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Abstract

Wounds or ulcers result from damage to the body’s surfaces
such as skin and mucous membranes. Once damaged,
our body starts the repair process which, under normal
conditions, is an organised process involving multiple steps,
tissues, cells and their products. However, failure of the
repair process to occur in a synchronised and timely manner
leads to delayed healing. Wounds failing to heal or progress
by 8 weeks are usually categorised as chronic wounds.
Non-healing chronic wounds are challenging because, with
the passage of time, they can affect a patient’s health, their
quality of life, their ability to work and subsequently their
finances. Wounds that fail to heal are a significant burden on
health system budgets worldwide.

Current routine management of wounds includes cleaning,
debridement, applying wound dressings, compression
bandages and antibiotics. However, non-healing wounds
that fail to respond to these measures require advanced
clinical methods, some of which have encouraging results.
This review article discusses these advanced modalities, with
a specific focus on electrical stimulation (ES) as an example
of an emerging method being developed for the treatment of
chronic wounds.

Intfroduction

The management of wounds is clinically very important as
non-healing wounds can affect a patient’s quality of life from
various aspects, including wellbeing, finances and ability to
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undertake work. In the USA alone, chronic wounds affect
around six million people and put about a US$20-25 billion
burden on the health system'?2.

Normal wound healing involves multiple cellular and
biochemical elements; the repair process is precisely
controlled. However, in the case of delayed healing, this
control is lost®**. Known mechanisms that contribute to
impaired healing include a prolonged inflammatory response,
the formation of biofilm®, failure of re-epithelisation®, and an
imbalance of micro-molecules such as growth factors and
cytokines™®. In addition, the lack of immune system cells
and their products result in less granulation tissue formation
and epithelial repair®’®. The rate of healing is therefore
unpredictable as it depends on multiple factors including
age, wound size, wound depth, blood supply, nutrients,
other illnesses and bacterial infection''. Vascular diseases
that can lead to hypoxia also contribute to delayed healing'.
As such, a depressed immune system, bacterial enzymes,
bacterial biofilm and increasing antibiotic resistance play very
important roles in disrupting the normal healing process'-'®.

Routine wound management involves cleaning, debridement,
application of wound dressings, compression bandages,
pain management and the use of antibiotics (topical and
systemic). However, the failure of wounds to heal routinely
leads to the development of advanced treatment modalities;
these are particularly important for patients who prefer to
choose non-surgical options to enhance the speed of wound
healing. Three categories of patients could potentially benefit
from such treatment methods’®:

e Patients with wounds which fail to heal with standard
treatment.

e Patients with medical conditions, such as diabetes
mellitus, which can impair the healing process.

e Patients preferring to choose such modalities instead of
surgical options.
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A few examples of advanced modalities include negative
pressure wound therapy (NPWT), photodynamic therapy
(PDT), topical negative pressure (TNP) dressings, low-level
laser therapy (LLLT), ultrasound therapy and electrical
stimulation (ES). This article focuses only on the potential
use of ES for the treatment of impaired wounds.

More than 75 research and review articles have been
studied to find related information for this article on ES. The
main keywords used for the literature search were ‘chronic
wounds’, ‘wound healing’ and ‘electrical stimulation and
wound healing’.

Electrical stimulation in treatment of
wounds

Natural electrical fields exist in mammalians, amphibians and
plants'’. These fields are generated due to the movement
of certain charged particles such as ions'®. These electrical
fields play important roles in normal tissue development,
regeneration and repair of damaged tissues'®2.

Naturally-occurring electrical potentials occur over the skin;
these have been demonstrated to be useful for enhancing
proliferation of cells'. Thus, ES has been proposed as a
useful modality that can be used to promote regeneration
of tissues and healing'®?'. Two types of stimulation methods
are available. The first type uses monopolar energy delivered
by electrodes, such as high-voltage pulsed current (HVPC)
and low-intensity direct current (LIDC)?. This method is more
effective than the second type of stimulation method which
involves placement of bipolar electrodes — while the risk of
infection is reduced in the bipolar approach as the electrodes
are not transferred from one patient to another, the bipolar
treatment is relatively slow in action compared to monopolar
stimulation’®.

The electrodes for ES are placed in the wound bed or over
the skin near the wound area. A wet conductive medium
such as normal saline soaked gauze or amorphous hydrogel
impregnated gauze is usually used?® under the electrodes for
current delivery to the wound bed or skin.

Positive clinical outcomes

Houghton and Campbell describe the positive effects
of ES on cellular migration in the wound bed, including
proliferation of cells, angiogenesis and re-epithelisation’®.
ES has also been shown to activate growth factors
such as epidermal growth factor and to affect cellular
movements in wounds?4. Various mechanisms have been
proposed to explain this migration of cells in the wound
bed due to ES?*%. Nishimura et al. report movement of
human keratinocytes under the influence of an electrical
current?® in an in vitro study. ES has also been shown to
have positive effects on granulation tissue formation and
proliferation, and can stimulate the remodelling process.
ES causes synthesis of collagen and other proteins in the
wound bed'®. As explained above, the body’s bioelectrical

system plays an important role in the healing process.
For instance, it enhances influx of the cellular elements
which are involved in the repair process to the wound
area. Furthermore, it influences the membrane permeability
and release of secretions from the cells. It also affects
the orientation of the cells which is important for a proper
structural repair?. This system is also involved in a process
known as ‘galvanotaxis’ which is the movement of cellular
elements under the influence of endogenous electrical
signals®*. Further research is required, although ES is
believed to mimic the effects of the body’s bioelectrical
system in promoting wound healing?.

The formation of new blood vessels (angiogenesis) is very
important for successful wound healing. It ensures availability
of nutrients and other materials that are required for cellular
growth, proliferation and maturation®”. Endothelial cells
produce vascular endothelial growth factor (VEGF) after ES,
which is involved in angiogenesis?’28,

It has been reported that treatment with ES decreases
wound size and increases blood flow to the injured area®.
One mechanism for increased blood flow is vasodilation
which occurs due to stimulation of sensory nerve endings
by ES®. Likewise, the formation of new blood vessels will
also increase wound perfusion. The process of new blood
vessel formation is enhanced under the influence of ES
maturation®’-?, The third reason for increased blood flow is
linked with muscle pump activation which is explained later
in this article.

Healing is enhanced by increasing the blood flow to the wound
area. Importantly, increased blood flow, in conjunction with
compromised or low drainage of blood, can cause oedema,
which can hinder the healing process. This issue is usually
tackled with various techniques such as physically activating
the calf muscle by dorsiflexion and plantar flexion, elevating
the wound area if possible, and using compression stockings
and intermittent pneumatic compression (IPC) devices®'2.
ES can address both of these effects simultaneously. It
not only enhances the blood flow to the wound area but
also activates the calf muscle which in turn improves blood
drainage®34. Figure 1 summarises the basic information
related to ES technique, its mechanism of action, and its
effects on wound healing.

ES improves wound healing by increasing perfusion to
the wound area. Cosmo et al. report increased perfusion
in wounds as well as surrounding areas during and after
ES®. This means it causes dilation of vessels in the applied
area. Similarly, increased success and survival of graft
tissue has been reported if ES is applied locally. Increased
perfusion also occurs due to new blood vessel formation
angiogenesis®. Likewise, high levels of transcutaneous
partial pressure of oxygen (TcPO,) is observed in electrically
stimulated wounds, which also indicates that blood flow and
oxygen delivery to tissue is improved by ES?.
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Effects on Inflammatory stage
Increased perfusion and oxygenation

Reduction in edema

Proposed Mechanisms of Action

Attraction of cellular elements like

fields

Electrodes (monopolar or
bipolar) for ES are placed in
wound bed or over skin, using n.
liquid conductive materials
like normal saline or hydrogel
soaked gauze

Mimics effects of endogenous electrical

Increased cellular movements/
galvanotaxis

Enhanced membrane permeability

Release of secretions like growth
factors and cytokines

Vasodilation

Angiogenesis

neutrophils, fibroblasts and epithelial cells
Reduced infection rate
Effects on Proliferative phase

Q Stimulation of fibroblasts and epithelial
cells

Increased protein synthesis e.g. collagen
Increased membrane transport

Epidermal growth and cellular migration

Enhanced matrix organization

Effects on Remodeling of healed area
Stimulation of wound contraction

Formation of a smooth and thin scar

Figure 1. The technique, mechanism of action and effects of ES on the healing process

In normal physiological mechanisms, exercise increases
lymph flow due to its effect on muscle contraction. This is
the basis for the above described measure of activating the
calf muscle by dorsiflexion and plantar flexion. A prominent
example of ES for this purpose is the muscle pump activator
(MPA). MPAs are devices which cause lower limb muscles to
contract by stimulating the common peroneal nerve. MPAs
improve healing by increasing blood flow, transcutaneous
oxygen tension and venous return®°. This makes MPAs
a potential alternative to compression stockings. While
stockings increase venous drainage, they may also reduce
arterial flow due to application of pressure. MPAs increase
arterial blood as well as venous flow®4° and are reported to
have better results in relation to healing outcomes, as well
as patient satisfaction levels, compared to standard therapy
with thrombo-embolic-deterrent (TED) and IPC devices*.

Wound infection is a major contributing factor to impaired
healing. Xu et al. report that bacterial load and infection
of wounds is reduced with ES use®. ES has also been
shown to have positive adjuvant effects on antibacterial
therapies. For example, silver ion penetration into the deeper
tissues is increased in the presence of electrical signals,
which increases its antibacterial activity?'. Similarly, antibiotic
effectiveness in removing biofilm has been reported to
increase following ES treatment*'. Studies have also shown
that ES can have positive effects on the regeneration of
axons of motor neurons during the healing process*.
Interestingly, the scar quality and strength are also enhanced
with ES treatment*.

Clinical challenges

The clinical challenges associated with ES include skin
discomfort, irritation, tingling sensation and even skin burns.
Thus, the therapy should be carefully monitored. Similarly,
application of certain types of products or dressings can
also influence the effectiveness of this treatment modality.
For instance, petrolatum-based substances should not be
used simultaneously with ES as they interfere with current
conduction2,

The amount of electrical current and its duration have not yet
been fully standardised in wound care practice. Currently a
300-500uC/sec charge is recommended for use; however,
further evidence-based assessments of this technology
are required?'. Similarly, treatment duration and schedule
vary considerably. For example, it can be applied a few
times a week for a longer duration or can be applied daily
for a shorter duration*. Standardisation of this approach is
needed before its full potential can be fully realised for the
treatment of wounds.

Discussion

ES is a potential therapy which can be particularly useful
for wounds with delayed healing'”. Research and clinical
evidence is available to support its effectiveness and its use
for the treatment of diabetic foot ulcers, pressure ulcers and
venous ulcers. An analysis conducted on 22 randomised
controlled trials reported the effectiveness of ES in promoting
healing in various types of wounds®. Additionally, after
reviewing 16 randomised clinical studies, Thakral et al. report

Wound Practice and Research



Hussain

Electrical stimulation and wound healing

that enhanced wound healing and damage area reduction
was observed under the influence of ES*, something which
has also been confirmed by other studies*’~°.

It is clear from the above literature that ES enhances the
mechanisms involved in the normal healing process. In our
opinion, the clinical application of ES can play an important
role in wound management. Furthermore, research evidence
and availability of the technique are also very important
factors to be considered. As treatment options are usually
expensive, government subsidies or funding will be an
important factor for the uptake of this technology.

Additionally, appropriate training in the use and delivery of
ES would be required for its safe and effective use. If the
technology is successful and cost effective, the patient
demand is likely to increase. Without sufficiently trained
physicians, the desired outcomes will not be achieved.
Further research is needed to formulate an effective and
improved treatment plan combining various therapeutic
approaches.

Conclusion

ES is a useful technique which enhances natural healing
mechanisms. Overall, ES appears to be a safe and effective
option for the treatment of wounds. Skin irritation is the
only major issue that has been reported. Both the duration
time and the amount of current still need to be investigated
in order to determine how these affect outcomes?. The
current literature highlights the role of ES in wound healing
but further research is required to address the parameters
of duration, frequency, polarity, type and amount of ES. ES
should also be investigated and standardised for use in all
the various categories of wounds. Over the coming years it
will be worth collecting further evidence to know the actual
usefulness of ES, particularly in different types of wounds.
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