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Biofilms are a community of micro-organisms that are encased in a protective extracellular polymeric sub-
stance1,2, that act to protect the microbes from host immunity whilst also rendering them more tolerant to 
the action of antimicrobials3.  Although biofilms are microscopic and cannot be seen with the naked eye4, 
they are ubiquitous in chronic wounds5 and lead to chronic inflammation and therefore delayed wound  
healing6. Biofilms are often identified as a shiny, translucent, slimy layer in the wound bed that returns quickly 
after sharp debridement7.    

Some of the greatest debates in the treatment of these chronic wounds relates to the role of biofilm. 
For example, what is the bacterial composition of biofilm? Is bacterial composition of biofilm consistent  
between patients and over time? Is biofilm itself detrimental to wound healing? Or more controversially, 
could some biofilm even aid wound healing?

 
Biofilm Composition 
Although there is much debate around the role of microbes and biofilm in chronic wounds, one fact that is 
widely accepted is that microbial diversity of wounds is more complex than once thought8,9, with the majority 
of chronic wounds, if not all, being poly-microbial in nature10.  Indeed, an analysis of samples taken from Ve-
nous Leg Ulcers revealed that Staphylococcus aureus was found in 88% of wounds along with Enterococ-
cus faecalis in 74%, Enterobacter cloacae in 29%, Peptococcus magnus in 29%, and fungi in 11%11. Data 
also points to the bacterial content of the biofilm in chronic wounds continually changing12 which results 
from the dynamics in the wound evolving over time, allowing for the proliferation of other Gram‐positive and 
Gram‐negative bacteria, in addition to anaerobic bacteria and yeast4.  As such, the longer a wound remains 
unhealed, the more likely it will be to acquire multiple aerobic (average of 4.3 species) and anaerobic bacteria 
(average of 2.0 species)13. Further, evidence has shown that in the chronic wound, anaerobic bacteria do 
represent a large proportion of the wound microbiota14,15.  Although the role of aerobic bacteria in biofilm 
is well documented, the role of anaerobic bacteria remains poorly understood.  This is despite there being 
evidence that they play a role in delaying healing and prolonging infection4, and as such is an area of chronic 
wound care warranting further investigation.

Biofilm & Wound Healing 
But what role do the bacteria in biofilm play in the stalled wound healing process? Animal models have 
shown that the presence of the gram-positive bacteria, Staphylococcus aureus and the gram-negative bac-
teria, Pseudomonas aeruginosa in biofilms significantly delay wound healing16 and that this is due to a delay 
in epithelialization and the formation of granulation tissue17,18.  It has also been suggested that the degree to 
which biofilm delays wound healing can be quantitated, with an amount in excess of 105 bacteria per gram 
of tissue being sufficient to impede wound healing19, while animal studies have shown that biofilm physically 
impairs the immune responses associated with healing20,21.  However, there is evidence that colonisation of 
the wound with skin microflora can actually aid wound healing22,23, and it is hypothesised that this healing is 
due to local inflammation increasing wound bed perfusion24.  These seemingly contradictory data leads to 
the interesting possibility that infection of wounds with certain types of microbes result in chronic wounds 
while others can expedite wound healing.   



Biofilm Treatment Options 
The most common antimicrobial treatment options for biofilm include the use of topical antiseptics and 
antibiotics.  The topical antiseptics include alcohol, iodine, chlorhexidine, chloroxylenol, silver compounds, 
triclosan, and hydrogen peroxide25. The use of antiseptics has been controversial due to their potentially 
cytotoxic nature, or that some contain detergents that are too harsh for use on a wound. As such the US 
Department of Health and Human Services strongly discourages the use of antiseptics, recommending 
the use of normal saline only23.  Meanwhile, research has shown that bacteria in biofilm are 500 times less 
susceptible to antibiotics than in their planktonic forms26.  It is therefore not surprising that a Cochrane re-
view investigating the efficacy of antibiotics for chronic venous ulcer concluded that the current evidence 
does not support the use of systemic antibiotics to treat venous leg ulceration27.  There is however data to 
suggest that the use of antimicrobials is most efficacious when debridement was first used to reduce the 
bioburden before the application of the antimicrobial therapy28, with regular debridement having been shown 
to open a short therapeutic window where bacteria are more susceptible to antimicrobial agents29.
 

Biofilm & the Efficacy of Debridement
Debridement is the simplest and most effective method to remove barriers to healing such as biofilm30.  But 
even so, biofilm returns rapidly, with some suggesting this may be within hours31, and others 2-4 days32 ma-
king regular debridement the key to wound healing29,33.  The best practice management of a contaminated 
wound is to remove contaminants while inflicting minimal injury to tissues34.  However, to date, sharp debri-
dement remains the most effective procedure for the removal of biofilm, even though this creates tissue inju-
ry and discomfort for the patient33. Since mechanical force and shear is required to break up and disrupt the 
biofilm, debridement that does not achieve bleeding, such as autolytic debridement, is not effective35. This 
apparent contradiction between requiring sufficient mechanical force to disrupt the biofilm but not applying 
too much force as to cause tissue injury, creates a challenge for clinicians performing debridements using 
sharp debridement methods.  It has been suggested that there is clearly a need for new medical devices 
that are able to interfere with the complex biofilm communities that exist in non-healing wounds30.  But is 
this possible in the context of debridement?  A recent study observed a case where a chronic infection of a 
large wound was eliminated by the use of a new Micro Water Jet Technology32.  This technology (debritom+) 
allows for the application of impact pressure on the wound to be modulated through the choice and type 
of hand piece, and also by the distance and angle the hand piece is held from the wound36.  By offering the 
clinician fine control over the impact pressure on the wound, the debritom+ empowers the debriding physi-
cian to achieve the required mechanical force to eliminate biofilm while avoiding the tissue injury commonly 
associated with sharp debridement – all without physical contact with the wound bed.  Although this Micro 
Water Jet Technology remains relatively new to market, there is evidence that the use of this technology 
can improve the rate of wound healing by 30%32.   Although it is unclear as to whether the observed faster 
wound healing is due to a reduction in tissue damage or an improved efficacy of debridement, these findings 
offer a tantalising insight into the future of best practice debridement.

 



References 

1. Parsek MR, Singh PK. (2003). Bacterial biofilms: An emerging link to disease pathogenesis.  
    Annual Review of Microbiology. 57:677–701.

2. Branda SS, Vik A, Friedman L, Kolter R. (2005). Biofilms: The matrix revisited.  
    Trends in Microbiology. 13:20–26. 

3. Watters C, DeLeon K, Trivedi U, Griswold JA, Lyte M, Hampel KJ, Wargo MJ, Rumbaugh KP. (2013). 
    Pseudomonas aeruginosa biofilms perturb wound resolution and antibiotic tolerance in diabetic mice. 
    Medical Microbiology and Immunology. 202(2):131–141.

4. Percival SL. Importance of biofilm formation in surgical infection. (2017).  
    British Journal of Surgery. 104:e85–e94

5.  Malone M, Bjarnsholt T, McBain AJ, James GA, Stoodley P, Leaper D, Tachi M, Schultz G, Swanson T, 
     Wolcott RD. (2017).  The Prevalence of Biofilms in Chronic Wounds: A Systematic Review and Meta-An 
     lysis of Published Data. Journal of Wound Care. 26(1):20-25. 

6. Rhoads D, Wolcott R, Percival SL. (2008). Biofilms in wounds: Management strategies.  
   Journal of Wound Care. 17: 502-508. 

7. Lenselink E, Andriessen A. (2011). A cohort study on the efficacy of a polyhexanide-containing  
    biocellulose dressing in the treatment of biofilms in wounds. Journal of Wound Care 20: 534-539. 
 
8. Dowd SE, Sun Y, Secor PR, Rhoads DD, Wolcott BM, James GA, Wolcott RD. (2008). Survey of  
    bacterial diversity in chronic wounds using pyrosequencing, DGGE, and full ribosome shotgun  
    sequencing. BMC Microbiology. 8:43.
 
9. Hill KE, Davies CE, Wilson M, Stephens P, Harding KG, Thomas DW. (2003). Molecular analysis of  
    the microflora in chronic venous leg ulceration. Journal of Medical Microbiology. 52: 365–369.
 
10. Percival SL, Dowd SE. (2010). Microbiology of wounds. In Microbiology of Wounds. Percival SL,  
      Cutting K (eds). CRC Press: Boca Raton. 187–218.
 
11. Hansson C, Hoborn J, Moller A, Swanbeck G. (1995). The microbial flora in venous leg ulcers without 
      clinical signs of infection. Acta dermato-venereologica. 75:24-30.
 
12. Trengove N, Stacey M, McGechie D, Mata S. (1996). Qualitative bacteriology and leg ulcer healing.  
      Journal of Wound Care. 5:277-280.  
 
13. Bowler PG, Davies BJ. (1999). The microbiology of acute and chronic wounds. Wounds. 11:72-78.  
 



14. Stephens P, Wall IB, Wilson M, Hill KE, Davies CE, Hill CM, Harding KG, Thomas DW. (2003). Anaerobic  
      cocci populating the deep tissues of chronic wounds impair cellular wound healing responses in vitro.  
      British Journal of Dermatology. 148:456–466.
 
15. Charles PG, Uçkay I, Kressmann B, Emonet S, Lipsky BA. (2015). The role of anaerobes in diabetic foot 
      infections. Anaerobe. 34:8–13.
 
16. Pastar I, Nusbaum AG, Gil J, Patel SB, Chen J, Valdes J, Stojadinovic O, Plano LR, Tomic-Canic M,  
      Davis SC. (2013). Interactions of methicillin resistant Staphylococcus aureus USA300 and Pseudomonas 
      aeruginosa in polymicrobial wound infection. PLoS ONE. 8:e56846.

17. Gurjala AN, Geringer MR, Seth AK, Hong SJ, Smeltzer MS, Galiano RD, Leung KP, Mustoe TA. (2011).  
      Development of a novel, highly quantitative in vivo model for the study of biofilm-impaired cutaneous  
      wound healing. Wound Repair and Regeneration. 19:400-410. 
 
18. Seth AK, Geringer MR, Gurjala AN, Hong SJ, Galiano RD, Leung KP, Mustoe TA. (2012).  Treatment of  
      Pseudomonas aeruginosa biofilm-infected wounds with clinical wound care strategies: A quantitative  
      study using an in vivo rabbit ear model. Plastic and Reconstructive Surgery. 129:262e-74e. 
 
19. Kingsley A. (2003). The wound infection continuum and its application to clinical practice.  
      Ostomy Wound Management. 49:S1-7.  
 
20. Serralta VW, Harrison-Balestra C, Cazzaniga AL, Davis SC, Mertz PM. (2001). Lifestyles of bacteria in 
      wounds: presence of biofilms? Wounds. 13:29-34. 
 
21. Davis SC, Ricotti C, Cazzaniga A, Welsh E, Eaglstein WH, Mertz PM. (2008). Microscopic and physiologic 
      evidence for biofilm- associated wound colonization in vivo. Wound Repair and Regeneration. 16:23-29. 
 
22. Thomas GW, Rael LT, Bar-Or R, Shimonkevitz R, Mains CW, Slone DS, Craun ML, Bar-Or D. (2009).  
      Mechanisms of delayed wound healing by commonly used antiseptics. The Journal of Trauma. 66:82–91.
 
23. Drosou A, Falabella A, Kirsner RS. (2003). Antiseptics on wounds: an area of controversy.  
      Wounds. 15:149–166.
 
24. Laato M, Niinikoski J, Lundberg C, Gerdin B. (1988). Inflammatory reaction and blood flow in experimental 
      wounds inoculated with Staphylococcus aureus. European Surgical Research. 20:33-38.
 
25. Atiyeh BS, Dibo SA, Hayek SN. (2009). Wound cleansing, topical antiseptics and wound healing.  
      International Wound Journal. 6:420–430.
 
26. Costerton JW, Lewandowski Z, Caldwell DE, Korber DR, Lappin-Scott HM. (1995). Microbial biofilms.  
      Annual Review of Microbiology. 49:711–745. 

27. O‘Meara S, Al-Kurdi D, Ovington LG. (2008). Antibiotics and antiseptics for venous leg ulcers.  
      Cochrane Database Systems Review. CD003557. 
 



28. Davis SC, Martinez L, Kirsner R. (2006). The diabetic foot: The importance of biofilms and wound bed  
      preparation. Current Diabetes Reports. 6:439-445. 
 
29. Wolcott RD, Rumbaugh KP, James G, Schultz G, Phillips P, Yang Q, Watters C, Stewart PS, Dowd SE. 
      (2010). Biofilm maturity studies indicate sharp debridement opens a time-dependent therapeutic window. 
      Journal of Wound Care. 19:320-328. 
 
30. Metcalf DG, Bowler PG. (2013). Biofilm delays wound healing: A review of the evidence.  
      Burns & Trauma. 1:5-12. 
 
31. O’Toole G, Kaplan HB, Kolter R. (2000). Biofilm as a microbial development.  
      Annual Review of Microbiology. 54:49-79. 
 
32. Reber M, Nussbaumer P.  (2018).  Effective debridement with micro water jet technology (MWT):  
      A retrospective clinical application observation of 90 patients with acute and chronic wounds.  
      Wound Medicine. 20:35-42.
 
33. Wolcott RD, Kennedy JP, Dowd SE. (2009). Regular debridement is the main tool for maintaining a healthy 
      wound bed in most chronic wounds. Journal of Wound Care. 18:54-56. 
 
34. Bianchi J. The cleansing of superficial traumatic wounds. (2000). British Journal of Nursing. 9(19):S28–S38. 

35. Stewart PS. (2014). Biophysics of biofilm infection. Pathogens and Disease. 70:212-218.

36. Medaxis AG. (2020). debritom+: Pressure from Standard Jet. Link here.

https://medaxis.ch/dl/a2bce66d60bcfadd88fbb2f0bdb6819b/Impact-Pressure.pdf

