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ABSTRACT
Background Wound biofilm is one of the greatest challenges in the local therapy of chronic wounds. In clinical practice, it 
becomes apparent that there are significant differences in the efficacy of wound therapies, although the corresponding 
guidelines often classify them – due to lack of evidence and knowledge – as “equivalent”.

Hypothesis Since (almost) no randomised controlled clinical trials (RCT) on antimicrobial local therapies exist, translational 
research using human biofilm models can further generate information to demonstrate difference and equivalence of topical 
and physical wound therapies.

Methods This narrative, but also scientific, review addresses several anti-biofilm therapies that have been validated in the 
translational, human biofilm model based on blood plasma, buffy coat, and various bacterial specimens. Bacterial colonisation 
patterns of Pseudomonas aeruginosa and methicillin-resistant Staphylococcus aureus (MRSA) of patients and ex vivo biofilm 
models were compared.

Results Substantial differences in the anti-biofilm efficacy of antimicrobials, which were often evaluated equally in guidelines, 
are shown. Octenidine dihydrochloride-phenoxyethanol, polyhexanide (PHMB) and cardexomer iodine perform against 
biofilm with delay but well. Many antimicrobials fail because of the extrapolymeric substance (EPS) of biofilm, a bacterial 
product of polysaccharides and (lipo)proteins, acting like a protecting shield. Physical therapies also have their limitations 
here.

Conclusions The persistence of biofilm makes wound healing stagnate. Multiple surgical debridement is not the optimal 
therapy for aged, critically ill patients. Wound biofilm requires a combined topical therapy because it consists of several 
‘components’. Currently, effective anti-biofilm strategies sustainably removing it from chronic wounds are still lacking. 
Researchers and manufactures are challenged, because the understanding of wound biofilm is already considerable, 
promising combined therapies are conceivable, only implementation is still missing.
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KEY MESSAGES
•  Considering the potential presence of bacterial biofilm on 

a wound is the first step in its therapy.

•  After debridement, antimicrobials and antimicrobial 
dressings can better perform their efficacy against 
pathogens in biofilms and wounds.

•  To date, no local sustainable therapy exists to eliminate 
biofilm on chronic wounds except multiple sharp and/or 
surgical debridement.

INTRODUCTION
Wounds colonised with biofilms are one of the greatest 
challenges in chronic wound care1,2. An estimated 2% of the 
population in central Europe suffer from chronic wounds, with 
risk increasing with age3. Diagnostics and treatment of the 
underlying disease, usually peripheral arterial disease (PAD), 
venous insufficiency (CVI), and diabetes mellitus type I or II, or 
even immunological disease, are the first steps of a successful 
treatment4. Recurring (local) infections and persistent wound 
biofilm prolong the healing process. This usually takes months 
and also requires cross-sectoral treatment (hospital, outpatient 

clinic, general practitioner or specialist, nursing)5. In addition, 
a closed wound remains at risk of re-opening. Accordingly, 
the term ‘wound remission’ seems to be more appropriate 
than ‘wound healing’ for patients with chronic wound healing 
disorders.

According to a meta-analysis, about 78% of all chronic wounds 
are colonised with pathogenic microorganisms in the form of 
biofilms6. These are responsible for the persistence of a wound, 
provided the best therapy of the underlying disease has been 
implemented2. Wound biofilm is defined as follows:

Biofilm is a structured community of microbes with genetic 
diversity and variable gene expression (phenotype), which 
creates behaviors and defenses used to produce unique 
infections (chronic infection) with characteristics of significant 
tolerance to antibiotics and biocides whilst also being 
protected from host immunity – Consensus Delphi Process, IWII 
(05/2016).

Every wound, even an acute one, becomes contaminated 
within a few hours by microorganisms of the skin microbiome, 
which may also contain pathogenic species. The wound bed 
constitutes a good ‘nutrient medium’. At this stage, it is referred 
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to as ‘wound contamination’. Subsequently, bacteria replicate 
in the wound and bacterial colonies are formed; it is now 
referred to as ‘colonisation’. External wound cleansing can 
reduce bacterial burden. The body’s immune system also 
works against the spread of bacteria in the wound. If these 
processes do not occur or if the local immune cells do not 
function efficiently, more and more bacteria colonise the 
wound (Figure 1) and begin to organise themselves.

The so-called ‘immature biofilm’ can form as quickly as within 
only 24 hours. In the case of all wounds, it does not consist of 
only one microbial species (for example as implant biofilms in 
orthopaedic surgery), but contains many different bacterial or 
fungiform species, forming a multi-species biofilm. The leading 
species in wound biofilms, here illustrated by the example of 
leg ulcers, are Staphylococcus aureus, its methicillin-resistant 
strain (MRSA), Pseudomonas aeruginosa and Enterobacteria7.

These bacteria – less frequently fungi are also involved – begin 
to wrap themselves in the so-called extrapolymeric substance 
(EPS), almost ‘walling’ themselves in it. The EPS consists mainly 
of polysaccharides (e.g. alginate, cellulose, dextran) and a 
variety of proteins, lipids, glycoproteins, glycolipids8, i.e. 
sugars and proteins, which make the biofilm adhere firmly to 
the wound bed. After 2–4 days, it is called a ‘mature biofilm’ 
(Figure 1). It becomes up to 2mm thick, three-dimensional and 
sometimes visible with the naked eye (Figure 2A/B). Using a 
curette, it can be partly removed from the wound surface in 
a blood-dry manner (Figure 2B). At this stage, the biofilm is 
able to release planktonic bacteria within the wound exudate, 
which is produced extensively due to local immune response, 
and these bacteria can colonise in the wound environment or 
in other wounds9. Then, the cycle of biofilm formation starts 
again.

The following narrative review article on wound biofilm 
includes data from current translational research that use 
three-dimensional human biofilm models. These are based 
on blood plasma, buffy coats and various bacterial or fungal 
species10. Even though the analysed models cannot be 
transferred directly into clinical practice, they have a special 
significance due to the resemblance of interactions between 
the bacteria in the biofilm and the human immune defence. 
Taking into account that there are few randomised controlled 
trials (RCTs) comparing local wound biofilm therapy, as 
reviewed in the EWMA position document Antimicrobials 
and non-healing wounds: an update11, the presented results 
may close a gap between the claimed or predescribed anti-
biofilm performance, probably obtained during the approval 
processes of antimicrobial wound therapies, and the real 
clinical findings.

MATERIALS AND METHODS
Search method
The literature search for this review revolved around biofilm 
models in the context of anti-biofilm treatment published 
within the past 10 years from major journals in the field. 
Medline MBASE was searched using the combination of 
following keywords – wound biofilm models, antimicrobials, 
dressings, physical wound therapy, biofilm diagnostics. This 
information was supplemented with own research and clinical 
experience in chronic wound care.

Human biofilm models
The analyses described below were performed using solely the 
human biofilm models hpBIOM (human plasma biofilm model) 
and lhBIOM (leucocyte depleted human plasma biofilm 
model), which consisted of human blood products and human 

Figure 1. Schematic illustration of the infection continuum and biofilm formation in the time course. At the beginning exists a contamination with the presence of 
non-proliferating microbes at a level that does not evoke a host response. This is followed by a colonisation where microorganisms undergo limited proliferation 
without evoking a host reaction. Both stages require no antimicrobial cleansing. From these colonies, a biofilm is formed, which is referred to as structured or 
‘mature biofilm’ after 24 hours. In these stages it is recommended to use antimicrobial substances for wound cleaning and in wound dressings. As biofilm formation 
progresses, mostly the amount of wound exudate increases and seeding of the biofilm bacteria in other areas of the wound or the wound surrounding takes place. 
Spreading infection describes the invasion of the surrounding tissue by infective organisms that have spread from a wound.
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pathogenic bacterial species. During biofilm development, 
microorganisms attach to and invade the wound bed and 
margin, proliferate and reorganise the surrounding milieu 
to produce the EPS12,13. To mimic these conditions, human 
fresh frozen plasma (FFP) including the individual buffy coat 
(hpBIOM) or a buffy coat originating from the LRS® chamber 
of leukocyte apheresis (platelet donation), which contain 
the cellular immune competence of the donor (IhBIOM), 
were used. For preparation of the biofilm models, buffy coats 
were centrifuged at 1610g at room temperature (30 minutes) 
to remove residual erythrocytes. In the next step, FFP and 
buffy coat were mixed in a sterile glass bottle and a solution 
(1.5x106 CFU/ml) with different bacterial species (P. aeruginosa, 
S.  aureus, MRSA) was added. To induce coagulation, 18.26µL 
(500mM) CaCl2/ml suspension was added to the still liquid 
biofilm mix. This biofilm base was immediately transferred into 

12-well plates (1.5ml/model and well). The well plates were 
incubated for 12–18 hours on a rotation shaker at 60rpm and 
37.0˚C to polymerise and forming the bacterial EPS, finally 
yielding in stable biofilm discs with integrated test organisms. 
The results presented refer only to mono species biofilm 
models of P. aeruginosa, S. aureus and MRSA.

Local anti-biofilm therapies
The efficacy of a wide range of antimicrobial and physical anti-
biofilm therapies were analysed using the aforementioned 
human biofilm models. For testing antimicrobial wound 
irrigation solutions 0.1% octenidine-dihydrochloride/
phenoxyethanol [OCT/PE; Octenisept®, Schülke&Mayr, 
Germany[, 0.04% polyhexanide [PHMB; Lavasorb®, Fresenius 
Kabi, Switzerland] and three chlorine-based and -releasing 
antimicrobial wound irrigation solutions were used. The 
latter included ActiMaris® forte (0.2% sodiumhypochlorite 
(NaClO)/3% sal maris [Chemomedica Medizintechnik & 
Arzneimittel Vertriebsgesellschaft mbH, Germany]), Lavanox® 
(<0.08% NaClO [Serag&Wiessner GmbH, Germany]) and 
Kerrasol® (<0.08% NaClO [3M GmbH, USA]). In terms of anti-
biofilm efficacy, the antimicrobial dressings containing either 
octenidine di-hydochloride (Sorelex® [Contipro C, Czech 
Republic]), polyhexanide (Suprasorb®P+PHMB [Lohmann & 
Rauscher GmbH, Germany]), cadexomer-iodine (Iodosorb® 
dressing [Smith&Nephew GmbH, England]) or nanocrystalline 
silver (UrgoClean®Ag [URGO GmbH, France]) were evaluated 
and compared to an agent-free control dressing (UrgoClean® 
[URGO GmbH, France]). All antimicrobial dressings release the 
active ingredient contained (medical device class IIb or III).

As physical, potentially anti-biofilm therapies, laser and 
atmospheric cold plasma (CAP) were investigated. The 
following devices were used: a pulsed low level laser device 
with a wavelength of 904nm and a frequency of 3.200Hz [IDL 
MP 2510, Biomedical Systems, Germany] and a CAP source 
called kINPen® MED [neoplas med GmbH, Germany], a German 
class IIa approved medical device, which generates a plasma 
beam whose temperature is below 40˚C and with an argon gas 
flow of 4.5l/min.

Clinical insights and impact on swabbing and debridement
Chronic wounds of 20 patients were analysed. Colonisation 
patterns of S. aureus and P. aeruginosa were detected with the 
UV-near light of 405nm wavelength. The obtained qualitative 
and visual results were compared to immunohistochemical 
data on the human full-thickness skin biofilm wound models, 
containing S.  aureus and P.  aeruginosa. Subsequently, 
implications for swabbing techniques and debridement were 
reported.

RESULTS
Identification of biofilm on and in wound surfaces
The first and most important step is the clinical diagnosis 
is to think about the possibility of biofilm colonisation of 
the (chronic) wound as an interfering factor in the healing 
process. The mature biofilm can be identified and often 
verified by wound (edge) exploration using forceps or curettes 
(Figure  2B). However, the bacteria are not only located on 
the wound surface, but instead they penetrate the wound 
bed or wound margin. For example, human ex vivo wound 
biofilm models with MRSA or P.  aeruginosa showed bacteria-
specific differences with respect to their localisation within the 

Figure 2. Postoperative wound healing disorder at the amputation stump after 
moist forefoot gangrene due to advanced PAD. 
A: Identification of the dense, carpet-like wound biofilm attaching strongly to 
the wound bed (centre of the wound) 
B: Significant reduction of it by curettage without bleeding

A

B
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Figure 3. Leg ulcer of a patient suffering from diabetes and PAD 
A: Extensive sludge on the wound and dermatitis of the wound environment 
due to severe exudation 
B: Visualisation in bacterial density (>104 CFU/mm2) by UV-near light, which 
makes the self-fluorescence of bacterial metabolic products visible to the 
human eye. Cyan-blue reflection at the wound margin, which is typical for  
P. aeruginosa

full-thickness skin tissue14, where MRSA was less destructive 
compared to P.  aeruginosa.  Large numbers of MRSA 
colonised the wound bed only superficially. P.  aeruginosa 
was significantly more destructive in the tissue and infected 
predominantly the epidermis of the wound margin, resulting 
in complete loss of tissue integrity. P.  aeruginosa hardly 
invaded the wound bed, but instead concentrated in and 
on the wound margins, where it colonised between the 
keratinocytes of the stratum granulosum and the stratum 
corneum, and between the stratum granulosum and the 
stratum spinosum14.

In chronic wounds with resting biofilms, beyond failure to 
heal, usually no significant (tissue) damage results. It is due to 
the fact that the various microbial species in the biofilm exist 
symbiotically with reduced metabolism and proliferation, 
obtaining nourishment from (human) wound exudate and 
tissue. Signalling molecules also allow microorganisms to 
communicate with each other and, as a result, change their 
level of metabolic activity10. A lower metabolic activity of 
specific bacteria, called persister cells, located in the 
depth of the biofilm, as well as the interaction of different 
microorganisms, e.g. by lateral resistance gene transfer, are 
further issues contributing to the high resilience of biofilms15. 
This can be assumed as ‘quorum sensing’ utilised by both 
Gram-negative and Gram-positive bacteria to coordinate 
processes in the bacterial community in a limited space16,17. 
Quorum sensing coordinates behaviours such as abilities 
for symbiosis, virulence, motility and biofilm formation. 
The essential signalling molecules are grouped together as 
autoinducers that alter cell population density. They are also 
used for communication between different bacterial species. 
Consequently, highly aggressive biofilms can be formed, e.g. 
those dominated by P.  aeruginosa. They are associated with 
strong exudation and damage to the wound as well as the 
surrounding skin, often visible as the swollen wound margin, 
in turn, leading to wound enlargement. An accompanying 
strong wound odour is frequent.

A wound biofilm and/or a severe bacterial colonisation of the 
wound (>104CFU/mm2) can be macroscopically visible using 
the UV-near light (e.g. 405nm, MolecuLight®) (Figure  3A/B). 
With this method, areas of high bacterial metabolic activity 
can be detected by a red fluorescence of the deposited 
bacterial metabolic products, such as porphyrins (from e.g. 
Staphylococcus Spp. or Enterobacteriacea) or by the cyan-
blue fluorescence of pyoverdine secreted by Pseudomonas 
Spp. P.  aeruginosa predominantly colonises and infiltrates the 
wound margin, whereas S. aureus is more likely to be found in 
the wound bed14.

Efficacy of antimicrobial wound irrigation solutions against 
biofilm
The symbiotic, interspecies ‘society’ of wound biofilms is 
formed by producing a protective, so-called EPS that on one 
hand works as a biochemical barrier against the host immune 
system and on the other hand against systemic antibiotics or 
externally applied antimicrobials18,19. Therefore, the latter often 
fail in biofilm eradication6,14,20. The ‘tolerance’ of biofilms to 
antimicrobials is high because antimicrobials do not have the 
chemical composition to split the polysaccharides and (lipo)
proteins of the EPS. Therefore, they cannot penetrate it to kill 
the embedded bacteria10,15,21. This was visualised in the human 
biofilm models hpBIOM and lhBIOM in SEM images10,22–24. 

Thus, antimicrobials do not lose their efficacy against bacteria 
in the biofilm, they just do not break through the bacterial 
‘shield’ EPS. ‘Bacterial resistance’ means that bacteria develop 
specific mechanisms, such as efflux pumps, target mutations 
or post-translational or post-transcriptional modifications 
that enable them to attenuate or completely neutralise the 
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effect of antimicrobial-active substances. ‘Bacterial tolerance’ 
of microbes embedded in biofilm refers to the fact that they 
benefit from the protective matrix environment (EPS) and 
thus have a greatly reduced susceptibility to antimicrobials, 
antibiotics, and even the human immune system.

Evidence-based recommendations for the ‘first choice’ 
antimicrobial wound irrigation solutions regarding potential 
biofilm eradication do not exist due to the lack of RCTs. 
Because of the recent renaissance of hypochlorous and 
chloride-based wound irrigation solutions, it was of particular 
interest how efficient they were compared to established 
wound antiseptics like PHMB, octenidine dihydrochloride-
phenoxyethanol (Octenisept®) or Iodine. In translational tests 
with the above-mentioned biofilm model, eradication of 
the bacteria (P.  aeruginosa, S.  aureus – including MRSA) did 
not occur after application of three potent hypochlorous 
and chloride-based solutions after 24 to 72 hours and a 
slow bacterial growth was observed instead23. PHMB and 
Octenisept® performed better, failing to completely kill the 
bacteria in the biofilm, unlike planktonic bacteria, which are 
eradicated in a few seconds or minutes6,22,23. These results show 
that the antimicrobials are nearly unable to penetrate the EPS 
composed of proteins and polysaccharides. Bacteria in the 
biofilm are thus more ‘tolerant’ to them. However, this does 
not mean that antimicrobial resistance – similar to the feared 
antibiotic resistance – is developed in biofilm bacteria.

Efficacy of antimicrobial wound dressings against 
P. aeruginosa biofilm
Similarly poor evidence is found in the literature for the 
use of antimicrobial dressings in biofilm, local or spreading 
wound infection. RCTs are lacking, so it was pertinent to 
test antimicrobial wound dressings (only drug-releasing 
products) in translational, human wound biofilm models 
produced by P.  aeruginosa, which is considered one of the 
most aggressive biofilm-formers24. As expected, the iodine-, 
silver-, and polyhexanide-containing wound dressings showed 
a high bactericidal effect within the first 24 hours, which was, 
however, only sustained in the case of cadexomer iodine. 
The PHMB wound dressing induced a kind of ‘bacteriostatic 
effect’ throughout the test period of 6 days holding on a 
low but constant 2–3log10 step reduction – only a log10 step 
reduction >5 (reduction of 99.999% bacteria) is considered 
as eradication. The silver dressing lost its initial significant 
antibacterial effect on biofilm, which is equivalent to a failure 
at the EPS, as the silver molecules released from the dressing 
are not able to penetrate the depth of the EPS. It remains open 
whether changing the dressings every 48 hours would induce 
a stronger and sustainable antimicrobial efficacy in the PHMB 
and the silver dressing. In the case of the cadexomer iodine 
dressing, a significant and continuous antimicrobial effect with 
successive microbial reduction within 6 days was confirmed 
in previous in vitro and clinical studies25,26. It appears that the 
cadexomer component in the wound dressing dehydrates the 
biofilm matrix (EPS), which, in turn, causes its degeneration. 
This provides a space for iodine to penetrate the biofilm and 
eradicate the embedded P. aeruginosa.

In summary, there is often a gap between the anti-wound 
biofilm efficacy claimed by manufacturers and the real 
bacterial elimination in the biofilm (models). The previously 
described human biofilm model – even if it consists of ‘waste 
products’ of the blood bank – is not usable for comprehensive 

testing as part of the approval processes of medical devices 
in accredited labs. For this purpose, a wound biofilm model 
based on sheep blood was developed22, which was shown 
to accurately mimic the human wound biofilm and – once 
established – may also reduce the need for animal testing.

Efficacy of antimicrobial physical wound therapies against 
biofilm
The available physical wound therapies include atmospheric 
cold plasma (CAP), ultrasound, blue light (high-intensity laser, 
HIL) or photobiomodulation (low-intensity laser, LILT). Their 
potential additive efficacy on wound biofilm was tested in 
the human wound biofilm model lhBIOM. Recently, several 
clinical trials have confirmed the benefits and efficacy of 
CAP in chronic wounds27. It is still to unravel whether its 
antimicrobial potential or rather the (wound) cell stimulation 
is the driving factor. In the translational setting, planktonic 
S. aureus was significantly reduced after 120 minutes following 
the CAP application, whereas in the human biofilm model 
no significant decrease in the bacterial count was observed 
regardless of the CAP application mode and its duration28. 
Electron-microscopically, the structure of the biofilm model 
was loosened, but this was not reflected in the antimicrobial 
efficacy. Cautiously applied in the clinical practice, this 
would imply that CAP application may be more effective in 
supporting wound healing if the wound biofilm was removed 
(debrided) first.

Medical lasers are divided into two types – high-intensity laser 
therapy (HILT) and low-intensity laser therapy. Both types 
of lasers differ in three main characteristics that influence 
the therapeutic effects: thermal features, which depend 
mainly on the tissue chromophores that absorb a particular 
wavelength; biophysical features, such as the wavelength; 
and the mode of application, in the form of continuous or 
pulsed waves. HILT, sometimes called blue light irradiation, is 
highly efficient against Gram-positive bacteria, Gram-negative 
bacteria, mycobacteria, moulds, yeasts and dermatophytes29. 
It is thought to be due to photoexcitation of endogenously 
produced porphyrins from, for example, P.  aeruginosa, 
Acinetobacter baumannii and Candida albicans. Using the 
human biofilm model hpBIOM, it was confirmed that the 
highest antibacterial efficacy results after application of the 
wavelengths ranging between 402–420nm, complemented 
by the findings of an efficiency at 455nm and at 480nm, 
which are in fact limited to P.  aeruginosa, Escherichia coli and 
Staphylococcus epidermidis strains30. In particular, P. aeruginosa 
appears to be very sensitive throughout the violet/blue 
spectrum. In contrary to the results of other research groups, 
no antimicrobial activity against S.  aureus was demonstrated 
by blue light of 455nm and 480nm. In summary, the results 
indicate that there seems to be a ‘therapeutic window’ 
within the blue light spectrum (455nm and 480nm) where 
pathogenic microbes are inactivated while skin cells (here: 
human primary fibroblasts), remain vital.

Other studies also showed a kind of resistance of keratinocytes 
(HaCaTs) to blue light frequencies above 415nm. The onset of 
re-epithelialisation of wounds occurs through the fibroblast-
mediated granulation phase, meaning that blue light may 
delay the healing process despite its good antibacterial 
potential. Nevertheless, HILT may be useful as a sophisticated 
therapy (wavelength, dose and irradiance, frequency of 
application) in individual patients with wounds infected by 
multidrug-resistant bacteria.
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In contrast, the primary goal of LILT or photobiomodulation 
therapy is to stimulate the healing of chronic wounds, which 
has been demonstrated in several in vitro as well as in vivo 
studies31–33. Above a frequency of 635nm, there seem to be 
predominantly positive effects on skin cells and their healing 
potential (cell differentiation, cell proliferation, metabolic 
activity, etc.). However, only a few research groups report 
antibacterial efficacy of LILT34,35. In a translational in vitro 
study, pulsed LILT application with a wavelength of 904nm at 
frequencies of 960Hz–50%, 3200Hz, and 3200Hz±50% showed 
no antimicrobial effect on S. aureus, P. aeruginosa, Enterococcus 
faecium and C.  albicans in a standardised human biofilm 
model36. However, unlike the skin cells, the microorganisms 
were not stimulated to grow. Therefore, this result can be 
evaluated as quite positive, and it can be summarised that 
LILT positively influences wound healing avoiding bacterial 
stimulation.

Efficacy of (sharp) debridement against biofilm
Currently, the only effective and sustainable therapy 
for wound biofilm recommended by expert consensus is 
a consequent sharp or surgical debridement6,37. It is often, 
however, not a feasible option, e.g., in the home-care setting 
(limited hygiene, therapeutically anticoagulated patients) 
or for critically ill patients. Moreover, a single radical surgical 
debridement is usually not sufficient. Instead, repetitive 
interventions in short time intervals have proven to be 
successful and sustainable in the long run37,38. The use of 
this comparatively aggressive local therapy even in ‘resting’ 
wounds with biofilm (Figure  2) tends to require a great 
amount of perseverance from a practitioner; after removal 
of the dressing, the wound should be visually inspected for 
potential biofilm colonisation or with the aid of the above-
mentioned UV near light14. Only after sustainable sharp 
reduction of the biofilm, antimicrobial solutions and dressings 
can be efficient against the remaining pathogens.

Surgical debridement is often indicated when not only the 
adherent wound biofilm but also large areas of necrotic 
tissue are to be removed38,39. It is performed under spinal or 
intubation anaesthesia. Compared with sharp debridement, it 
is more invasive and also removes parts of the wound margin 
and wound bed using a scalpel and shaver. Accordingly, the 
wound size increases first. Another option for removing the 
wound biofilm is chemical debridement, which effectively 
removes the bacteria but also infiltrates the wound bed 
and wound margin. Here, deep-seated bacteria are killed, 
but human cells are also involved, so that a primary wound 
enlargement occurs as well40,41.

DISCUSSION
This narrative review summarises translational, in vitro and 
ex vivo studies of antimicrobial therapies of chemical and 
physical nature against bacterial biofilm and reflects the 
results in clinical findings. These analyses were based on 
human blood-based biofilm models, each with one bacterial, 
human-pathogenic species. This constitutes a limitation to 
the conclusions as the wound biofilms in clinical practice are 
always multi-species. However, it is also known that dominant 
and less dominant species exist in these biofilms (reviewed 
in42). Thus, this model is at least more suitable than the existing 
ones, mostly two-dimensional or liquid43–45. To date, only 
two other 3D biofilm models exist: a liquid-filled chamber 

with bacterial species inside46–48; and a collagen gel matrix 
with serum proteins containing up to two bacterial species49. 
With regard to biofilm in chronic wounds, the comparability 
and durability of both models are low. However, in most 
biofilm analyses, only the biofilm-conditioned medium (BCM) 
is used in order to avoid direct contact between bacteria and 
(human) cells50–52. In summary, the unique composition of the 
hpBIOM and lhBIOM mimics the wound milieu and includes 
the individual immune competence, which represents an 
improvement of biofilm models with regard to the clinical 
translation of results. This is of relevance because, to the 
author’s knowledge, there are no evidence-generating 
statements and RCTs on how effective antimicrobial agents, 
dressings and techniques against biofilm-forming bacteria 
really perform in clinical practice.

Descriptively, the efficacy of antimicrobial agents is broken 
down to the value of the so-called ‘log10-step reduction’, i.e. to 
logarithms of 10. Orientating, bacteriostatic effects correspond 
to a log10 reduction to ≤3 (to 99.9%), and bacteritoxic effects 
to a log10 reduction ≥5 (to 99.999%) are used. This topic was 
scrutinised earlier in this review.

From the translational in vitro, ex vivo and clinical results 
shown, it is evident that the biofilm matrix, the so-called 
EPS, plays a crucial role in the resilience of the wound biofilm 
and its defence against antimicrobials. It acts as a ‘protective 
shield’, where those highly proficient at making antibacterial 
therapies tend to fail. This predominantly bacterial construct 
of polysaccharides, a variety of proteins, lipids, phospholipids, 
glycoproteins, glycolipids and/or lipopolysaccharides (LPS)53, 
cannot be penetrated or cracked by the antimicrobials, which 
are, indeed, made solely for the purpose of destruction of the 
bacterial surface or their metabolism. This conglomerate of 
matrix and microorganisms (fungi can also be present in the 
biofilms) requires the use of combined therapies containing 
antimicrobials and other ingredients that attack and break 
down the EPS in a first step. The products containing 
octenidine dihydrochloride-phenoxyethanol and cadexomer 
iodine make this apparent.

CONCLUSION
Wound biofilm requires a combined topical therapy because 
it consists of several ‘components’. It is important to realise 
that it can be found on more than 75% of all chronic wounds 
and has to be removed. Wound cleansing with irrigation 
solutions and compresses alone is not sufficient; it does not 
sustainably reduce the microbial load in biofilm infiltrated 
wounds. The persistence of biofilm causes wound healing 
to stagnate. In the translational testing of the most 
established antimicrobials, only octenidine dihydrochloride-
phenoxyethanol and PHMB showed (delayed) efficacy against 
it. The wound dressing containing cadexomer iodine exhibited 
a very good anti-biofilm effect. Regardless of the topical 
therapy, however, the underlying disease that leads to the 
persistence of the wound has always to be treated primarily. 
Accordingly, a biofilm-covered, severely exuding wound is also 
not a contraindication for medically indicated compression 
therapy (e.g. in CVI, lymphoedema or lipedoema).
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