
Addressing the challenge of wound 
cleansing in the modern era

Abstract
Over the past two decades a body of evidence has been generated 
to support the traditional use of water in cleansing wounds, with 
studies showing that the use of clean water does not increase the 
risk of infection or delay healing. However, recent advances in the 
understanding of wound management have encouraged reforms 
and led to the development of wound cleansing agents that have 
the potential to improve clinical outcomes. This article draws on in 
vitro and in vivo evidence including comparative studies of patients 
with acute and chronic wounds to consider the evidence supporting 
alternatives to water in wound cleansing. 

Key words:  n  Antimicrobial  n  PHMB  n  Biofilm  n  Wound cleansing 

Keith F Cutting

Keith F Cutting is a Principal lecturer at Buckinghamshire New 
University, Uxbridge, UK

Accepted for publication: May 2010

Over the last 20 years, a body of evidence has been 
produced that supports the use of water as the wound 
cleanser of choice in the management of acute and 
chronic wounds. This research has generally focused 

on relative wound healing rates, and the comparative incidence 
of infection following wound cleansing with water or alternative 
cleansers. The comparative data produced in respect of post 
cleansing infection rates was produced following the diagnosis of 
infection using accepted Celcian clinical signs of infection, and/
or in light of supportive laboratory culture of wound sampling. 
This work has been welcomed, and has broadly indicated that 
provided the water used in the cleansing process is at least of 
potable quality, wound healing will not be delayed. However, 
increasing insight over recent years as to how bacteria ‘behave’ 
when residing in and on soft tissue has indicated that although 
cleansing a wound with water may not be harmful, it may not 
play an active role in the promotion of healing, especially when 
managing chronic wounds where infection may be present 
without an associated host response. Is it now time to reconsider 
our approach to wound cleansing, and to contemplate an 
alternative to water as the cleansing agent of choice?

Why and when wounds require cleansing
It has been suggested that a wound may require cleansing 
when there is problematic excess exudate, the exudate 

is obviously infected, foreign body contamination, gross 
contamination by dirt or bacteria, and when slough or necrotic 
tissue is present (Cutting, 1990). The value of water as a wound 
cleansing agent during the late 1980s and early 1990s should 
be viewed against the backdrop, at that time, of increasing in 
vitro evidence that the use of topical antiseptics was harmful to 
healing tissue (Brennan, Foster et al, 1986; Brennan and Leaper, 
1985; Deas, Billings et al, 1986), and therefore caution in use 
was advised. Less clear, however, was the answer to the question 
of when in the history of a wound cleansing should take place, 
and the relevance of variations in practice in cleansing acute 
and chronic wounds. The advances made in our knowledge 
and understanding of wound care management in the last 20 
years have encouraged reforms, and led to the introduction 
of wound cleansing agents that have the potential to improve 
clinical outcomes. 

Background to wound infection
The human body contains an estimated 1014 cells, of which 
only 10% are mammalian (Teitelbaum and Walker 2002). The 
remainder are resident microbial flora, engendering an associated 
potential for disease that is always present despite the fact these 
microbiota have a role to play in maintaining individual health. 

The potential for a wound to become infected is high as a 
wound surface is always heavily contaminated with a variety 
of bacterial species which may be aerobic and anaerobic 
(Bowler, Duerden et al, 2001). This, together with availability 
of fluid and nutrients found in wound exudate and the 
moist environment, contribute to an ideal setting for bacterial 
proliferation. Maintaining the wound bioburden at a level where 
the host remains in control is therefore an important aspect of 
management if avoiding the onset of wound infection with 
associated increase in patient morbidity is to be achieved. 

In an immune-competent individual who is wounded, a 
cascade of cellular and biochemical activity is activated with the 
initial objective of cleansing the wound. This process includes 
the removal of micro-organisms and tissue debris from the 
wound bed and is associated with the generation of the Celcian 
signs of inflammation; redness, swelling, heat and pain. Temporal 
extension of the acute inflammatory response will be observed 
if infection intervenes. A range of factors increase the risk of 
supervening infection, including age, systemic disease, poor 
nutrition, down-regulation of the immune response and poor 
tissue perfusion of oxygen. In addition to the signs identified 
by Celsus, subtle indicators of infection have been categorized 
(Cutting and Harding, 1994; Cutting, White et al, 2005). The 
related accuracy of these subtle signs of infection has been tested 
(Cutting, 1998; Gardner, Frantz et al, 2001).
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Sub clinical infection (biofilms)
Accurate clinical assessment of a wound is a necessary and 
regularly repeated responsibility. Although acute wounds are 
easy to identify by virtue of their aetiology, chronic wounds 
may only be verified retrospectively. A corollary of this is the 
difficulty in determining the specific cause of the delay in 
healing. This has contributed to the generation of a classification 
system whereby wound features or characteristics are appraised. 
Such characteristics may include (among others) type and 
level of exudate, condition of the wound edge, wound bed 
tissue type, and ‘infection’. Although the features of wound 
infection have been characterized (Cutting and Harding, 1994; 
Cutting, White et al, 2005), recent publications investigating 
wound biochemistry and cellularity (Armstrong and Jude 2002; 
Diegelmann 2003; Schultz, Mozingo et al, 2005; Smith, 2006; 
Yager, Kulina et al, 2007) indicate that chronic wounds are ‘fixed’ 
in a state of chronic inflammation, suggesting that a link exists 
between chronic wounds of different aetiologies. How can this 
chronic inflammatory state (which delays healing) exist without 
eliciting an obvious response from the host? A number of 
mechanisms have been proposed and three are referred to here. 
Allen et al (2005), have construed that pyocyanin (a virulence 
factor) expressed by P. aeruginosa is capable of suppressing the 
acute inflammatory response and is therefore able to immuno-
evade. Stephens et al (2003) have identified the importance 
of anaerobic organisms in chronic wounds and the related 
suppression of cellular wound healing responses. Wound biofilm 
provides a robust explanation for delayed healing. It has been 
reported that biofilms prevail in chronic wounds but are rare in 
acute wounds (James, Swogger et al, 2008). The view that biofilm 
is a significant barrier to healing (Bjarnsholt, Kirketerp-Moller et 
al, 2008) would be supported by replication studies, particularly 
in vivo, exploring the differences in healing between acute and 
chronic wounds. 

Biofilms’ role in delayed healing
Biofilms are complex microbial communities that are embedded 
in an extracellular matrix of proteins, nucleic acids and 
polysaccharides (slime) and are attached to a surface (Cooper 
and Okhiria 2006). Within the extracellular polymeric substance 
(EPS) a biological diversity may be found. The raison d’être of 
the biofilm is survival, and the EPS provides protection to the 
community from chemical and neutrophil attack. In addition 
to the maintenance of a chronic inflammatory state the sessile 
(attached) bacteria release proteases. The potential exists for 
these bacterial (exogenous) proteases to work in tandem with 
human (endogenous) proteases and degrade growth factors and 
tissue proteins that are integral to the healing process. It has also 
been proposed that effete neutrophils release proteases which 
inhibit the ‘search and destroy’ function of macrophages. The 
resulting tissue destruction and additional production of pro-
inflammatory cytokines sustains the chronic inflammatory state 
(Wolcott, Rhoads et al, 2008). 

Biofilm management
The concept of Biofilm Based Wound Care (BBWC) has been 
suggested as an effective method of managing biofilm infections 
(Wolcott, Rhoads et al, 2008). Integral to this concept is the 

utility of debridement (Eldor, Raz et al, 2004; Williams, Enoch 
et al, 2005; Wolcott and Rhoads, 2008) in order to realise 
physical removal and suppression of biofilm. As a diagnostic 
tool for biofilm is currently not available, much debate exists 
around ‘when to treat’. The significance of delayed healing as a 
result of biofilm presence is becoming recognised (Percival and 
Dowd, 2010; Schierle, De la Garza et al, 2009), and as such the 
relationship of delayed healing and the need for debridement is 
being acknowledged (Wolcott and Rhoads, 2008). Discussion 
continues over whether it is possible to ‘see’ a wound biofilm. As 
biofilm communities are microscopic it needs to be emphasised 
that it is not possible to visualise wound biofilm with the 
naked eye. However, it has been proposed that visual cues 
may be present that suggest biofilm presence. Cutting et al 
(2010) propose that the presence of slough in a chronic wound 
provides a visual indication of biofilm existence in a wound 
and that slough itself is a living bioburden conglomeration that 
necessitates debridement of the wound.

An additional component of BBWC is concurrent use 
of antimicrobials (Wolcott and Rhoads, 2008). Concern has 
been raised about a possible association between bacterial 
resistance and the widespread and sometimes indiscriminate 
use of antimicrobials (Russell, Tattawasart et al, 1998), (Tambe, 
Sampath et al, 2001). It has also been stated that through 
the implementation of appropriate policies, inappropriate 
antimicrobial use can be reduced (Jarvis, 1996). The focus of 
this paper was on improving clinician use of antimicrobials 
through the development and implementation of antimicrobial 
use committees. Extensive and acceptable use, in microbiological 
and clinical terms, of antimicrobials is vital. Antiseptics have been 
reported as having a positive contribution to make in the control 
of wound bioburden in wounds that are clearly infected or those 
that are at risk of infection (White, Cutting et al, 2006).

When deciding whether or not to use an antiseptic, it is 
important that wound chronicity as a result of biofilm presence 
is considered (Nelson, 2003).

Polyhexamethylene biguanide (PHMB)
Polyhexamethylene biguanide (PHMB) is also known as 
polyhexanide and polyaminopropyl biguanide. It is a commonly 
used antiseptic that is now incorporated into a number of 
dressings. PHMB compounds (polymeric biguanides) have a 
broad spectrum of biocidal activity and have a wide range of uses. 
They have been used as contact lens cleansers, in mouth washes 
and as an antiseptic including use in wounds (Fabry, Trampenau 
et al, 2007; Motta, Milne et al, 2004; Nascimento, Tanomaru et al, 
2008; Salas Campos, Gómez Ferrero et al, 2006; Santodomingo-
Rubido, 2007). PHMB is regarded as being safe to use following 
its inclusion as a preservative in cosmetics, where it has a low 
frequency of sensitization (Schnuch, Geier et al, 2007). PHMB 
binds to the cell envelope and causes disruption of the bacterial 
cell membrane, and the resulting increased permeability of the 
cell membrane allows leakage of ions (Broxton, Woodcock et al, 
1983; Broxton, Woodcock et al, 1984a). Additional work from 
Ikeda et al (1983) showed that PHMB caused aggregation of the 
bacterial cell lipid membrane leading to increased fluidity and 
permeability. The subsequent liberation of lipopolysaccharides 
from the cell membrane and loss of potassium ions concludes 
in the demise of the microorganism (Yasuda, Ohmizo et al, 
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2003). PHMB is also known to be toxic to bacterial DNA 
(Allen, White et al, 2006). Peak activity occurs between pH5-6 
(Broxton, Woodcock et al, 1984b). The author is unable to find 
any reports of bacteria acquiring resistance to PHMB.

Prontosan
Prontosan (B Braun) Wound Irrigation Solution and Prontosan 

Wound Gel are proprietary colourless, cleansing, decontamination 
and moisturising agents containing PHMB that are indicated 
for use in acute and chronic wounds. They may be used in 
conjunction with a range of dressing materials including occlusive 
dressings (Andriessen and Eberlein 2008). What differentiates 
Prontosan from other polymeric biguanides is the inclusion of 
betaine in the formulation. Betaine is an alkaloid surfactant that 
is found in sugar beet, other plants and in animals. P. aeruginosa 
is known to produce rhamnolipid (a virulence factor) that 
causes lysis of macrophages and polymorphonuclear leukocytes 
(PMNs) (Van Gennip, Christensen et al, 2009). Betaine has 
high water solubility and induces an osmotic stress effect on 
rhamnolipid. It also interferes with production of homoserine 
lactone (virulence factor) and the cell-cell signalling activity 
(quorum sensing) known to play a role in biofilm pathogenicity 
(Goldberg, Hancock et al, 2008; Pinzon-Gamez, 2009). The 
surface of many wounds is coated with denatured proteins 
(fibrin and collagen) lipoproteins and lipids from cell membranes 
and carbohydrates (hyaluronan). As these compounds denature 
they lose their solubility and coat the wound surface. Surfactants 
increase the solubility and thus enhance cleansing. The resulting 
low surface tension induced by the surfactant supports physical 
removal of debris and bacteria (Andriessen and Eberlein, 2008).  

Evidence of Prontosan efficacy
In an in vitro study comparing efficacy of four sterile wound 
cleansing solutions (saline, Ringer’s solution, Prontosan and 
Octenisept) on a wound coating model, Prontosan was the only 
solution that fragmented the test coatings and solubilised the 
denatured proteins (Kaehn 2009). The author concluded that this 
is an indispensable asset in order to achieve thorough yet gentle 
wound cleansing. 

In an in vivo animal study Prontosan’s activity on biofilms of 
meticillin resistant Staphylococcus aureus using a porcine partial 
thickness wound model was evaluated (Davis, Rivas et al, 2007). 
Mean counts of wound MRSA were recorded at 48 and 72 
hours in four treatment groups; untreated control, sterile saline, 
Ringer’s solution and Prontosan. A comparative reduction in 
MRSA at 48 and 72 hours was found in the Prontosan treated 
group. The reduction in the Prontosan group at 48 and 72 
hours was found to be statistically significant compared to the 
other groups (p<0.05). The study report records that the largest 
reduction of MRSA, following cleansing with Prontosan, was 
found from 48 to 72 hours signifying that extended irrigation 
may provide additional reduction in wound bioburden. 

In a retrospective review of venous leg ulcer healing in 112 
patients the clinical efficacy of wound cleansers was examined 
(Andriessen and Eberlein, 2008). At dressing change the study 
group received the wound rinsing solution Prontosan (n=59) 
and these were compared with the control group who received 
either Ringer’s solution or saline (n=53). Inclusion/exclusion 
criteria were applied to both study and control groups and the 

healing pattern of the ulcers was evaluated. The results show that 
more patients in the study group healed in the 6 month period 
when compared with the controls - 97% v. 89%. A shorter time 
to healing was also recorded in the study group when compared 
with the control group - 60% v. 28% within the first 3 months 
of treatment. Mean time to healing was 3.31 months (study 
group) compared to 4.42 months (control group) p<0.0001. 
These findings sustain the results found in the Kaehn (2009) in 
vitro study. 

Out-patients (571 women, 382 men) were recruited to a 
retrospective study examining efficacy of PHBM rinsing solution 
and PHMB-containing wound gel (Moller, Nolte et al, 2008). 
Wound types included diabetic foot – 62%, venous leg ulcers 
– 10%, pressure ulcers – 8%, post operative wound dehiscence – 
16%, and radiotherapy wounds – 4%. At every dressing change 
the wound was cleansed with the PHMB irrigation solution and, 
depending on clinician decision, the PHMB gel or solution was 
used. The wounds were dressed with a foam dressing if lightly 
discharging or a fibrous dressing if more heavily exudating. On 
entry into the study 41% of patients (391) had a wound infection 
as determined by classical signs of inflammation (local infection) 
or systemic signs – raised CRP, ESR, leucocytosis, or fever. 
One hundred and five patients (11%) had heavily contaminated 
wounds. These patients received systemic antibiotics in addition 
to PHMB solution/gel. Following treatment the wound infection 
rate fell from 41% to 3% and antibiotic therapy was not required. 
Wound closure was achieved in 80% of wounds and 3% showed 
no improvement. Patient evaluation shows that PHMB solution/
gel was painless in 99% of cases, and almost 66% reported an 
improvement in wound odour. The treatment was well tolerated 
with an improvement in patient quality of life.

Wound cleansing and infection with biofilm 
phenotype
A recent Cochrane Collaboration Review (Fernandez, Griffiths 
et al, 2010) reviewed randomised and quasi randomised controlled 
trials that compared water (cooled boiled water, distilled water 
and tap water) with the use of sterile saline and with another 
solution used for wound cleansing (*procaine spirit) in patients 
with acute and chronic wounds.

Their conclusions are not surprising, stating that there is no 
evidence that tap water increases infection when used to cleanse 
acute adult wounds and some evidence that it reduces it. The 
authors also added that there is not strong evidence that cleansing 
wounds per se increases healing or reduces infection. However, 
as with all systematic reviews the report needs to be read bearing 
in mind the associated confines that are imposed on this type of 
work. Cleansing was defined as ‘the use of fluids to remove loosely 
adherent debris and necrotic tissue from the wound surface’. Yet, 
Rodeheaver and Ratliff (2007) offer a more detailed definition 
of wound cleansing as ‘remove surface contaminants, bacteria and 
remnants of previous dressings from the wound surface and its 
surrounding skin’. As the Cochrane review included studies that 
compared wound healing outcomes/infection rates in wounds 
cleansed with the aforementioned agents it would seem that the 
latter definition would have been more appropriate. 

*Procaine spirit is procaine HCL 2% with alcohol 70%. Anecdotal evidence 
suggests that it is commonly prescribed as a wound cleansing agent following 
surgery in Australia and Singapore.
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In addition, the Cochrane review was unable to provide any 
insight into the impact of the cleansing modalities on wound 
biofilm. Recent attention has focussed on biofilms, (Cooper 
and Okhiria, 2006) – bacterial communities that reside on 
and possibly in the wound bed, and that exhibit resistance to 
traditional antimicrobial therapy (Percival, Cooper et al, 2010). 
Biofilms are becoming recognised as a major inhibitor to wound 
healing (Cutting et al, 2010), and as such their management in the 
wound environment needs to be addressed. 

In respect of anti-biofilm efficacy of PHMB, some research 
is available. Clinical isolates of E. coli and S. epidermidis were 
exposed to five biocides at various concentrations and the 
biocidal activity was recorded. PHMB and peracetic acid were 
found to be the most active towards planktonic (free floating) 
cells and demonstrated a corresponding activity towards biofilm 
phenotype bacteria (Gilbert, Pemberton et al, 1990); Gilbert, Das 
et al, 2001).   

In a clinical evaluation of 10 community patients with 
longstanding wounds (1–5 years; mean 2.6 years) Prontosan 
was used as the wound cleanser replacing normal saline that 
had been used for at least one month previously (Horrocks, 
2006). Objectives of the evaluation included achieving a visible 
wound bed within 3 weeks of treatment, reducing wound size, 
ascertaining patient comfort with Prontosan, ease of application, 
and the recording of any adverse reactions. Achieving a visible 
wound bed was correlated with removal of wound biofilm in 
this cohort evaluation, and although this association cannot 
be conclusively confirmed this outcome does complement 
a number of the findings. These findings included an overall 
reduction in wound size (confirmed by photography and wound 
tracings); previous malodorous wounds were no longer odorous; 
and all patients reported considerable reduction or elimination 
of wound pain. Patients also reported considerable improvement 
in quality of life, and a reduction in community nurse visits. 
Horrocks (2006) concludes that Prontosan appears to offer a 
safe and cost-effective method of wound cleansing, being more 
efficient than normal saline.

Conclusions
Choice of cleansing solution should reflect the individual 
requirements of the wound and the patient and be underpinned 
by a sound knowledge/experience base. Numerous investigations 
have explored the merits of water or saline in wound cleansing, 
with the most profound conclusion being that wound cleansing 
with potable quality water appears to do no harm. The question 
that has yet to be answered is, which wound cleanser supports 
optimal healing so that patient morbidity is reduced, and 
expenditure in terms of both human and material resources is 
maintained at an economic level? If current thinking, that all 
chronic wounds are biofilm wounds (Wolcott and Rhoads, 2008), 
is sustained then we will need to rethink our approach to wound 
cleansing, as the studies examined above indicate that PHMB, in 
conjunction with a surfactant, is superior to isotonic solutions. In 
addition, there is evidence emerging that Prontosan is an effective 
wound cleanser in longstanding (chronic) wounds and has been 
found by patients to be pain-free, improve patient quality of life, 
effectively manage wound infection and to reduce the overall 
time to healing.				                     BJN

Allen MJ, White GF, Morby AP (2006) The response of Escherichia coli to 
exposure to the biocide polyhexamethylene biguanide. Microbiology 152: 
989–1000

Allen L, Dockrell DH, Pattery T, Lee DG, Cornelis P, Hellewell PG, Whyte 
MKB (2005) Pyocyanin Production by Pseudomonas aeruginosa Induces 
Neutrophil Apoptosis and Impairs Neutrophil-Mediated Host Defenses In 
Vivo. J Immunol 174:3643-9

Andriessen AE, Eberlein T (2008) Assessment of a wound cleansing solution 
in the treatment of problem wounds. WOUNDS 20: 171–5

Armstrong DG, Jude EB (2002) The role of matrix metalloproteinases in 
wound healing. Journal of the American Podiatric Medical Association 92: 12–18

Bjarnsholt T, Kirketerp-Moller K, Jensen P, Kit M, Krogfelt K, Phipps R, 
Holby N, Glyskov M (2008) Why chronic wounds won’t heal: a novel 
hypothesis. Wound Repair and Regeneration 16: 1–10

Bowler PG, Duerden BI, Armstrong DG (2001) Wound Microbiology and 
Associated Approaches to Wound Management. Clinical Microbiology 
Reviews 14: 244–69

Brennan SS, Foster ME, Leaper DJ (1986) Antiseptic toxicity in wounds 
healing by secondary intention. Journal of Hospital Infection 8: 263–7

Brennan SS, Leaper DJ (1985) The effects of antiseptics on the healing wound: 
a study using the rabbit ear chamber. British Journal of Surgery 72: 780–2

Broxton P, Woodcock PM, Gilbert P (1983) A study of the antibacterial 
activity of some polyhexamethylene biguanides towards Escherichia coli 
ATCC 8739. Journal of Applied Bacteriology 54: 345–53

Broxton P, Woodcock PM, Gilbert P (1984a) Binding of some 
polyhexamethylene biguanides to the cell envelope of Escherichia coli 
ATCC 8739. Microbios 41: 15–22

Broxton P, Woodcock PM, Heatley F, Gilbert P (1984b) Interaction of 
some polyhexamethylene biguanides and membrane phospholipids in 
Escherichia coli. Journal of Applied Bacteriology 57: 115–24

Cooper R, Okhiria O (2006) Biofilms, wound infection and the issue of 
control. Wounds UK 2: 48–57

Cutting KF (1990) Wound cleansing. Surgical Nurse 3: 4–8
Cutting KF (1998) The identification of infection in granulating wounds by 

registered nurses. Journal of Clinical Nursing 7: 539–46
Cutting KF, Harding KG (1994) Criteria for identifying wound infection. 

Journal of Wound Care 3: 198–201
Cutting KF, White RJ, Mahoney P, K. H (2005) Clinical identification of 

wound infection: a Delphi approach. In: ‘Identifying criteria for wound 
Infection. EWMA Position Document’. (MEP: London) 

Cutting KF, Wolcott R, Dowd SE, Percival SL (2010) Biofilms and 
significance to wound healing. In: KFC S. L. Percival ed.The microbiology of 
wounds. CRC Press, Taylor and Francis Group - in press, New York

Davis SC, Rivas Y, Gil J, Valdes J, Perez R, Kirsner R (2007) Unpublished 
study - Determination of the effects of of Prontosan irrigation solution 
on meticillin resistant Staphylococcus aureus biofilms in a partial thickness 
porcine wound model. Miller School of Medicine, Dept of Dermatology 
and Cutaneous Surgery Wound Healing Research Laboratory, University 
of Miami.

Deas J, Billings P, Brennan SS, Silver l, Leaper DJ (1986) The toxicity of 
commonly used antiseptics on fibroblasts in tissue culture. Phlebology 1: 
205–9

Diegelmann RF (2003) Excessive neutrophils characterize chronic pressure 
ulcers. Wound Repair and Regeneration 11: 490–5

Eldor R, Raz I, Ben Yehuda A, Boulton AJ (2004) New and experimental 
approaches to treatment of diabetic foot ulcers: a comprehensive review of 
emerging treatment strategies. Diabetic Medicine 21: 1161–73

Fabry W, Trampenau C, Bettag C, Handschin AE, Lettgen B, Huber FX, 
Hillmeier J, Kock HJ (2007) Bacterial decontamination of surgical wounds 
treated with Lavasept. Int J Hyg Environ Health 209: 567–73

Fernandez R, Griffiths R, Ussia C (2010) Water for wound cleansing 
(Review). The Cochrane Library

Gardner SE, Frantz RA, Doebbeling BN (2001) The validity of the clinical 
signs and symptoms used to identify localized chronic wound infection. 
Wound Repair and Regeneration 9: 178–86

Gilbert P, Das JR, Jones MV, Allison DG (2001) Assessment of resistance 
towards biocides following the attachment of micro-organisms to, and 
growth on, surfaces. Journal of Applied Microbiology 91: 248–54

Gilbert P, Pemberton D, Wilkinson DE (1990) Synergism within 
polyhexamethylene biguanide biocide formulations. Journal of Applied 
Bacteriology 69: 593–8

Goldberg JB, Hancock REW, Parales RE, Loper J, Cornelis P (2008) 
‘Pseudomonas 2007.’ (American Society for Microbiology: Westin Seattle 
in Seattle, Washington, 26 to 30 August 2007.) 

Horrocks A (2006) Prontosan wound irrigation and gel: management of 
chronic wounds. British Journal of Nursing 15: 1222–8

Ikeda T, Tazuke S, Watanabe M (1983) Interaction of biologically active 
molecules with phospholipid membranes. I. Fluorescence depolarization 
studies on the effect of polymeric biocide bearing biguanide groups in the 
main chain. Biochim Biophys Acta 735: 380–6

James GA, Swogger E, Wolcott R, deLancey Pulcini E, Secor P, Sestrich J, 
Costerton JW, Stewart PS (2008) Biofilms in chronic wounds. Wound 
Repair and Regeneration 16: 37–44

Jarvis WR (1996) Preventing the Emergence of Multidrug-Resistant 
Microorganisms through Antimicrobial Use Controls: The Complexity of 
the Problem. Infection Control and Hospital Epidemiology 17: 490–5

Kaehn K (2009) An in-vitro model for comparing the efficiency of wound-
rinsing solutions. Journal of Wound Care 18: 229–36

British Journal of Nursing, 2010 (Tissue Viability Supplement), Vol 19, No 11� S??



Moller A, Nolte A, Kaehn K (2008) ‘Experiences with the use of 
polyyhexanide-containing wound products in the management of chronic 
wounds - results of a methodical and retrospective analysis of 953 patients’ 
K2 Hygiene Services, Aschaffenburg, Germany, Municipal Hospitals 
Bielefeld, Wound Management

Motta GJ, Milne CT, Corbett LQ (2004) Impact of antimicrobial gauze 
on bacterial colonies in wounds that require packing. Ostomy Wound 
Management 50: 48–62

Nascimento AP, Tanomaru JM, Matoba-Júnior F, Watanabe E, Tanomaru-
Filho M, Ito IY (2008) Maximum inhibitory dilution of mouthwashes 
containing chlorhexidine and polyhexamethylene biguanide against 
salivary Staphylococcus aureus. Journal of Applied Oral Science 16: 336–9

Nelson R (2003) Antibiotic development pipeline runs dry. New drugs to 
fight resistant organisms are not being developed, experts say. Lancet 362: 
1726–7

Percival SL, Cooper RA, Lipsky B (2010) Antimicrobial Interventions for 
Wounds. In: Percival SL, Cutting KF eds. The Microbiology of Wounds. CRC 
Press, Taylor & Francis Group LLC, New York

Percival SL, Dowd SE (2010) The Microbiology of Wounds. In: Percival SL, 
Cutting KF eds. The Microbiology of Wounds. CRC Press, Taylor & Francis 
Group LLC, New York

Pinzon-Gamez NM (2009) Rhamnolipid biosurfactant production from 
glycerol: new methods of analysis and improved dentrifying fermentation. 
The Graduate Faculty of The University of Akron

Rodeheaver GT, Ratliff CR (2007) Wound Cleansing, Wound Irrigation, 
Wound Disinfection. In: Rodeheaver GT, Krasner DI, Sibbald RG eds. 
Chronic Wound Care: A Clinical Source Book for Healthcare Professionals. HMP 
Communications, Malvern, P.A.

Russell AD, Tattawasart U, Maillard J-Y, Furr JR (1998) Possible Link between 
Bacterial Resistance and Use of Antibiotics and Biocides. Antimicrobial 
Agents and Chemotherapy 42: 2151

Salas Campos L, Gómez Ferrero O, Estudillo Pérez V, Fernández Mansilla 
M (2006) Preventing nosocomial infections. Dressings soaked in 
polyhexamethylene biguanide (PHMB). Rev Enferm 29: 43–8

Santodomingo-Rubido J (2007) The comparative clinical performance of 
a new polyhexamethylene biguanide- versus a polyquad-based contact 
lens care regime with two silicone hydrogel contact lenses. Ophthalmic and 
Physiological Optics 27: 168–73

Schierle CF, De la Garza M, Mustoe TA, Galiano RD (2009) Staphylococcal 

biofilms impair wound healing by delaying reepithelialization in a murine 
cutaneous wound model. Wound Repair and Regeration 17: 354–9

Schnuch A, Geier J, Uter W, Basketter DA, Jowsey IR (2007) The biocide 
polyhexamethylene biguanide remains an uncommon contact allergen. 
Contact Dermatitis 56: 235–9

Schultz G, Mozingo D, Romanelli M, Claxton K (2005) Wound healing 
and TIME; new concepts and scientific applications. Wound Repair and 
Regeneration 13: S1–S11

Smith PC (2006) The causes of skin damage and leg ulceration in chronic 
venous disease. International Journal of Lower Extremity Wounds 5: 160–8

Stephens P, I.B. W, Wilson MJ, K.E. H, Davies CE, C.M. H, K.G. H, Thomas 
DW (2003) Anaerobic cocci populating the deep tissues of chronic 
wounds impair cellular wound healing responses in vitro. British Journal of 
Dermatology 148: 456–66

Tambe SM, Sampath L, Modak SM (2001) In vitro evaluation of the risk of 
developing bacterial resistance to antiseptics and antibiotics used in medical 
dvices. Journal of Antimicrobial Chemotherapy 47: 589–98

Teitelbaum JE, Walker WA (2002) Nutritional impact of pre- and probiotics as 
protective gastro-intestinal organisms. Annual Review Nutrition 22: 107–38

Van Gennip M, Christensen LD et al (2009) Inactivation of the rhlA gene 
in Pseudomonas aeruginosa prevents rhamnolipid production, disabling 
the protection against polymorphonuclear leukocytes. Apmis 117: 537–46

White RJ, Cutting K, Kingsley A (2006) Topical antimicrobials in the control 
of wound bioburden. Ostomy Wound Management 52: 26–58

Williams D, Enoch S, Miller D, Harris K, Price P, Harding KG (2005) Effect 
of sharp debridement using curette on recalcitrant nonhealing venous leg 
ulcers: a concurrently controlled, prospective cohort study. Wound Repair 
and Regeneration 13: 131–7

Wolcott RD, Rhoads DD (2008) A study of biofilm-based wound management 
in subjects with critical limb ischaemia. Journal of Wound Care 17: 145–55

Wolcott RD, Rhoads DD, Dowd SE (2008) Biofilms and chronic wound 
inflammation. Journal of Wound Care 17: 333–41

Yager DR, Kulina RA, Gilman LA (2007) Wound fluids: A window into 
the wound environment? International Journal of Lower Extremity Wounds 
6: 262–72

Yasuda K, Ohmizo C, Katsu T (2003) Potassium and tetraphenylphosphonium 
ion-selective electrodes for monitoring changes in the permeability 
of bacterial outer and cytoplasmic membranes. Journal of Microbiological 
Methods 54: 111–5

S??� British Journal of Nursing, 2010 (Tissue Viability Supplement), Vol 19, No 11


