapy including silver dressings

Definition/defining features

N Nonhealing
wound

• Wounds that are not 20% to 40% smaller in 4 weeks according to
patient’s history or existing documentation

• Bacteria compete for nutrients and oxygen essential for wound heal-
ing activities. Bacterial exotoxins and endotoxins are generated and
diffused into the wound milieu impairing normal cellular functions  

• Bacterial toxins have been proposed to adversely affect the normal
collagen deposition and cross-linking potentially contributing to surgi-
cal wound dehiscence

E Exudative wound • An increase in wound exudate can be indicative of bacterial pro-in-
flammatory damage and leads to periwound maceration

• More than 50% of the dressing was tainted with exudate
• Bacterial leukocidins, phospholipases, and toxins rapidly destroy neu-

trophils, producing watery exudate
• Infections consisting primarily of Gram-positive organisms typically

have purulent exudate 

R Red and bleeding
wound

• The wound bed tissue is bright red with exuberant granulation tissue 
• Bacterial stimulation of vascular endothelial growth factor (VEGF), re-

sulting in excess formation of weak blood vessels, and tissue is easy
to bleed even with gentle manipulation 

• A poor quality of collagen matrix formation from reduced fibroblast
activity and ongoing thrombosis of larger vessels in infected wounds
renders the granulation less resilient to trauma  

D Debris • The presence of discolored granulation tissue, slough and necrotic/
nonviable tissue

S Smell from the
wound

• Unpleasant or sweet, sickening odor
• Putrid discharge is attributed to products of bacterial metabolism in-

cluding volatile fatty acids, (propionic, butyric, valeric, isobutyric and
isovaleric acids), volatile sulphur compounds, putrescine, and 
cadaverine

© Sibbald, Woo, Ayello 2009 
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Table 3: STONEES 

STONEES: Any three or more indicate deep infection, which requires oral or parenteral agent

Definition

S Size is 
bigger

• Wound size is increasing 
• Size as measured by the longest length and the widest width at

right angles to the longest length. Only very deep wounds and
most pressure ulcers Stage III and Stage IV need to have depth
measured with a probe

• Bacteria produce specific proteolytic enzymes such as invasins
that attack protein and extracellular matrix components

T Temperature 
increased

• Increased periwound margin temperature by more than 3o F 
difference between two mirror-image sites 

• Temperature differences may be affected by the presence of
deep structural damage, giving false elevation or impaired 
circulation, masking the presence of infection

O Os 
(probes to or
exposed bone)

• Wounds that had exposed bone or that probed to bone

N New 
areas of 
breakdown

• New areas of  breakdown or satellite lesions

E Erythema,
edema

• Reddened skin in the periwound area
• Presence of swelling in the periwound wound area
• Increased amount of drainage

E Exudate • Reddened skin in the periwound area
• Presence of swelling in the periwound wound area
• Increased amount of drainage

S Smell • Unpleasant or sweet, sickening odor
• Clinicians need to differentiate the smell of bacterial damage

from the odor associated with the interaction of exudate with
different dressing materials, particularly some hydrocolloids

18 A Supplement to OWM
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Avoiding too m uch or too little

moisture in the w ound is essen-

tial to all phases of w ound heal-

ing. The surf ace of a chr onic w ound

should encourage cellular pr oliferation

and migration. However, excess moisture

can be deleterious to wounds. Numerous

studies have established that the presence

of a moist wound environment 

• accelerates the 

re-epithelialization process, 

• facilitates the action of growth factors,

• increases keratinocyte and 

fibroblast proliferation, 

• enhances collagen synthesis, and 

• promotes angiogenesis and early 

wound contraction.

Increased exudate may be produced dur-

ing the inflammatory phase of wound healing

due to alteration in capillary permeability, va-

sodilatation, and migration of the inflamma-

tory cells. Exudate is slowly discharged from

injured cells in the bloodstream through small

pores in the capillar y walls. Chronic wound

exudate contains high levels of oxidative en-

zymes, leukocytes, cytokines, and proteases

(eg, matrix metalloproteinases). This enzyme-

rich and caustic exudate ma y spill o ver to

wound margins causing maceration or epi-

dermal erosion (ie, loss of part of the epider-

mis, but maintenance of an epider mal base),

and pain.1 As a result, the excess exudate dam-

ages periwound skin and retards healing.

Therefore, it is important to remove ex-

cess exudate from the wound with an ab-

sorbent dressing. A plethora of dr essings

have been developed to maintain moisture

balance. Major categor ies of dressings in-

clude foams, alginates, hydrofibers, hydro-

gels, and hydrocolloids.

Foams
Polyurethane foam dressings are designed

to wick up a large volume of exudate. These

dressings are non-bioresorbable, with cells

arranged like a honeycomb with an air-filled

center and polyurethane wall. For conven-

ience, foams can be di vided into fir st-, sec-

ond- and third-generation products.   

First-generation foams are characterized by

uniform pore size (like a sieve) that cannot

lock in fluid. When they are compressed or

oversaturated, the fluid is released back to the

wound surface or spilled o ver to the per i-

wound skin, causing maceration.

A second-generation foam has v ariable

pore sizes; these foams have superior fluid

management and trap moistur e in the

smaller pores, while certain amount of fluid

is donated back to the w ound from the

larger cells, maintaining a moist wound en-

vironment. This type of foam is more likely

to retain fluid under compr ession and is

much less likely to cause periwound mac-

eration. The fluid-handling capacity of var-

ious foams also can be affected b y the

polyurethane film backing’s ability to

transfer moisture vapor out of the dressing,

but form a barrier to bacterial contamina-

tion (called moistur e vapor transmission

rate). The surface of the foam in contact

with the wound may be plain (no coating)

or contain acrylic adhesives or soft silicones

to promote adherence to the wound base

and surrounding skin. 

Third-generation foams have appeared

on the marketplace; first- or second-gen-

eration foam dr essings are now used as

the delivery vehicle for silver and other

local agents to tr eat the superficial

wound compartment.    

Depending on the level of wound exudate,

foams have a wear time of 1 to 7 days. Most

foams can be cut to the w ound size if mac-

eration is a pr oblem (except for boar der

products). Additional slits also can be created

on the upper surf ace to allow extra wound

fluid to be wick ed into a superabsorbent

product or abdominal (ABD) pad.  

Alginate and Hydrofibers
Alginate and hydrofibers are also ab le to

handle copious exudate while their gelling

effect keeps the wound base moist. 

Alginates. Alginates are derived from kelp

or brown seaweed and converted to a fiber

when combined with calcium. Manufactur-

ing techniques can pr oduce the fiber s as a

wafer or pad that has lateral wicking or as a

rope that presents more vertical wicking of

wound fluid. Depending on the species of

kelp from which the alg inate is extracted,

there may be higher concentrations of either

manuronic acid or galur onic acid. A high

concentration of manuronic acid in calcium

alginate renders the dressing mater ial more

gel-like, while a higher concentration of

galuronic acid increases tensile strength. Cal-

cium alg inate often is used post-debr ide-

ment for its hemostatic pr operty. The

hemostatic cascade is triggered as the calcium

ion is released from the dressing in exchange

with sodium present in the wound fluid. As

a natural pr oduct, calcium alg inate is

biodegradable and can disappear completely

between dressing changes. If the wound is

producing a scant amount of exudate, the al-

ginate fiber may adhere to the wound base,

and a hydrogel may be a mor e appropriate

choice. Compared with foams, calcium algi-

nates are less absorptive, but they are able to

act as autolytic debriders. Dressings with al-

ginates usually ar e changed daily to thr ee

times weekly.

Hydrofibers. Hydrofibers ar e car-

boxymethylcellulose strands available in pads

or packing materials. They have a water-hat-
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ing component (hydrophobic methylcellu-

lose) that gives the dressing its tensile strength

as well as a w ater-loving component (h y-

drophilic carboxy) that acts as a fluid lock. As

the dr essing absorbs fluid,  the h ydrofiber

consistency converts to a gel, weakening its

tensile str ength. Hydr ofibers with ly ocel

stitching are preferred for undermining and

packing into deep sinuses and tunnels, as this

non-bioresorbable mater ial may break and

be left behind in these dead spaces.  Similar

to calcium alg inates and hydrogel, dressing

changes are generally made daily to thr ee

times a week.    

Hydrogels
Hydrogels are usually indicated for r ela-

tively dry wounds or autolytic debridement.

The major ingredient is water (70% to 90%)

that donates moisture into the wound base.

Hydrogels have different backbones that in-

clude saline (eg,  Hypergel,  Nor mlgel),

propylene glycol (eg, Intrasite), hydrocolloids

(eg, Duoderm gel), alginate (eg, Nugel) and

collagen (eg, Woun’Dres). These materials,

available in amor phous and wafer formats,

are excellent autolytic debriders and preserve

moisture balance largely by donating mois-

ture to the wound surface. Their “tack” pro-

vides the ability to adher e to the applied

surface, increasing viscosity compar ed to

water. In amor phous for m, the dr essings

help stimulate granulation tissue; in wafer

form, they can maintain surf ace moisture

to support re-epithelialization. 

Hydrocolloids
Hydrocolloid dr essings consist of car-

boxymethylcellulose as the filler , water-ab-

sorptive components such as gelatin and

pectin (commercial gelatin desserts), and an

adhesive. These dressings can promote moist

interactive healing and autolytic debr ide-

ment with an antibacterial effect (low pH).3

Hydrocolloids are designed for wear times of

1 to 7 da ys, and for this r eason their ab-

sorbency is lower than foams or calcium al-

ginates, b ut similar to that of h ydrogels.

Common concerns include odor, strong peel

force to remove the dressing, and residue left

on the skin surf ace, as certain hydrocolloids

have a tendency to melt into the skin.  Oc-

casional allergies have been reported from

some colophony-related adhesives (Pentylin

H) associated with some hydrocolloid dress-

ings.4 The utility of this class of dressing has

improved by using a polyur ethane film or

foam-like material for the backing. 

Films 
Film dressings often are used for local pro-

tection. The choice of a nonadherent (no ad-

hesive) versus a film with adhesi ve backing

should be determined by the fragility of the

skin. Adhesives may be responsible for skin

tears due to the tear for ce on dressing re-

moval. Caution is required with patients who

are on steroid therapy and have a recently

healed wound that only attains 20% of the

original tensile strength of skin. Film mate-

rials are semi-occlusive with various degree

of permeability that allows water molecules

to pass through the dressing and evaporate

into the ambient environment at a v ariable

rate, depending on the water-vapor transmis-

sion rate . These dr essings ar e designed to

handle minimal amounts of fluid.

Evidence Base for Moist 
Interactive Healing  

Despite the availability of different types

of dr essings, pr evious systemic r eviews of

random, controlled tr ials have not revealed

the benefit of one dressing class over another

in various chronic wound types.5,6 Palfrey-

man et al6 found no significant difference be-

tween adv anced moistur e-controlling

dressings and normal saline gauze. However,

saline gauze usually requires frequent dress-

ing changes to maintain moistur e balance,

increasing the likelihood of trauma and pain,

as well as higher n ursing costs. Alternative

dressings ma y r emain on the w ound for

longer periods to avoid frequent removal.7

Moist interacti ve healing is contraindi-

cated in nonhealable wounds. Instead, local

wound care involves conservative debride-

ment of nonviable slough without causing

bleeding, bacter ial reduction, and moisture

reduction. Nonhealab le w ounds ar e best

treated with antiseptics when healing is not

immediately achievable (uncontrolled deep

infection) or when bacterial burden is more

of a concer n than tissue to xicity (mainte-

nance or nonhealable wounds). n

Table 1: Comparison of Dressing Materials 

Recommended Dressings & Topical
Agents for Diabetic Foot Ulcers

Debride-
ment

Bacterial 
Balance

Moisture 
Balance

Comments

Foam (Mepilex, Mepilex Border, 
Biatain, Allevyn)

None No direct 
effect

Absorbent 
++++

•Not bioresorbable
•Fluid exchange 
•Variable adherent 

contact surface

Hydrofiber (Aquacel) None May trap 
bacteria

Absorbent
++

•Not bioresorbable
•Fluid lock

Calcium Alginate
(Melgisorb, Kaltostat)

Autolytic No direct 
effect

Absorbent 
+++

•Bioresorbable
•Local hemostasis 

Hydrogel  (Normlgel, Hypergel, 
Intrasite gel, Duoderm gel)

Autolytic No direct 
effect

Absorbent 
+

•Good for autolytic 
debridement with 
dry wounds

Films (Mefilm, Tegiderm, Opsite)
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Normal wound healing follows an

orderly sequential trajectory that

requires an integ ration of com-

plex physiological and molecular e vents.

These events include cell recruitment and

migration; connective-tissue cell prolifer-

ation; and extracellular matr ix synthesis

and deposition.1 As a r ule of thumb, if a

healable wound is not at least 30% smaller

at week 4, despite optimal local w ound

care, it is unlikely to heal by week 12.2 

Some of the mechanisms r esponsible

for stalled wound healing remain contro-

versial. The edge of the wound often fails

to advance when keratinocyte migration

is challenged, preventing wound closure.

The epider mal edge ma y have a steep ,

cliff-like appearance (the edge effect),

rather than the tapered edge of advancing

purple-pink epithelium that slopes into

the mature granulation base of a healing

wound. This ph ysiologic occur rence is

different from epibole, in which epithe-

lium has g rown over a deficient space .

Tomic-Canic et al 3 explain that h yper-

proliferation of k eratinocytes and their

impaired mig ration in chr onic wounds

may be due to overproduction of a mol-

ecule called C-m yc.  Man y chr onic

wounds also demonstrate mark edly in-

creased activity of inflammatory cells and

associated mediators such as matrix met-

alloprotineases (MMPs).4 Wound healing

stalls because degradation of extracellular

matrix and g rowth factors occurs more

rapidly than their syntheses, hindering the

wound from progressing toward the pro-

liferative phase and, ultimately, re-epithe-

lialization. Harding et al5 portend that the

longer a wound remains in the inflamma-

tory phase, the more cellular defects ar e

detected, with potential delayed healing.  

Wound healing can be impr oved by

locally manipulating growth factors, ex-

tracellular matrix (ECM), and the signal-

ing pathw ays that r egulate mig ration,

proliferation, differentiation, and metab-

olism of cells. Active wound therapies —

including biological agents, growth fac-

tors, autologous epidermis, allograft, and

adjunct therapies — ma y promote the

advancement of the w ound edge as  

outlined in Tables 1 through 3 for ve-

nous leg ulcers, diabetic foot ulcer s and

pressure ulcers.  n
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Table 1: Advanced Therapies for Venous Disease

Advanced Therapy RCT Meta-analysis Results 

Oasis (Healthpoint, Fort Worth, TX) Yes6 Complete healing

Apligraf (Organogenesis, Canton, MA) Yes7,8 Complete healing

Therapeutic ultrasound Yes9 Faster healing

Promogran (Systagenix, Somerville, NJ) Yes10,11 Decreased wound size

Electrical therapy Yes12 Decreased wound size and 
reduced pain

Ultrasounds Yes13,14 Decreased wound size; 
faster healing

Light therapy Yes29 Decreased wound size
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Table 2: Advanced Therapies for Diabetic Neurotropic Foot Ulcers 

Advanced Therapy RCT Meta-analysis Results 

Oasis (Healthpoint, Fort Worth, TX) Yes15 Complete healing equal 
to PDGF

Growth factors (PDGF) Yes16,17 Complete healing

Apligraf (Organogenesis, Canton, MA) Yes18-20 Complete healing

Dermagraft (Advanced BioHealing, Westport, CT) Yes21-23 Complete healing

Hyperbaric oxygen therapy (HBO) Yes24 Prevention of amputations

Therapeutic ultrasound Yes25 Complete healing

Negative-pressure wound therapy Yes26 Decreased wound size

Table 3: Advanced Therapies for Pressure Ulcers 

Advanced Therapy RCT Meta-analysis Results 

Negative-pressure wound therapy
(NPWT)

Yes27,28 Decreased wound size

Light therapy Yes30 Decreased wound size
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Wound care forums sponsored by

Mölnlycke in 2008 occur red

during a year of g reat payment

change for US hospitals. As of Oct. 1, 2008,

the Center s for Medicar e and Medicaid

Services no longer r eimburses for specific

hospital-acquired conditions, such as pressure

ulcers and surg ical site infections. 1 The

wound care community also saw dwindling

reimbursement for treatment modalities such

as enzymatic debr iders for Medicare Part D

in J anuary 2008. In September 2008,  the

Food and Drug Administration issued a no-

tice of withdrawal of all topical papain-urea.2

U.S. Challenges
We asked member s of the US w ound

care community what the y thought w as

the biggest obstacle (aside from workload)

to improving outcomes for patients with

chronic w ounds. The themes identified

were categorized in three groups: patient-

centered concerns, professional issues, and

payor regulations/costs.

Patient-Centered Concerns
The most fr equently cited problem was

patient adherence to and par ticipation in

care. Second was the severity and comorbidi-

ties of patients’ illnesses; some patients lack

“good body habits,” ha ve chronic disease,

and lack healthy lifestyles. Factors include pe-

ripheral vascular disease, diabetes in which

glucose levels are not regulated, continued

smoking, and not offloading the foot or pres-

sure area. Some clinicians expressed problems

with patients’ inabilities to manage their care

plans. They note that man y patients ha ve

“lost their appetites, and food tastes more like

bad-tasting medicine” and that “patients

cannot br eak through the mental bar rier

about eating,” which “may easily end in the

death of the patient.”

Due to its psychosocial effects on wound

healing, pain was another prevalent concern.

Other concerns included short stay lengths,

early discharge befor e adequate teaching

could occur, problems accessing follow-up

with wound specialists, and not qualifying for

home care or home dr essing change assis-

tance. Patients’ lack of insurance and inability

to pay for or finance their required care was

another often-voiced concern.

Professional
The most frequently expressed concerns in

this ar ea were pr ofessionals’ low le vels of

wound knowledge and corresponding need

for more education; need for consistency of

care by all caregivers; improvement in conti-

nuity of care across care settings; lack of co-

operation among the multiprofessional team;

and not having all the best products to treat

patients. Wound care professionals’ collective

frustration is exemplified by statements such

as, “It takes forever to get management to add

new products to the for mulary,” and “We

need products to combat the chronic (non-

responsive) cells in wounds.”

Communication and cooperation ar e

needed for better team care, as evidenced by

these sample statements: “Sometimes I am

called only after conditions have deteriorated

in the wound bed,” or “Why are physicians

not or dering the latest techniques or not

changing the w ound car e when cur rent

treatment has stalled the healing process?”

Others remarked about problems with the

time required for nursing care, lack of access

to desired therapies, and discharge of patients

before verifying product effectiveness or be-

fore “finding treatments that are easy to use

and effective with minimal dressing changes

and disturbance of the wound bed.”

Payor Regulations/Costs 
The major issue w as obtaining insurance

coverage for products in the required quan-

tities. Other problems: Insurance companies

and payers don’t allow some therapies outside

the hospital, and patients can’t always procure

dressings. For example, says one par ticipant,

“cost of products to heal wounds for patients

is unaffordable post-discharge.” 

Respondents were clear in their wish to

have universal healthcare coverage and ade-

quate coverage for wound care products in

the US. They also wanted pain-free dressing

application and removal, as well as a greater

“availability of products and services recom-

mended for the patient.” The wish-list also

included “better computerized documenta-

tion and outcome measur ements, wound

care teams in more settings” and  “more em-

phasis on preventing wounds.”

Summary
The concerns and needs of r espondents

mirror the World Union of Wound Healing

Societies’ (WUWHS) Guidelines for Wound

Healing Policy, which can be found on the

WUWHS Web site.3 Comments from the

global wound community are welcome. De-

spite the challenges, US wound care clini-

cians are doing an incr edible job and ha ve

earned high marks on this report card for the

overall care they are rendering to patients. n
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