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I t is estimated that up to 2% of the 
population in developed countries suffer 
from chronic wounds (Nussbaum et al, 

2018). Research from MedMarket Diligence 
(2018) and Wound Research Foundation 
(2013–2019) showed that billions were spent 
on wound products globally, with at least 
6.7 million Americans and 20 million worldwide 
treated for chronic wounds per year. The annual 
cost of providing chronic wound care services 
in the US is projected to be US$ 20–50 billion 
per year (MedMarket Diligence, 2018) and in 
developed countries, consumes 3–5% of total 
healthcare expenditure (Järbrink et al, 2017). 

It is well known that chronic ulcers such as 
pressure ulcers (PU), diabetic foot ulcers (DFU) 
and venous ulcers are hard-to-heal wounds. In 
addition, it is also important to note that the 
recurrence rates of these chronic wounds is 
very high. Research by Bruin Biometrics (2013) 
showed that the recurrent rate of pressure 
ulcers (PU) is 31–79%. A study by Lavery et al 

(2016) stated that DFUs have a recurrence rate 
of 8–59%. As for venous ulcers, a recurrence 
rate of 70% was estimated by Wound Research 
Foundation (2013–2019). 

In a study by Sen (2019), it was demonstrated 
that the recurrence rate of chronic wounds may 
be as a result of the presence of biofilm, due to 
the aggregation of microbes. Biofilm infections 
can hinder wound healing or cause defective 
wound closure, leading to wound recurrence. In 
a different systematic review and meta-analysis 
study, Malone et al (2017) showed that 78% of 
wounds are infected by bacterial biofilm. This 
is the key cause of delayed wound healing, as it 
shields the infection from the patient’s immune 
response and antibiotics (Sen, 2019).

Skin, the largest organ of the body acts as 
a first-line defence mechanism to protect the 
body against microorganism. Electric fields, 
which exist naturally in the skin, create the 
surface energy potential (voltage) known as 
transepithelial potential (TEP). Therefore, the 

Use of a unique bioelectric dressing  
in chronic wound healing

Antimicrobial wound dressings are one of the many dressings available 
on the market for the management of wounds. They provide a moist 
wound healing environment, which is suitable for partial- and full-
thickness chronic wounds, such as pressure ulcers (PU), diabetic foot 
ulcers (DFU) and venous ulcers. The aim of this study was to evaluate 
the efficacy of a unique bioelectric dressing in chronic wound healing. 
This case series reviews five patients selected randomly with chronic 
non-healing wounds; one chronic venous ulcer, two DFUs, one vasculitic 
ulcer and one post-surgical non-healing wound. Wounds were assessed 
using the TIMES concept before being cleansed with distilled water. 
Debridement was performed where necessary. Amorphous gel was 
applied as conduction fluid before the application of a bioelectric dressing. 
The wound was covered with a foam dressing. A crepe bandage was 
used for the post-surgical wound, vasculitis and diabetic foot ulcers. A 
two-layer compression bandage was applied to the chronic venous ulcer. 
DFUs were offloaded using padding. In this case series, all five wounds 
healed completely and there were no adverse events reported. Bioelectric 
dressings have proven to be effective in managing infection and 
promoting wound healing. The limitation of this case series is the small 
sample number, which might not represent the larger population.
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Pseudomonas aeruginosa biofilms (Banerjee et al, 
2015). Bioelectric dressings exhibited bacterial 
activity against antibiotic-sensitive multidrug-
resistant strains and multiple antibiotic-resistant 
strains of wound pathogens, but Enterococcus 
species are bacteriostatic (Kim et al, 2014). Also, 
human keratinocytes exposed to bioelectric 
dressing demonstrated significantly accelerated 
cell migration (Banerjee et al, 2014). In a 
prospective case series, skin graft harvested 
sites demonstrated significantly greater re-
epithelialisation with bioelectric dressing, 
when compared with standard dressings 
(Blount et al, 2012).  

Objective 
To evaluate the efficacy of a unique bioelectric 
dressing in chronic wound healing.

Methodology 
This study was done by simple randomisation, 
which involved the application of a bioelectric 
dressing on five patients with chronic non-
healing wounds. The study was carried out in an 
outpatient setting at the Wound Care Unit, Kuala 
Lumpur Hospital, Malaysia (WCUHKL). Patients 
were given standard of care by a WCUHKL 
nurse. Wounds were assessed using the TIMES 
concept. The wound was cleansed using 
distilled water and debridement was performed 
where necessary. Amorphous gel was applied 
as conduction fluid before the application of 
a bioelectric dressing. The wound was covered 
with a foam dressing. A crepe bandage was used 
for the post-surgical wound, vasculitis and DFUs. 

skin is deduced as the largest battery in the 
body. In intact skin, it is approximated that 
the human skin electric potential is between 
0.010–0.060V. When the skin is wounded, TEP 
is disrupted (Foulds and Barker, 1983; Zhao, 
2009; Dubé et al, 2010). TEP disruption induces 
an electric field directed toward the middle 
of the wound (Dubé et al, 2010). This initiates 
cell migration and re-epithelialisation (Foulds 
and Barker, 1983; Zhao, 2009; Dubé et al, 2010). 
When skin regeneration is completed, TEP is 
restored (Moulin et al, 2012).

Antimicrobial wound dressings are one of the 
many dressings available on the market for the 
management of wounds. They provide a moist 
wound healing environment, which is suitable 
for partial and full-thickness chronic wounds, 
such as PUs, DFUs and venous ulcers. The newest 
V.DoxTM technology incorporated in antimicrobial 
dressings resulted in the production of a unique 
bioelectric dressing. This unique bioelectric 
dressing, patented with V.Dox technology, 
employs moisture-activated microcell batteries 
that are designed to mimic the skin’s electric 
energy. Hence, this dressing may substantially 
reduce the risk of infection by killing a broad 
spectrum of bacteria without antibiotics, while 
supporting the body’s natural healing process 
(Kim and Izadjoo, 2015).

In vitro studies by Banerjee et al (2015) 
and Kim and Izadjoo (2015) showed that 
bioelectric dressings were effective against 
both monospecies, as well as multispecies 
biofilm-forming bacteria. It was also proven 
that silver dressing alone are unable to disrupt 

Case study 1

A 55-year-old Indian woman who had previously been in a motor vehicle accident, which resulted 
in a fracture of the right ankle. She had no known medical illness. Internal fixation was done on 
the right ankle. The patient was referred with a post-surgical non-healing ulcer. Wound size was 
1.0cm x 1.0cm, with biofilm suspected. The wound comprised of 80% granulation tissue and 
20% epithelial tissue, with moderate exudate levels (Figure 1a). The results showed that there was a 
significant reduction in the wound size percentage and the wound healed in 22 days (Figure 1b).

Figure 1a. Day 1:  
On 02 December 2019,  
Wound size measured 1.0cm x 1.0cm

Figure 1b. Day 22:  
On 23 December 2019, the wound 
was healed
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Case study 2

A 58-year-old Indian man with underlying hypertension, dyslipidemia and gout. The patient was 
referred with a vasculitic ulcer over the left lower limb lateral malleolus. The wound measured 
3.5cm x 2.0cm and comprised of 80% granulation tissue and 20% sloughy tissue, with surrounding 
dry skin (Figure 2a). The results showed that there was a significant reduction in the percentage of 
ulcer size and the wound healed in 43 days (Figure 2b).

 

Figure 2a. Day 1:  
On 14 January 2020,  
Wound size measured 3.5 cm x 2.0 cm

Figure 2b. Day 43:  
On 25 February 2020, the wound 
was healed

Case study 3

A 71-year-old Indian woman, with underlying type 2 diabetes mellitus. The patient was 
referred with a diabetic foot ulcer over the left foot. Wound size was 3.0cm x 2.0cm. Biofilm was 
suspected. Wound edges were macerated, with moderate exudate levels. The wound was not 
tender, erythematous or warm and there was no sign of pus discharge (Figure 3a). The results 
showed that there was a significant reduction in ulcer size percentage and the wound healed in 
93 days (Figure 3b).

 

Figure 3a. Day 1:  
On 21 October 2019,  
Wound size measured 3.0 cm x 2.0 cm

Figure 3b. Day 93:  
On 25 February 2020, the wound  
was healed
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Table 1. Case study summary

Case Diagnosis Last day of 
treatment

Percentage 
reduction (%)

Size before 
treatment (cm2)

Size after treatment (cm2)

1 Post-surgical non-healing wound 22 100.00 1.00 0.00

2 Vasculitic ulcer 43 100.00 7.00 0.00

3 Diabetic foot ulcer 93 100.00 6.00 0.00

4 Diabetic foot ulcer 92 100.00 66.50 0.00

5 Chronic venous ulcer 92 100.00 10.00 0.00

Case study 4

A 55-year-old Malay man, with underlying type 2 diabetes mellitus. The patient was referred with 
a diabetic foot ulcer over the right ankle region (Figure 4a). The wound measured 9.5cm x 7cm 
and comprised of 90% granulation tissue and 10% epithelial tissue, with surrounding dry skin 
(Figure 4b). The results showed that there was a significant reduction in ulcer size percentage 
and the wound healed in 92 days.

 

Figure 4a. Day 1:  
On 14 January 2020,  
Wound size measured 9.5 cm x 7.0 cm

Figure 4b. Day 92:  
On 14 April 2020, the wound was 
healed

Case study 5

A 63-year-old Chinese woman with underlying eczema and varicose veins. The patient was 
referred with a right venous leg ulcer at the lower 3rd lateral aspect. The wound comprised 
of 80% granulation tissue and 20% sloughy tissue, with surrounding dry skin and yellowish 
moderate exudate identified. The wound measured 4.0cm x 2.5cm (Figure 5a). The results showed 
that there was a significant reduction in ulcer size percentage and the wound healed in 92 days 
(Figure 5b).

 

Figure 5a. Day 1:  
On 02 December 2019,  
Wound size measured 4.0 cm x 2.5 cm

Figure 5b. Day 92:  
On 23 December 2019, the wound 
was healed
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A two-layer compression bandage was applied 
to the chronic venous ulcer. DFUs were offloaded 
using padding.

The study was performed in accordance with 
the principles of good clinical practice guidelines, 
in compliance with the declaration of Helsinki 
and with approval by the hospital review board. 
Informed consent and permission to use clinical 
images and case details for publication/research 
purposes were obtained before the study.

Results
A total of five patients were recruited; 
consisting of one chronic venous ulcer, two 
DFUs, one vasculitic ulcer and one post-
surgical non-healing wound. All five wounds 
healed completely and there were no adverse 
events reported (Cases 1–5 and Table 1) . 

Discussion 
The unique bioelectric dressing used in this study 
was ProcelleraTM Antimicrobial Wound Dressing. 
The dressing is powered by V. Dox, is a polyester 
substrate with embedded microcell batteries made 
of elemental silver and elemental zinc, optimal for 
wound healing. Research by McCaig et al (2005) 
and Banerjee et al (2014) demonstrated that 
electric fields regulate fundamental cell behaviour 
throughout the human body. Published studies 
on this one-of-a-kind non-antibiotic wound 
dressing have demonstrated it’s ability to kill a 
broad-spectrum of microbes, including multidrug-
resistant and biofilm-forming bacteria, thereby 
disrupting established biofilm infection and 
preventing biofilm from reforming (Banerjee et al, 
2014; Kim et al, 2014; Banerjee et al, 2015; Kim and 
Izadjoo, 2015). 

Conclusion 
Bioelectric dressings are designed to mimic the 
skin’s electrical energy, working within the same 
physiologic range as the skin’s current during 
injury, which is essential for cell migration and 
wound healing. In the case series presented here, 
the non-healing wounds showed remarkable 
wound closure. Infection is one of the common 
factors which inhibits wound closure and a cause 
of non-healing wounds. Therefore, this bioelectric 
dressing is effective in managing these types of 
wounds. The limitation of this case series is the 
small sample number, which might not represent 
the larger population. A more robust randomised 
clinical trial is being planned to show the 
significant efficacy of this unique dressing. � WAS
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