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Introduction to Pain Series — The enigma and
burden of chronic pain

hronic non-cancer pain is a global health

crisis and affects more than one-third

of the population in most countries.
Healthcare costs of managing chronic pain
exceed those spent on cancer, diabetes and
heart disease. §12 billion per year is spent
on chronic pain treatments in the UK alone.
40% of this current treatment is not effective
and patients continue to struggle with psych-
ological distress, low mood and comprom-
ised quality of life. The last few decades of
research have enhanced our understanding of
the neurophysiology of chronic pain in terms
of neural biomarkers and modulation of the
nervous system to manage pain. However
treatment options still remain limited and far
from effective.

Current pharmacological interventions even
with regular use, at their best, have shown only
an average of 30% reduction in pain symp-
toms in half of treated individuals. Opioids
remain the most efficacious analgesic medica-
tions, but long-term usage has serious adverse
effects of addiction and dependence. There
are some novel disease modifying non-opioid
and combination treatments that are being
developed and tested but are yet to be shown
to overcome the issues of side-effects and
inadequate efficacy in all individuals.

Implanted neuromodulation devices such
as spinal cord stimulators have been in prac-

tice since the 1980s. They alter neural plas-
ticity at the spinal cord level to alleviate
symptoms and have been tested in a variety
of chronic pain conditions. They lack superior
efficacy (compared to control treatments) in
most conditions except chronic intractable
neuropathic pain and this remains the only
condition for which NICE recommends their
use. The complication rate has been reported
as up to 50% and implantation is associated
with high healthcare costs (up to §10k per
device) limiting their cost-effectiveness.
Surgical interventions such as lumbar
fusion surgery and joint replacement surgery
are effective for pain relief, but not in all
patients. There is now conclusive evidence
that outcomes (effect size) are similar to
non-operative PMPs. Costs associated with
back surgery (§8k per surgery on average)
are higher than PMP costs. Joint replacement
surgery for specific pathologies such as knee
and hip arthritis are effective in providing
long-term benefits in only 80% of patients,
but significant side effects. Recent evidence
suggests that other orthopaedic procedures
such as shoulder and knee arthroscopy are no
better than placebo or exercise therapy.
Psychological therapies for chronic pain
have been extensively investigated, but with
variable results. Evidence suggests a small
(~20%) shortterm improvement in pain

post-treatment and delivery of CBT needs
skilled professionals, service resources, and
good compliance. Alternative treatments such
as Transcutaneous Electric Nerve Stimulation
(TENS), acupuncture, yoga, tai-chi and exer-
cise therapy have been shown to be effective
in some patients but again not transform-
ational in efficacy. Comprehensive Pain
Management Programmes (PMPs) that are
approved by NICE are expensive and can
cost at least §5k per individual for a 4-week
programme. The average pain reduction via
PMPs is around 35%.

Therefore, this area of medicine needs
further attention from clinicians, researchers
and funding bodies that can invest in discov-
ering novel therapeutic approaches. In this
series for ACNR, we will focus on four areas:
1) advances in understanding the neuro-
physiology of chronic pain 2) epidemiology
of chronic pain and relationship with other
symptoms such as sleep, mood and fatigue
3) biospychosocial model of chronic pain
and rehabilitation and 4) novel therapeutic
approaches to managing chronic pain,
particularly new neuromodulation treatments.
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The brain alpha rhythm In the perception and

modulation of pain

By Hasaan Ahmed, Anthony Jones and Manoj Sivan, Full author details on page 33

Abstract

Chronic pain is a major cause of disability
and healthcare burden worldwide. Despite
this, there are currently few medications avail-
able to manage chronic pain, due to poor
understanding of the underlying mechanisms.
Studies in the current literature suggest that the
brain alpha rhythm may be involved in pain
perception. There is an inverse association
between alpha activity and the perception
of acute and chronic pain, which applies
to alpha power in frontal and central brain
regions specifically. As Alpha activity increases
in frontal and central regions, pain perception
decreases. Conversely increased attention to
pain or expectation of pain suppresses alpha
activity and increases pain perception. There
is nascent evidence that increased alpha

activity by external stimuli reduces the percep-
tion of experimental pain. Future research
should investigate the potential of such novel
treatments to reduce clinical pain.

Introduction

Chronic pain is one of the most common
causes of disability worldwide.! It is estimated
that around 20% of adults in Europe suffer
chronic pain with a large disease burden
due to loss of productivity and difficulty in
successful rehabilitation of these individuals.?
Despite these issues, the mechanisms under-
lying chronic pain are poorly understood
and effective treatments are lacking. Indeed,
evidence for the effectiveness of commonly
used non-steroidal anti-inflammatories

(NSAIDs) and opioids is limited. Furthermore,
long-term use of opioids as would be required
in the treatment of chronic pain results in
dependency. A greater understanding of pain
physiology, particularly the central mechan-
isms involved, is therefore required to improve
pain management.

The alpha rhythm is one of the main EEG
rhythms and represents oscillations ranging
from 8-13Hz. Traditionally, alpha was thought
of as an “idling” rhythm as high alpha
power is associated with relaxed wakeful-
ness. However, a more active role of alpha
activity in neural processing has recently
been proposed. Alpha is actively involved in
modulation of sensory processing via a mech-
anism of functional inhibition and is thought
to reflect top down control or attentional

ACNR > VOLUME 19 NUMBER 4 > SUMMER 2020 > 31



PAIN SERIES ARTICLE

suppression.® Interestingly, studies investi-
gating EEG responses to pain suggest the
alpha rhythm may play an active role in the
processing of pain.

Alpha activity reduces in acute experi-
mental pain

There is evidence to suggest pain decreases
alpha activity through a process known as
eventrelated desynchronisation (ERD),
whereas pain relief increases alpha activity
through a process known as eventrelated
synchronisation (ERS). For example, Ohara
et al. found in four healthy subjects that
alpha ERD occurred as a response to tran-
sient noxious laser stimulation in several pain
related brain regions including the primary
somatosensory cortex and medial frontal
cortex.* Chang et al. found that the alpha
rhythm is supressed following muscle pain
but enhanced again upon waning pain in
15 healthy subjects.” These studies suggest
an inverse relationship between changes in
alpha activity in response to a painful stimulus
and the perception of pain, particularly in
somatosensory and frontal brain regions.

Enhancing alpha activity before the
onset of pain reduces pain intensity
Babiloni et al. investigated the effect of
pre-stimulus alpha during the anticipation of
pain on the intensity of experimental pain
subsequently experienced in healthy individ-
uals (n=10).° A statistically significant negative
correlation between prestimulus somatosen-
sory alpha and pain intensity ratings was found
during the early anticipation period (1 to 0.5s
before pain stimulus onset). Tu et al. in a
study involving 96 healthy individuals found a
significant negative association between alpha
power, specifically in the central brain regions
and primary sensorimotor cortex, 0.2 to 0.03
seconds before the onset of pain and the inten-
sity of pain subsequently experienced.”

Alpha activity is influenced by attention
and expectations about pain
May et al. investigated the effects of attention
on alpha power prior to the onset of noxious
stimulation.® They found that attending to
the arm when pain is expected imminently
suppresses alpha power in the contralateral
primary somatosensory cortex. Ploner et al.
found that transient pain results in bilateral
suppression of alpha activity in sensorimotor
centres.” They hypothesised that this occurs
to “open the pain gate” and draw attention
to pain so that an appropriate response can
occur. Ohara et al. and Peng et al. found that
attending to noxious stimulation results in a
larger alpha ERD and perceived pain whereas
distraction results in a lower alpha ERD and
a subsequent analgesic effect.*'® The above
studies demonstrate that attention to pain
supresses the alpha rhythm and increases
pain perception, whereas distraction from the
pain maintains the alpha rhythm and reduces
pain perception.

Another factor that might influence the
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relationship between alpha and pain is
expectations about pain. Our research group
used a placebo experiment to investigate
how expectation of pain relief can influence
resting state alpha power in 73 healthy indi-
viduals (n=73)." The study involved providing
a placebo cream and testing the alpha power
when subjected to a painful stimulus of the
same intensity before and after application
of the cream. There was an increase in alpha
power accompanied by reduced pain percep-
tion suggesting a modulation of alpha power
by reduced expectations of pain. Source
localisation estimated that the increase of
alpha originated from more frontal compon-
ents of the pain network (and not the somato-
sensory area). These findings provide correla-
tive evidence that frontal alpha is actively
involved in the top-down control of pain via
expectations about pain.

Low baseline alpha activity in chronic
pain patients

A number of studies have demonstrated that
alpha activity is reduced in chronic pain
patients compared to healthy controls.
Camfferman et al. investigated the correlation
between alpha activity and pain intensity in
a much more diverse sample of 103 patients
with chronic pain.'? They found that alpha
activity was inversely associated with pain
intensity at frontal and central electrodes.
Jensen et al. found that the proportion of alpha
activity was significantly lower in patients with
SCI and pain (n=38) compared to both SCI
patients without pain (n=16) and healthy
controls (n=28)." They however found that
absolute alpha activity in three frontal elec-
trodes was positively correlated with pain
intensity recorded. The authors hypothesised
that an increase in frontal alpha activity may
occur to suppress pain and patients with the
largest pain ratings therefore would likely
exhibit high frontal alpha activity to suppress
it. This would actually be in line with the
hypotheses made by Huneke et al. suggesting
that frontal alpha activity is involved in top
down modulation of pain and highlights that
alpha activity in frontal and somatosensory
regions may play different roles.!!

Alpha entrainment reduces the
perception of acute experimental pain
Alpha entrainment is one of the ways in
which a causal relationship between the
alpha rhythm and pain can be established.
This process involves increasing alpha activity
by providing rhythmic visual, auditory or
transcranial electrical stimulation at an
alpha range frequency." This allows cortical
neurons to synchronise with the frequency
of external stimulation, hence increasing the
activity of neural oscillations in the alpha
band. Open loop alpha entrainment involves
providing external stimulation at a pre-de-
termined fixed frequency within the alpha
band, such as 10Hz. Closed loop entrainment
involves first capturing the peak frequency of
the alpha band in each subject using EEG,

known as the individual alpha frequency
(IAF), and then providing external stimulation
at this personalised frequency.

Ecsy et al. from our research group inves-
tigated whether auditory entrainment (using
binaural beats) or visual alpha entrainment
(rhythmic visual stimulation) could increase
alpha activity and reduce the perception of
experimental acute pain in 64 healthy individ-
uals.’>!® The study involved entraining at 8Hz,
10Hz and 12Hz. We found that entrainment
using 10Hz visual stimulation resulted in the
greatest analgesic effect, reducing pain by 1.1
on the 10-point scale. Whilst this may not be
regarded as a large clinically significant effect, it
does demonstrate a proof of concept that alpha
entrainment can reduce pain perception.

Alpha entrainment reduces clinical pain
Arendsen et al. used a form of transcranial elec-
trical stimulation known as transcranial alter-
nating current stimulation (tACS) to attempt
to modulate the perception of experimental
pain in healthy individuals in conditions where
the intensity of upcoming noxious stimula-
tion was certain or uncertain (n=23)." This
crossover trial involved participants receiving
10Hz somatosensory tACS or sham stimula-
tion on separate days with a 7-day washout
period in between. The study found a signifi-
cant reduction in perceived pain intensity
and unpleasantness during the alpha tACS
compared to sham stimulation, but only when
the intensity of upcoming pressure stimulation
was uncertain. In a more recent crossover
sham-controlled study, 20 participants with
chronic lower back pain (CLBP) who received
40 minutes of alpha tACS were able to signifi-
cantly increase alpha activity in somatosensory
regions and decrease pain score compared to
sham control stimulation.”® Our recent study
on visual alpha entrainment in individuals with
chronic pain shows analgesic effect in some
individuals with chronic pain.” These findings
are of great interest as they provide strong
causal evidence that the alpha rhythm reduces
the perception of chronic pain and indicate a
possible dose-effect of increased alpha activity
on reduced pain perception.

Neurofeedback for alpha entrainment in
chronic pain

Jensen et al. investigated whether individ-
uals actively increasing alpha power using
neurofeedback techniques could reduce
chronic pain.?’ The process involves subjects
receiving biofeedback on their own EEG and
learning how to enhance certain rhythms.
They found chronic pain perception was
significantly reduced from baseline to directly
after the intervention of increasing their alpha
power. There were no significant changes
in the quality of sleep, fatigue or pain inter-
ference, suggesting the alpha rhythm may
modulate experience of pain independently
of these other factors. Our recent system-
atic review and meta-analysis concluded
neurofeedback to be a safe and effective
therapy in chronic pain.?!
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Discussion

Current evidence suggests the alpha rhythm
is a negative modulator of pain perception
and is itself negatively modulated by noxious
stimulation, attention and pain expectancy. A
model for the role of the alpha rhythm in the
perception and modulation of pain in concep-
tualised in Figure 1.

Whilst the emerging causal evidence for
the role of alpha in pain is promising, the
small sample sizes and lack of a control
group in some studies limit the confidence
in the conclusions that can be made. Larger
sham-controlled studies are required to
investigate whether alpha entrainment and
neurofeedback can increase alpha activity
and decrease perceived pain. Alpha modu-
latory studies into chronic pain should also
include participants with a variety of common
painful conditions, such as osteoarthritis,
chronic widespread pain and fibromyalgia.
Our current understanding of neurophysi-
ology supports common central mechanisms
in chronic pain irrespective of the patho-
logical diagnosis.

Further studies are also required to
establish if there is a dose-response effect
of enhancing alpha activity on pain relief.
Future studies on alpha entrainment and
neurofeedback should explore whether such
therapy can be delivered in “doses” similar to
pharmacological interventions. There is also
a possibility that those with a greater degree
of central sensitisation may respond better
to entrainment. An understanding of this will
help personalise such novel treatments based
on symptoms and optimal dose of entrain-
ment for every individual. We have recently
shown the usability and acceptability of smart-
phone-based applications for alpha entrain-
ment in individuals with chronic pain.”? We
also have ongoing clinical studies involving
the use of neurofeedback to increase alpha
activity and decrease chronic pain in our
research group.

If the underlying physiological role of the
alpha rhythm in chronic pain is confirmed,
there will be a requirement for large clinical
randomised controlled trials to assess the
efficacy, optimal dose, duration of the thera-
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rational use of existing therapies.

Figure 1: Proposed role of the alpha rhythm in the

perception and modulation of pain. Various factors

involved in the perception of pain are given and the

interactions between each are denoted by either straight

headed arrows denoting suppression or arrow headed

arrows denoting stimulation.

Key:

A — Noxious stimulation suppresses the alpha rhythm.4

B — Expectation of pain suppresses the alpha rhythm.é

C — Attention to pain suppresses the alpha rhythm.?

D — The alpha rhythm suppresses the perception of
pain.1617

E — The alpha rhythm suppresses the wider ability to form
an appropriate response to pain.?

F — Placebo suppresses the expectation of pain."

G — Alpha entrainment increases alpha power.16

H — Alpha entrainment may cause distraction and hence
suppress attention to pain.

peutic effect of each dose, and subsequently
what the optimum combinations of open or
closed loop entrainment or neurofeedback
might be and how these interact with more
conventional therapies. Clinical acceptability
studies with patients should also be performed
to determine whether potential therapies
could be tolerated, whether there are any side
effects, and how best to deliver modulation
of alpha activity in the home setting, through
alpha entrainment or neurofeedback.

Conclusions

In summary, studies suggest the alpha rhythm
may act as a top-down negative modulator
of pain and is itself negatively modulated by
attention and pain expectancy. This suggests
the alpha rhythm is a promising target for
non-pharmacological pain management strat-
egies. However, further causal evidence is
required to better establish the relationship
between alpha and pain and to determine
whether the treatment strategies of entrain-
ment and neurofeedback could be clinically
effective and individualised.
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Can a Type-2 Diabetes
Mellitus drug be hope for

Multiple System Atrophy?

Abstract

Multiple System Atrophy (MSA) is a
fatal neurodegenerative disease with a
mean survival of 10 years after symptom
onset. The pathological characteristics
of MSA are glial cytoplasmic inclu-
sions (GCls) in oligodendrocytes. There
is an urgent need to further under-
stand the pathophysiological mechan-
isms involved in MSA, and to find
disease modifying treatments which
slow disease progression. Pre-clinical
research has suggested the presence of
insulin resistance in the MSA brain and
that a type 2 diabetes mellitus (T2DM)
drug, exenatide, has the potential to be
a disease modifying treatment for MSA.
In this review, I discuss the pre-clinical
evidence for this approach in MSA
as well as propose possible outcome
measures for use in any such MSA
clinical trial.

ultiple System Atrophy (MSA)
is categorised as an atypical
parkinsonian syndrome. It is
a rare disease with an approximate
prevalence of 5 per 100,000 people
worldwide.! Patients with MSA have
an estimated median survival of 10
years after symptom onset.?>® The clin-
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ical features of MSA include autonomic
dysfunction, parkinsonism and cere-
bellar ataxia. There are two main types
of MSA which are classified depending
on the patients predominant motor
features; MSA-P is a type of MSA where
patients present with clinical signs
of parkinsonism such as tremor and
rigidity, and MSA-C is the MSA type
where patients predominantly show
features of cerebellar impairment for
example, dysarthria and ataxia.* The
pathological hallmark of MSA is glial
cytoplasmic inclusions (GCls). These
protein aggregates, which have been
found in the brain oligodendrocytes,
contain alpha-synuclein, hence MSA
is additionally known as an alpha-sy-
nucleinopathy. GCIs have typically
been found located in the areas where
neurodegeneration most occurs in the
MSA brain; namely the striatonigral and
olivopontocerebellar systems.®

MSA is a rapidly progressive disease
that currently has no disease modi-
fying treatment. Recent research into
the aetiology and pathophysiological
mechanisms of MSA has suggested the
presence of insulin resistance. A drug
licenced for treating type 2 diabetes
mellitus (T2DM), exenatide, has there-
fore been proposed to be a possible
treatment option in slowing down the
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