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Executive summary

Inflammation is the body’s response to injury, infection or exposure to toxic
substances and results from vascular, local immune and inflammatory cell
responses to these events. The cardinal signs of inflammation include redness,
swelling, heat, pain, and loss of tissue function.

Inflammation involves a variety of physiological changes and signalling
cascades, which stimulate responses aimed at removing pathogens, debris and
damaged cells, and promoting healing of the affected tissues. Inflammatory
mediators cause sensitisation of nociceptors, increasing the perception of pain.

Acute inflammation starts rapidly in response to harmful stimuli and may become
severe, but normally the symptoms last for a relatively short period of time -
usually a few days. Generally, cellular and molecular events and interactions
occurring during acute inflammatory responses minimise impending injury or
infection. This mitigation process contributes to restoring tissue homeostasis,
and subsequently acute inflammation resolves.

However, in some cases, inflammation can become chronic with detrimental
effects. Uncontrolled inflammation can lead to the development of numerous
chronic inflammatory diseases. Therefore, it is essential to identify and
implement interventions for the management of inflammation.

Electrotherapy is an approach that delivers exogenous electrical impulses to
elicit favourable physiological changes, which bring about various health and
fitness related benefits. Results from both human and animal studies suggest
that electrotherapy can aid in the management of inflammation associated with
different conditions.

Causes and development of acute inflammation

Inflammation is observed in living vascularised tissues, and occurs as a result of
endogenous/exogenous harmful stimuli (Ehrman et al., 2003). The inflammatory
response includes events at vascular and cellular level, especially immune cells.



Inflammatory manifestations reflect the body’s response to tissue injury, invasion
of pathogens, exposure to toxic compounds or irradiation (Medzhitov, 2010).

It is a defence mechanism, with the aim of removing injurious stimuli, replacing
damaged cells and activating the healing process, which is critical to health
(Ferrero-Miliani et al., 2007; Nathan & Ding, 2010). The inflammatory response
involves various signalling pathways that regulate the level of inflammatory
mediators in resident tissue cells and the activation of inflammatory cells,
which are very important in the response to tissue injury or infection (Lawrence,
2009).

The cardinal signs of inflammation include rubor (redness) resulting from
vasodilation of the vasculature in the affected tissue; calor (heat) due to local
tissue hyperemia; tumour (swelling) caused by augmented vascular permeability
and accumulation of fluid in the extravascular space; dolor (pain) due to the
effect of oedema and inflammatory mediators, which activate nociceptors
causing pain (Libby, 2007; Takeuchi & Akira, 2010). The loss of function in the
inflamed tissue is mainly due to the development of pain and oedema (Flanagan,
1997; Kaspers et al., 2015).

Specifically, during acute inflammation there is a release of inflammatory
mediators, such as bradykinin, histamine, prostaglandins and nitric oxide, which
act on smooth muscles of blood vessels causing them to relax, leading to
vasodilation. This reduces vascular resistance and increases blood flow, leading
to redness and allowing more leukocytes and plasma proteins to reach the
affected tissue.

Moreover, the augmented permeability of the local vasculature facilitates
immune cells and nutrients to pass out of the small blood vessels and reach the
affected tissue (Guyton & Hall, 2011). The immune cells release leukotrienes
and cytokines that are also inflammatory mediators, and the associated
hyperaemia increases the hydrostatic pressure, while the elevated vascular
permeability, due to augmented inter-epithelial gaps, causes plasma proteins
and other substances to leak out, decreasing the colloid osmotic pressure within
the vasculature.

The increased hydrostatic pressure and the reduced colloid osmotic pressure, in
the presence of high microcirculation permeability, cause a greater amount of
fluid to move out from the vasculature and accumulate in the interstitial



compartment of the inflamed tissue, leading to the formation of oedema
(Kaspers et al., 2015).

The inflammatory mediators reach the hypothalamus via blood circulation, often
leading to elevation in body temperature. The increased temperature enhances
the innate immune defences by stimulating leukocytes to kill pathogens. Also,
fever may inhibit the growth of many pathogens, helping to prevent infection
(Evans et al., 2015).

Oedema also increases the pressure in the traumatised region, activating the
nociceptors, while the inflammatory mediators also irritate these nerve fibres,
lowering their activation threshold, and pain develops as a consequence. The
resulting hyperalgesia has a protective function, as by reducing mobility of the
affected body region, it helps prevent further damage (Guyton & Hall, 2011;
Keele et al., 1984).

There is also an increased number of immune cells in the inflamed tissue. These
immune cells attack and remove pathogens, debris and damaged cells through
phagocytosis. Moreover, the activation of the repair mechanisms is associated
with the inflammatory response (Chertov et al., 2000; Kaspers et al., 2015).

Essentially, acute inflammation is the body’s response to minimise impending
injury or infection, and restore tissue homeostasis. Acute inflammation normally
lasts for a relatively short period of time, usually a few days, and then resolves.
However, in some cases, inflammation can become chronic with detrimental
consequences (Zou et al., 2006).

Chronic inflammation and development of chronic

inflammatory diseases

Although intermittent increases in inflammation are crucial for survival during
physical injury and infection, research has revealed that inflammation persisting
over long periods of time has serious damaging effects (Furman et al., 2019).
Chronic inflammation refers to slow, long-term inflammation lasting for prolonged
periods of several months to years. It is generally observed when acute
inflammatory mechanisms fail to resolve tissue injury or eliminate pathogens
(Lintermans et al., 2014).



There are other factors that may cause chronic inflammation, such as
autoimmune disorders and long-term exposure to irritants, including industrial
chemicals or polluted air. Obesity, cigarette smoking, poor diet, elevated
oxidative stress and hormone imbalance, can also contribute to chronic
inflammation development (Furman et al., 2019). It should be considered that
chronic inflammation is not a specific disease but a mechanistic process.

Most of the physiological changes that characterise acute inflammation continue
as the inflammation becomes chronic, including vasodilation, hyperaemia,
increased vascular permeability and migration of neutrophils into the affected
tissue through the capillary wall, in a process termed diapedesis. However, in
chronic inflammation the composition of immune cells changes and mononuclear
inflammatory cells, i.e. macrophages and lymphocytes, infiltrate, with a few
granulocytes, i.e. neutrophils, present in the affected tissue (King, 2007). In
addition to macrophages and lymphocytes, plasma cells also infiltrate the
affected tissue site. These different types of inflammatory cells produce a variety
of compounds, including growth factors, inflammatory cytokines and enzymes,
which contribute to the progression of tissue damage and formation of
granuloma and fibrosis. (Cutolo et al., 2019; Liu et al., 2017; Milenkovoc et al.,
2019; Needham et al., 2019; Yousuf et al., 2019).

Thus, inflammation is the body‘s unique defence mechanism to maintain its
integrity in response to injuries or infection. A normal inflammatory response is
characterised by the temporally restricted upregulation of inflammatory activity,
which occurs in the presence of a threat and that resolves once the threat has
passed (Fullerton, 2016; Kotas & Medzhitov, 2015; Straub, 2017).

However, if acute inflammation persists, it can become chronic, with detrimental
effects on function and health. Important recent medical discoveries provided
evidence that the immune system and inflammatory processes are involved in
numerous health problems that dominate present-day morbidity and mortality
worldwide (Bennett, 2018; Furman et al., 2017; Netea et al., 2017; Slavich,
2015).

Depending on the aetiology and tissue or organ affected, chronic inflammation
may cause pain or progress silently. Chronic inflammation is associated with
many chronic diseases, such as cardiovascular (Glezev & Buagh, 2014; Libby,
2012; Libby et al., 2010; Libby, 2002; Packard and Libby, 2008), bowel diseases
(Cario & Podolsky, 2000; Strober et al., 2007), diabetes (Tsalamandris et al.,
2019), neurodegenerative conditions (Fullerton & Gilroy, 2016), arthritis (Guo et
al., 2018), fibromyalgia (Benlidayi, 2019) and cancer (Fernandes et al., 2015;



Libby 2007). Chronic inflammatory diseases have been recognised as the most
significant cause of death in the world today, with more than 50% of all deaths
being attributable to inflammation-related diseases (Fullerton and Gilroy, 2016).
Therefore, it is critical to identify and implement interventions for the
management of excessive and chronic inflammation.

The Role of Electrotherapy for Treating Inflammation in

Different Conditions

The use of electricity in a medical context is no recent development, having been
used as a therapeutic tool for over two millennia. Electrotherapy has evolved
with the progress of science, and in the last several decades we have witnessed
an unparalleled growth in electronic technology and its application in medicine
(Grimnes & Martinsen, 2000).

Investigations into biology and electrophysiology revealed that bioelectric
phenomena permeate living organisms, including humans, at different levels and
are essential for the various physiological functions (Becker, 1974; Becker &
Selden, 1985). Electrotherapy is a discipline based on evidence of the electric
and electromagnetic phenomena, which arise in biological tissues, and the
administration of exogenous electrical impulses for therapeutic purposes
(Malmivuo & Plonsey, 1995; Watson, 2008).

Electrotherapy comprises different modalities or versions, including microcurrent
stimulation (MCS), transcutaneous electrical nerve stimulation (TENS) and
neuromuscular electrical stimulation (NMES). Each modality stimulates the body
in a specific way, causing favourable physiological changes, which bring about
various health and wellbeing related benefits (Baboult et al., 2007; Bjordal et al.,
2003; McMakin et al., 2005). Findings from both human and animal studies
suggest that electrotherapy may aid in the management of inflammation
associated with different conditions.

Erythema is a type of skin rash characterised by inflammation and redness, with
varying degrees of severity. It usually occurs in response to a drug, excessive
exposure to ultraviolet light, an infection or disease. Lee et al. (2011) evaluated
the effects of MCS application for treating erythema and the associated
inflammatory reactions induced by ultraviolet irradiation on the human skin. Two
inflammatory reactions were induced with ultraviolet irradiation, which caused
erythema in the lumbar region of each subject. One affected region of each



subject was treated with MCS (experimental site) and the other was not treated
(control site).

The results demonstrated statistically significant changes in chromatic red and
luminance between the sites treated with MCS and the control sites. The
improvements were greater in the sites treated with MCS (Lee et al., 2011) due
to decreased levels of prostaglandins and other inflammatory mediators, thereby
helping to reduce the inflammatory reactions (Lee et al., 2011; Kaur et al., 2011).
Also, there was a statistically significant difference in wound contraction, which
was greater in MCS treated sites compared to control sites.

Fibromyalgia, also known as fibromyalgia syndrome (FMS), is a long-term
condition that affects muscles and soft tissue, and is very difficult to treat. It is a
potentially disabling chronic pain condition, and is the most frequent cause of
chronic widespread pain (Kransler et al., 2002). Currently, there is no widely
accepted effective treatment for this condition, and symptoms persist for years
even with various approaches to therapy (Sprott, 2003).

A study conducted by McMakin et al. (2005) evaluated the effects of MCS on
pro-inflammatory cytokines and different pain biomarkers in patients with
fibromyalgia associated with cervical trauma. The results showed a statistically
significant reduction in pain and symptomatic relief from fibromyalgia following
an average of eight MCS treatments. The median time to improvement was two
months and the actuarial recovery curve reached 100% at 4.5 months.

Moreover, interleukin-1, interleukin-6 and substance P levels were all reduced
from 330 to 80pg/ml, from 239 to 76pg/ml, and from 180 to 54pg/ml, respectively,
in the first 90-minute treatment. Tumour necrosis factor-alpha (TNF-α) was also
reduced from 305 to 78 pg/ml. During the same time period, both β-endorphin
and cortisol increased from an average of 8.2 to 71.1 pg/ml, and 14.7 to 105.3
µg/ml, respectively. These improvements in pro-inflammatory cytokines and pain
biomarkers were statistically significant.

Lung cancer patients exhibit various immune abnormalities, including cellular
immune dysfunction, alterations in cytokines, microcirculatory disturbance and
antigen presentation defects (Dasanu et al., 2012; Micheli et al., 2012).
Intervention in patients with lung cancer usually involves surgical removal of the
tumour, with a concomitant lymphadenectomy. The immune abnormalities are
exacerbated by postoperative pain and surgical trauma, which may predispose
patients to septic complications, multiple organ dysfunction, tumour spread or



metastases, and mortality (Boboxea et al., 2012; Leaver et al., 2000). Therefore,
it is critical to identify and implement strategies which are able to address
immune dysfunction resulting from operation in lung cancer patients.

The activation and differentiation of T lymphocytes is required for anti-infection
and anti-tumour immune responses (Ren et al., 2010). Moreover, an imbalance
in the relative levels of the various T-helper (Th) cells, including Th1, Th2 and
Th17 cells, and regulatory T (Treg) cells, has been associated with
immunological disturbances (Dai et al., 2013).

A three arm randomised controlled trial (RCT) evaluated the effects of
transcutaneous acupoint electrical stimulation (TAES) on Th1, Th2, Th17 and
Treg cells, and the expression levels of associated cytokines and transcription
factors, following thoracotomy of patients with lung cancer (Wu et al., 2016).
Thoracotomy is when a cut is made between the ribs to see and reach internal
organs. TAES is a form of electrotherapy in which specifically chosen sites of
acupuncture, termed acupoints, are stimulated for therapeutic benefits. Patients
diagnosed with lung cancer who accepted thoracotomy were included in the
study.

Patients were randomised equally into 3 groups, 1) thoracotomy; 2) thoracotomy
and false TAES; and 3) thoracotomy and TAES groups. Group 3 received TAES
at specific acupoints for 30 minutes prior to incision, and at 20, 44, 68, 92 and
116 hours following surgery. Group 2 received identical electrical stimulation to
group 3, however, TAES was performed at false acupoints. The results showed
that TAES administration in thoracic surgical patients with lung cancer increased
the percentage of Th1 and Th17 cells, the protein expression levels of
interleukin-2 (IL-2), interferon-γ, the mRNA expression levels of T-bet and
RAR-related orphan receptor-γt, and decreased the percentage of Th2 cells,
IL-10 protein expression levels, and GATA binding protein 3 mRNA expression
levels. Also, TAES alleviated postoperative pain and reduced analgesic
medication requirements, nausea, vomiting and infection.

The authors concluded that TAES was able to partially attenuate the
postoperative immune depression of patients with lung cancer by regulating the
balance of Th1, Th2, Th17 and Treg cells and the expression levels of related
cytokines and transcription factors. Thus, TAES can be considered a promising
strategy for the treatment of postoperative immune dysfunction in patients with
lung cancer.



Surgical procedures elicit a physiological inflammatory host response, which
comprises an intricate combination of immunological, metabolic, haemodynamic
and hormonal signals that are designed to be protective and create a
physiological milieu for promoting healing and recovery. An inflammatory
response after surgery is essential for the healing process, however, too much
inflammation can have adverse effects and significantly increases recovery time.
Regardless if the wound results from surgery or trauma, managing inflammation
is critical, as in some cases wounds do not progress to normal healing with
formation of a final mature scar, but to a continuing inflammatory process, which
can progress to chronic wounds (Rosique et al., 2015).

A prospective randomised sham-control trial (Chi et al., 2019) evaluated the
efficacy of TEAS in improving recovery in a group of elderly patients receiving
knee surgery under epidural anaesthesia. Patients were divided into two groups,
the experimental group received TEAS treatment at specific acupoints, and the
control group received sham treatment. Patients were treated for 30 minutes
prior to the epidural anaesthesia and postoperative day 1 and 2, and biomarkers
level of stress and inflammatory responses were assessed. The results showed
that perioperative (around the time of surgery) TEAS application is able to
reduce surgical inflammation and perioperative stress response, facilitating
postoperative recovery of elderly patients, especially at the early stage after
surgery.

An RCT, carried out by Fiorelli et al. (2012) evaluated the effectiveness of TENS
on post-thoracotomy pain, and assessed cytokines and pain levels, respiratory
function and analgesics medication requirements. Patients who underwent
standard posterolateral thoracotomy for resectable lung cancer were included in
the study and randomised into two groups: the experimental and placebo group,
respectively. The experimental group postoperatively received TENS therapy for
five days. In both groups serum cytokines (IL-6, IL-10, TNF-α) were measured
before surgery and at 6, 12, 24, 48, 72, 96 and 120 postoperative hours. Also,
pain score and respiratory function were assessed, and the total intake of
analgesics medication given during the postoperative period of five days was
recorded.

The results demonstrated that Serum IL-6, IL-10 and TNF-α levels and pain in
the TENS group were significantly lower compared to placebo. Also, respiratory
function improved in the TENS group and analgesic medication requirements
decreased significantly compared to placebo.



Depression is a common and serious condition that causes low mood, feelings of
sadness and loss of interest in activities. If untreated, depression can lead to a
variety of emotional and physical problems, affecting daily life. Increased
inflammatory response and an imbalance between T-helper (Th) 1 and 2
functions have been implicated in major depression (Song et al., 2009).

An RCT evaluated the relationship between pro- and anti-inflammatory
cytokines, and between Th1 and Th2 produced cytokines in depressed patients,
and assessed and compared the effect of treatments with electroacupuncture
(EA) and fluoxetine on these cytokines (Song et al., 2009). EA is an approach
that combines electrotherapy and acupuncture principles. In this integrated
approach, the electrical impulses are delivered to specific acupoints, by inserting
acupuncture needles, for therapeutic benefits (Li & Wang, 2013).

Fluoxetine is a selective serotonin reuptake inhibitor (SSRI) drug, which is
prescribed as an antidepressant. Outpatients with major depressive disorder
were included in the study, and were treated for 6 weeks with EA, fluoxetine or
placebo. A group of volunteers served as control. Hamilton Depression Rating
Scale and Clinical Global Impression were used to assess the severity of the
condition and the therapeutic effects, and serum cytokines concentrations were
measured.

The findings showed increased pro-inflammatory cytokine interleukin -1 β (IL-1
β) and decreased anti-inflammatory cytokine IL-10 in depressed patients. Also,
Th1 produced pro-inflammatory cytokines, TNF-α and interferon-γ (IFN-γ) were
decreased, while Th2 produced cytokine IL-4 and the ratio of IFN/IL-4 were
increased significantly in depressed patients. Both EA and fluoxetine treatments,
but not the placebo, reduced IL-1β concentrations in responders.

However, only EA attenuated TNF-α concentration and IFN-γ /IL-4 ratio towards
the control level. The authors concluded that in depressed patients there is an
imbalance between the pro- and anti-inflammatory cytokines (IL-1 and IL-10),
and between Th1 and Th2 cytokines (IFN-γ or TNF-α and IL-4), and that both EA
and fluoxetine had an anti-inflammatory effect by reducing IL-1 β. Furthermore,
EA treatment also restored the balance between Th1 and Th2 systems by
increasing TNF-α and decreasing IL-4.

Rheumatoid arthritis is the most commonly diagnosed inflammatory arthritis,
which typically affects women and elderly people. It is characterised by
persistent synovitis, systemic inflammation, and autoantibodies. Uncontrolled



active rheumatoid arthritis causes joint damage, disability, decreased quality of
life, cardiovascular complications and other comorbidities. Reducing synovitis
and systemic inflammation and improving function, are key objectives of
rheumatoid arthritis therapy (Scott et al., 2010). An RCT, conducted by Ouyang
and colleagues (2010), assessed the effects of EA on rheumatoid arthritis.

Patients with rheumatoid arthritis were randomly divided into an EA group and a
simple acupuncture group. They received either EA or simple acupuncture at
selected acupoints. All patients were treated once every other day, for 20 days
as one course. After three courses, changes of interleukins in peripheral blood
and joint fluid of patients were assessed.

The results demonstrated that both EA and simple acupuncture had a significant
effect on IL-1, IL-4, IL-6 and IL-10 in peripheral blood and joint fluid of patients.
However, following EA, the improvements in IL-1 and IL10 in peripheral blood
and joint fluid, as well as IL4 in joint fluid were significantly greater than those of
simple acupuncture. Changes in IL-6 and IL-10 were almost the same after both
treatments. The authors concluded that EA can effectively decrease the
pro-inflammatory cytokines of IL-1 and IL-6 and increase the inhibition cytokines
of IL-4 and IL-10, impacting on occurrence and progression of rheumatoid
arthritis.

In a subsequent RCT, Ouyang et al. (2011) evaluated the effect of EA on TNF-α
and vascular endothelial growth factor (VEGF) in peripheral blood and joint
synovial fluid in patients with rheumatoid arthritis. The patients included in the
study were randomly divided into two groups, and treated with either EA or
simple needling (SN), at selected acupoints. The treatments were administered
every other day, 10 times as a course, and each patient received a total of three
courses of treatment.

The findings showed that blood and synovial levels of TNF-α and VEGF were
reduced significantly after treatment in both groups. The lowering (absolute value
and difference value) of TNF-α as well as the absolute value of VEGF, either in
blood or in synovial fluid, were similar in the two groups. However, the lowering
of VEGF after treatment was significantly greater in the EA group, compared to
the SN group. The authors concluded that EA could effectively lower the levels
of TNF-α and VEGF in peripheral blood and joint synovial fluid, impacting on
incidence and development of rheumatoid arthritis, and enhancing the
therapeutic effectiveness.



A number of animal model studies provided further evidence that electrotherapy
is an important tool for the management of inflammation. Demir et al. (2004)
conducted an animal study and reported that MCS and laser treatment have
beneficial effects during the inflammatory, proliferation, and maturation phases of
a wound. However, MCS has more beneficial effects during the inflammatory
phase in some parameters, compared to laser treatment. The authors concluded
that both MCS and laser treatment can be used successfully in decubitus ulcers
and chronic wounds, in combination with conventional therapies such as daily
care and debridement of wounds.

The results of an RCT (Ainsworth et al., 2006) showed that either low or high
frequency TENS applied to the gastrocnemius muscle of rodents, ipsilateral to
the site of inflammation significantly reversed mechanical hyperalgesia, both
ipsilateral and contralateral to the site of inflammation. Moreover, low or high
frequency TENS applied to the gastrocnemius muscle contralateral to the site of
inflammation also reduced mechanical hyperalgesia significantly, both ipsilateral
and contralateral to the site of inflammation.

Another animal study, carried out by Wang and colleagues (2014), showed that
EA application elicits long-term antinociception, associated with peripheral opioid
peptides. Also, the treatment altered the cytokine profile towards an
anti-inflammatory pattern and augmented IFN-γ and the chemokine CXCL10
(IP-10: interferon gamma-inducible protein) and mRNA expression with
concomitant increased numbers of opioid peptide-containing CXCR3+
macrophages.

Sato and co-workers (2020) conducted an animal model study and compared
the effects of TENS, manual acupuncture (MA), and spinal cord stimulation
(SCS) on neuropathic, inflammatory, and non-inflammatory pain models. The
results demonstrated that MA was only effective in the neuropathic and
inflammatory models, while TENS and SCS were effective in all 3 models.

Considerations and conclusion

The incidence of non-communicable diseases is increasing at an alarming rate
worldwide, and many of them are linked to inflammation. Environmental
pollution, toxins, obesity, unbalanced diet, cigarette smoking and elevated
oxidative stress are all factors that contribute to the development of
inflammation. Usually, the extent and effects of inflammation vary with the cause
of the injury and the ability of the body to repair and overcome the damage.



There is now consensus in the scientific community that uncontrolled
inflammation can lead to the development of numerous inflammatory diseases.

Each inflammatory condition necessitates specific interventions for the
management of inflammation. There is evidence suggesting that electrotherapy
is effective in controlling inflammation associated with different conditions, such
as rheumatoid arthritis, fibromyalgia and erythema. Also, electrotherapy
application improves surgical inflammation and perioperative stress response,
ameliorates the balance between pro and anti-inflammatory cytokines in
depressed patients, promotes wound healing and reduces pain and
pharmacological analgesics requirements.

Electrotherapy is versatile and has been applied as stand-alone therapy, as well
as in combination with other treatments. This therapeutic tool has minimal side
effects and is easy to apply, and can be incorporated in standard interventions
for the prevention and treatment of acute inflammation and various inflammatory
conditions.
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Where to Find Further Information about Electrotherapy

● Treatment Guide and User Guide, included in the devices’ box.
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