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Abstract

People with MS commonly suffer from both nociceptive and neuropathic pain, and the latter is
often resistant to treatment, or hard to resolve due to the unwanted side-effects of most of the
appropriate drugs.

We carried out a two year pilot using the micro-current electrotherapy device, APS Therapy, to
treat pain in people with MS, at a multi-disciplinary MS Therapy Centre, in Bedford, UK.

60 people completed an 8 week course of APS Therapy three times a week to treat 94 different

pains.

Within 8 week periods, 47 people (78%) had a significant reduction in pain. Of the 94 pains, 75

(80%) had a reduction of at least one point on the Visual analogue Scale (VAS) for usual level

of pain. The average reduction in points on the VAS was 3.04 for ‘usual pain’, and 4.87 for

‘worst pain’. 31 ‘usual pain’ scores (33%) were reduced to pain free. 33 people (57%) reduced or
discontinued medications as a direct result of the effects of APS Therapy, and 33 ( not
necessarily the same) people went onto long term maintenance therapy.

Many participants reported other unexpected benefits of treatment, which impacted positively on

their quality of life.

Robust research on APS Therapy is scant, but based on the outstanding results of this pilot is a

very promising area for further research and clinical treatment.

Introduction



The problem of pain in the UK

Pain is defined as ‘An unpleasant sensory and emotional experience associated with actual or

potential tissue damage, or described in terms of such damage’ (1)

Chronic pain is defined as continuous, long-term pain of more than 12 weeks or after the time

that healing would have been thought to have occurred in pain after trauma or surgery.( 2)

Neuropathic pain is defined as pain resulting from a lesion or disease affecting the

somatosensory system.(3)

Almost eight million people in the UK have chronic pain, or an estimated one in 5 Europeans.
(4) As well as the human suffering, it also represents a significant burden to wider society and
economies. Chronic pain accounts for 4.6 million GP appointments every year at a cost of £69
million. Expenditure is on referrals, appointments, prescribing, consequences of ineffective

home prescribing and adverse events. (5)

Current medical treatment centres around medication, but drug treatments often cause unwanted
side effects or other medical problems, and the costs of drugs for managing pain alone in

England in 2009 amounted to £449 million. (6)

Access to pain management services in the UK is inconsistent, and available health services for

pain differ markedly in the type of care they offer.(7)

Although in some chronic pain clinics, TENSs, acupuncture, physical, psychological techniques,
invasive treatments, and complementary therapies are offered, availability varies widely, rates of
successful pain resolution are low, and 38% of people with chronic pain report inadequate pain

management.(8, 9, 10)



The problem of pain in MS

Estimates vary as to the proportion of people with MS who suffer from pain, with some reports

suggesting that up to 80% of people with MS may suffer from pain at some stage. (11,12,13)

People with MS commonly suffer from both types of pain; both nociceptive (‘normal’ type, after
injury or with inflammation) and neuropathic. Neuropathic pain is often characterized as
burning, severe shooting pains, and/or painful numbness or tingling. It is commonly a long term
or chronic pain, and effective treatment is difficult as the classes of drugs to which it responds
best are associated with various adverse effects. ( sedation and weight gain most commonly)

(14,15)

The aim of treatment is to minimise the level of pain and to develop coping strategies so that the
individual can carry out normal day-to-day living. Treatment options include drugs and non-

drug treatments such as physiotherapy, electrotherapy or a combination.

Electrical therapies

There are many modalities of electrical therapies currently in use within physical therapy for

pain relief and injury repair, which have been categorised into 3 broad areas(16)

Electrical stimulation agents, including Transcutaneous Electrical Nerve stimulation (TENS),
Action Potential Simulation Therapy (APS Therapy), Interferential Therapy (IFT), Functional

Electrical Stimulation (FES), and Microcurrent therapy (MCT),

Thermal modalities, including Infra red Irradiation (IFR), Therapeutic Ultrasound and Laser

Therapy, and

Non Thermal Modalities including Pulsed Ultrasound, Pulsed Electromagnetic Fields (PEMFs)

and Microcurrent Therapy (MCT)



The most commonly used form of electrotherapy in healthcare is TENS. This uses an alternating
current to affect pain gate mechanisms. A Cochrane review concludes that ‘despite the
widespread use of TENS machines, the analgesic effectiveness of TENS still remains

uncertain’(17)

We heard about some exceptional case studies carried out in Hull using the electro-therapy
Action Potential Stimulation (APS) Therapy showing effectiveness in reducing both pain and
fatigue; drastically reducing the medication used, and increasing mobility, independence and

quality of life in people with MS, (18) and decided to investigate.

APS Therapy

Action Potential Simulation (APS Therapy) is a type of micro-current therapy.
These therapies involve application of electric currents of similar form and magnitude to those
produced naturally by the body and there is evidence that this can promote healing in a variety

of damaged tissues. (19)

The APS Therapy device uses an electrical wave form that mimics, or ‘simulates’ the normal

physiological action potential of nerve conduction. The device is said to produce action
potentials that are four times stronger than those naturally occurring in the neuron. When
swelling, inflammation, poor circulation and pain occur due to mechanical, chemical or
electrical disturbances, by stimulating the body’s natural regenerative processes (as in

depolarisation), it is postulated that these conditions are encouraged to resolve. (19)

Literature review for micro-current and APS Therapy



A literature review on over 70 papers on micro-current therapy in 2009 concluded that there
was evidence for its use with non-uniting fractures, spinal fusions and skin ulcers, particularly
where other forms of treatment had not been successful; that in vitro studies also suggest that
there is unexplored potential for its use in musculoskeletal disorders. However, higher quality

and more comprehensive research is needed. (20)

An assessment of APS Therapy on 285 Patients with chronic pain in 2002 reported a mean
average VAS of 6.8 before treatment and 3.3 after treatment in the over 50s, and 6.3 and 2.2 re
in the under 50s. Out of the 285 patients, 44 (15%) ended with a ‘0’ VAS and 199 (69%) with a

score of 5 or less. (21)

A trial of APS Therapy in patients awaiting or having neurosurgery for intractable spinal pain
concluded that the number of patients treated was too low to reach a statistical conclusion, but
recommended that patients waiting for destructive surgery should first be put on a thorough trial

of APS Therapy as there appeared to be a promising trend.(22)

In a 1999 randomized, patient blinded, placebo-controlled study on 76 patients with chronic
osteoporotic back pain, reported pretreatment baseline VAS value average of of 57.79, and post-
treatment value after the sixth treatment of 9.7 (p= 0,0001); 6 patients maintained benefits 6
months post treatment.(23)

A 1999 study comparing APS therapy with TENS in 99 patients with osteoarthritis of the knee
did not find a significant difference in VAS between the two treatment groups given just 6
treatments over a 2 week period. The APS group showed a significant improvement in measures
of knee flexion and swelling that was still evident when reviewed 1 month after the last

treatment. (24)

A 2015 randomised controlled trial comparing APS Therapy with Interferential ( another micro-

current therapy) found significant reductions in both VAS and WOMAC ( arthritic symptoms)



in both groups using only 10 treatments; Timed Up and Go was also reduced in the APS

Therapy group.(25)

Methods
Sample

People with MS who presented with pain in the MS Nurse’s clinic were screened for suitability
and contra-indications, and offered the chance to trial the therapy. Pain due to spasticity/muscle
spasm, or pain whose origin was uncertain, where more investigations were needed, were

excluded.

Contra-indications include having a Pacemaker, epilepsy, pregnancy, or active cancer, or in the
past 3 months, stroke, heart attack, deep vein thrombosis or pulmonary embolus. One participant
had a baclofen pump; after discussion with the manufacturers of both devices, this was allowed
in this case. We also checked that participants felt able to drink the recommended litre and a half

of water daily during therapy.

All the participants gave their informed consent to take part in the study; it was made clear that
participation in the study was optional. 57 had MS, 3 did not. ( 2 were members of staff, and one

a volunteer.)

An 8 week course of APS Therapy, with 3 x sessions a week ideally, but often 2 or even less in
practice, was offered. This comprised of 4, back to back, 8 minute electrode placements, in a
designated clinic room at the multi-disciplinary MS Therapy Centre in Bedford, UK. We had
first one, and then 2 APS Therapy clinic machines. People who could apply the electrodes
themselves had one teaching session and then self-treated, with minimal supervision from staff;
about 30% of people needed assistance, which was given primarily by trained carers or

volunteers.



During the 8 week course, 10 people dropped out. One had headache, and one, vomiting after 1%
treatment, and decided not to proceed. Detoxification reactions (usually headache) are possible,
although not common if drinking the recommended amount of water, and are self-limiting. One
experienced flickering in her vision and decided not to proceed. Although there is no
documented precendent for this, and the cause was uncertain, electrotherapies can trigger
migraine in susceptible people. Three people became unwell, two with existing other conditions
and one with an MS relapse since starting treatment and either unable or decided not to proceed.

Four were discouraged after experiencing no benefit between 2 and 6 weeks.
60 people in this study went on to use APS Therapy to treat 94 different pains.

46 of the pains were neuropathic, including 4 sciatic type pains, and 48 were nociceptive,

including back pain, joint pain and injury, fiboromyalgia pain and headaches.

48 were women and 12 were men. The average age was 52 for women and 51 for men. 17
people had relapsing remitting MS, 40 had primary or secondary progressive, and 3 did not have

MS.

In the first year we measured pain using the visual analogue pain scale (VAS), asking each
participant to score for both for the usual, and the worst level of pain, and how much of the time
the pain was average, how much of the time worse. Medication use was recorded. In the second
year we also used the Brief Pain Inventory and Pittsburgh Sleep Scale; for the sake of coherence

this study only examines data kept for the whole duration.

Results:

In consecutive 8 week periods;

Of the 60 people, 47 (33%) had reduction in pain.



Of the 94 ‘usual pains’, 75 ( 80%) had reduction.

Of the 65 recorded ‘worst pains’, 57 (88%) were reduced.

People whose pain was Pains that were reduced
reduced.

¥ reduced - 47 mreduced -75

not reduced ® not reduced -19

-13

'Worst' pains that were reduced

® reduced -57

¥ not reduced - 8




'Usual’ pains thatwentto 0 on Worst’ pains that wentto 0 on

VAS VAS
H not pain
B not pain free - free: 75
63 pain free: 19

31 ‘usual’ pains (33%) went down to 0/10, or pain free.

19 ‘worst’ pains ( 20%) went down to pain free.

‘Reduction’ was quantified as 1 or more whole points on the VAS for pain.
Neuropathic pains appeared to respond almost as well as nociceptive pains to the treatment

33 people reduced or discontinued medication as a direct result of the results of the APS

Therapy, on reflection, with more supervision, we feel that this could have been more.

The mean pre-treatment score on the VAS for ‘Usual level of pain’ overall was 5.46. Mean

reduction in pain was 3.22 points, to a mean post-treatment VAS of 2.24

Mean pre-treatment score for ‘worst pain’ was 8.01. Mean reduction in pain was 4.78 Average to

a post-treatment VAS of 3.23.

Mean averages tend to flatten the results, which were in fact quite polarized, with some cases

having no response to treatment, and many, dramatic responses.
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To examine the response, we broke the results down into pains with typical neuropathic features,

(described as ‘pins and needles, burning, tingling, shooting, stabbing, sunburn-like’, and with no

known tissue damage or musculoskeletal cause) and those more likely to be nociceptive

(aching, throbbing, or due to injury, low back pain etc) and also into the main painful areas, for

both ‘usual’ level and ‘worst’ level of pain.

Neuropathic pain in feet and legs

There were 26 cases of neuropathic type pain in the feet and legs.

Participants’ mean pain score before treatment program was 6.06 (SD =2.22), and their mean

pain score after the program was 2.65 (SD = 2.58). A repeated measures t-test showed this

difference was statistically significant: t(25) = 5.905, p=0.001, two-tailed.
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‘Worst pain’ for neuropathic feet and legs was a pre-treatment mean of 8.3, and reduced by 4.7

on the VAS on average, to a post treatment mean of 3.6.

3 individual’s pain did not respond at all, 23 people experienced a drop of 1 or more points, and

of these, 10 people went to pain free.

Neuropathic Pain in Feet and Legs, usual level

Neuropathic Pain in Feet and Legs (worst)
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Joint pain or injury
There were 24 cases of joint pain or injury. Participants’ mean pain score before the treatment

programme was 4.95 (SD =2.73), and their mean pain score after the programme was 2.27 (SD
= 3.06). A repeated measures t-test showed this difference was statistically significant: t(23) =

4.761, p=0.001, two-tailed

‘Worst pain’ for the 16 joint type pains had a pre-treatment mean of 7.6 points on the VAS, and

fell by an average 4.5 points on the VAS to a mean of 3.2.

Actual results were quite polarised, with 6 people having no response, and 8 going to pain free.

Joint pain and injury, usual level of pain

o H o w s u @ N @m B
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Back pain
There were 18 cases of back pain. Participants’ mean pain score before going on the programme

was 6.03 (SD =1.89), and their mean pain score after the programme was 2.44 (SD = 2.64). A

repeated measures t-test showed this difference was statistically significant: t(17) = 4.459,

p=0.001, two-tailedPeople struggled to score back pain on ‘usual’ or ‘worst’, scoring it just for

‘usual’ for when it occurred.

4 people’s pain got worse, one was unchanged, 13 benefitted, and of these, 6 went to pain free.

Back pain, usual level
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Headaches

4 people were treated for headaches. The mean pre-treatment VAS was 4.6, dropping by an average

of 3.9 points to a post-treatment average of 0.8. Severity scores did not capture the reduction in

frequency, which was very dramatic.

Headaches

m Before

I After
1 2 3 4
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Other neuropathic or nerve pain

There were 16 cases of neuropathic pain of the trunk, arms, hands and face.

Participants’ mean pain score before the programme was 5.38 (SD =2.54), and their mean pain

score after the programme was 1.75 (SD = 1.68). A repeated measures t-test showed this

difference was statistically significant: t(15) = 4.310, p=0.001, two-tailed.

Mean average for ‘worst pain” was 8.2, reducing by 5.4 points to a mean of 2.8 post-treatment

14
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‘Other’ nociceptive pains

There were 6 cases of ‘other’ nociceptive pain.

Participants’ mean pain score before the programme was 4.09 (SD =1.86), and their mean pain

score after the programme was 2.08 (SD = 2.06). A repeated measures t-test showed this
difference was not statistically significant: t(5) = 2.148, p=0.085, two-tailed, probably due to the
small sample size. 2 cases of muscle fatigue type pain and one pain from metalwork post pin
and plate, did not respond to treatment. 1 psoriasis pain and 1 varicose vein pain, and 1 case of

aching arms, had a significant reduction in pain, 2 went to 0 points on the VAS.

'‘Other' nociceptive
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‘Other benefits’

In our study’s population of people with MS, there were many self-reported ‘other benefits’

perceived to be a result of the therapy, which we had not kept outcome measures for. These

included:
e Improvement in mobility x 11 ( some in hand dexterity, some walking)
e Increase in energy, reduction in fatigue x 4
e Reduction in swollen/discoloured legs & ankles x 3
e Alleviation of life-long insomnia x 2
e Cessation of recurrent UTIs during treatment x 4

e Disappearance of swollen glands on neck x 1

e Cessation of ‘fluid on skull’ sensation x 1

e Reduction in dizziness X 2

e Reduced ‘cognitive fog’ x 2

e Reduction in stiffness/spasm x 7

e Improvement in bowel function x 1

Improvement in sleep quality and quantity

Improvements in sleep quality and quantity occurred on such a regular basis that after one year
we began to record using the Pittsburgh sleep scale, along with outcome measures on the effect

of pain on everyday life and mood, which will be analysed in another paper.
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Discussion

For this exploratory pilot study, there was no control group, and many possible variables. Data
was collected in the course of a working clinic, by the clinicians and staff on the treatment team,

which can introduce bias to the results.

The introduction of other new therapies or treatments ( eg physiotherapy, changes to medication
regimes) was avoided where possible during the trial period, ( except for the reduction or

withdrawal of analgesics), but not banned.

Our sample, as typical in MS, often had to cancel appointments due to health problems,

transport or general difficulties, but still achieved significant results.

It was interesting to note that effectiveness was similar between the neuropathic and nociceptive

type pains when using APS Therapy in MS.

The mode of action of APS Therapy is not fully understood. In nociceptive pain, injury or
disease can cause oedema, inflammation, neuronal dysfunction, circulatory disturbance and lack
of oxygen supply to the tissues or organ systems. Inflammation in tissue also promotes the
build-up of chemicals, known as the “inflammatory soup” which may interfere with neural
transmission.

If there is poor transmission or even cessation of activity along the neuron, as a result of injury,
inflammation, or disease process, the system cannot conduct its action potentials, and the
homeostatic and regenerative mechanisms are disturbed. In MS, the normal conduction of action
potentials is detrimentally affected by the loss of myelin, and this may explain way some,
although not all, people with MS experience additional benefits with APS Therapy.

It has been postulated by Papendorp (25) that introducing external action potentials through the
use of APS Therapy may result in the metabolic catabolism and subsequent excretion from the

body of inflammatory substances. As inflammatory metabolites may be a major cause of pain,

18



removing the cause allows for pain reduction. Circulation is also improved and thus antibodies,
enzymes, neurotransmitters and hormones are conveyed at an increased rate to the treated area,
stimulating the body’s own healing mechanisms.

In our study, people with nociceptive pain or injury were far more likely to obtain a lasting or

curative effect on their pain.

In cases of neuropathic pain, the model of enhanced removal of inflammatory compounds is not

so viable. It is well known that the release of neurotransmitters, including the body’s own pain

regulating agents, is stimulated by the electrical discharge of action potentials along nerve cells,
and voltage gated ion channels remain a key research priority for the pharmaceutical industry.
Recent research by Cho et al, (27) suggests that stimulation of action potentials creates an
increase in spontaneous neurotransmitter release by pre-synaptic neurons that stays elevated
well after the stimulation has ended. This mechanism would correspond with the effects we have
seen in neuropathic pain, which tend to respond well, with a waning effect necessitating

treatment every 7™ day to retain pain relief.

One of our concerns when starting this project was the provision of long term maintenance
therapy, should this be required. In face we found that people in need of maintenance were able
to reduce the frequency of their treatment to once a week, or in one case once fortnightly, and
still retain the effect, and we have been able to continue to provide a maintenance service. 33
participants, predominately with neuropathic pain, have continued with long term maintenance

of APS Therapy.

Conclusion
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APS Therapy seemed to be a safe and effective therapy to try in cases of both neuropathic and

nociceptive pain. Statistical testing proposed effectiveness in all but the smallest sample ( ‘other

nociceptive pain’ ) Participants in this study, most of whom had MS, had a significant reduction

in pain using APS Therapy in 78% of cases. The therapy was safe, and in the main, people were
extremely happy with this mode of treatment, preferring it to drug therapy, and in some cases

reducing and discontinuing analgesic drugs as a result.

We hope that by presenting our pilot study of an APS Therapy service in the context of

available research on the subject, we can stimulate further clinical use and research.
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