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Chronic pain remains one of the most 
frequent, and frustrating challenges of 
modern medicine. While recent dec-
ades have witnessed huge progress in 
combating such age-old foes as inflam-
matory joint disorders and even the 
fields of oncology and haematology 
are making progress head-over-heals, 
patients suffering from chronic pain, 
and particularly chronic widespread 
pain, with all its perplexing comorbidi-
ties, continue to be treated on a highly 
empirical and only partially successful 
basis. The reasons behind this reality 
are far from clear. To some extent one 
might speculate on the societal chang-
es which have taken place over years 
in this aspect; what once would have 
been considered a condition calling for 
a stiff-upper-lip and stoic acceptance, 
now has gradually been recognised as 
a medically unmet problem with far-
reaching effects on all aspects of hu-
man health and function. Notably, as 
chronic pain remains a condition with 
a clear female preponderance, it is 
tempting to speculate on how gender-
bias may have reflected on resource-
allocation and scientific focus into this 
area. Nonetheless, as Bob Dylan stated 
(so-many years ago) – the times they 
are a-changin. Currently, chronic pain, 
of which fibromyalgia remains a quin-
tessential example, has at long last been 
recognised as a major healthcare issue 
to be dealt with, studied and taken se-
riously. Moreover, the huge economic 
impact of conditions such as fibromy-
algia are coming to be acknowledged 
(1), an awareness which should lead to 
increased investment in understanding 
the science behind chronic pain and 
what we can do to intercept it. In this 
endeavour, fibromyalgia, a condition 
which has been berated and scorned 
by many, has proved to function as a 
most useful paradigm for studying and 
understanding the neurological under-
pinnings of chronic pain. Research 

conducted on fibromyalgia patients 
more than a decade ago (2) objectively 
illustrated for the first time how pain 
processing centers in the brains of fi-
bromyalgia patients hyper-react to a 
peripheral pain stimulus, when com-
pared with normal individuals, thus 
illustrating that pain hypersensitivity 
is a neurological reality, not a myth. 
Since these ground-breaking studies 
were performed, a great deal of ad-
ditional progress has been made into 
understanding what might go wrong in 
the central nervous system of fibromy-
algia patients, and how these derange-
ments may be relevant for treatment. 
Thus, recent studies conducted on rest-
ing – state connectivity analysis, have 
demonstrated patterns of increased 
connectivity between the default mode 
network (DMN), and pain processing 
areas such as right anterior and right 
middle insula (3). Moreover, chronic 
pain intensity was associated with in-
trinsic brain connectivity. In another 
study, decreased connectivity could be 
demonstrated between pro-nociceptive 
and anti-nociceptive pain regions, and 
specific patterns could predict either 
the response to milnacipran, a no-
radrenaline – serotonin reuptake inhib-
itor or to placebo (4).
Additional exciting progress is be-
ing made through the implementation 
of other modalities as well. Magnetic 
resonance spectroscopy is a technique 
capable of measuring real – time lev-
els of specific neurotransmitters. Using 
this method, Foerster et al. were able to 
demonstrate a decrease in the concen-
tration of the inhibitory neurotransmit-
ter GABA in the right anterior insula of 
fibromyalgia patients (5), thus shedding 
light on an additional possibility for 
both developing an objective biomarker 
and for identifying a treatment – target. 
These and other lines of evidence, 
which continually forward our appre-
ciation of the complexity of the biol-
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ogy of chronic pain within the CNS,  
as well as its interaction with the au-
tonomic nervous system (6-8), make 
it ever – more tempting to search for 
novel ways in which one might be able 
to change intricate pain mechanisms 
through neuroplasticity. This concept is 
particularly appealing when one bears 
in mind that chronic pain is not “hard-
wired” into our brains. Indeed, chronic 
pain in general, and fibromyalgia in 
particular, are not congenital; these 
conditions rather evolve over lifetime, 
often in response to various external 
influences such as trauma, stress or in-
fection, thus emphasising the capacity 
of the CNS to morph and re-wire, even 
at a fully developed stage. Hence, the 
general concept of neuro-plasticity is 
almost inherent in the clinical evolu-
tion of chronic pain. 
It is on this background that hyperbaric 
oxygen therapy (HBOT) has been sug-
gested as a possible treatment for fibro-
myalgia. HBOT, which is the applica-
tion of a combination of hyperbaric 
pressure and increased oxygen content, 
has previously been shown to have the 
capacity to induce neuroplasticity in in-
jured brains even months to years after 
acute insult (9-12). In animal models, 
HBOT has been shown to have an anti-
nociceptive effect which was mediated 
through the NO-dependent release of 
endogenous opiods (13) and could be 
inhibited by naltrexone, an opiod an-
tagonist (14). Animal models have also 
demonstrated the efficacy of HBOT for 
inflammatory pain (15).
In humans, HBOT has been studied in a 
number of models of pain with encour-
aging results. As previously reviewed 
by Bennett et al., HBOT has shown ef-
ficacy in relieving acute migraine pain 
although it was not shown to prevent 
future attacks (16). HBOT has also 
been tested with some benefit in com-
plex regional pain syndrome (CRPS) 
(17) and in trigeminal neuralgia (18).
To date, two randomised controlled tri-
als have tested the efficacy of HBOT 
in fibromyalgia. In the first, 26 patients 
received fifteen 90- minute HBOT ses-
sions at 2.4 ATA over 3 weeks, while 24 
control patients breathed air at 1 ATA 
for 90 minutes (19). A significant de-
crease was observed in both the number 

of tender points as well as in the pain 
threshold in the HBOT group, com-
pared to the sham treatment group.
In the second study, which was a pro-
spective, randomised, controlled cross-
over protocol, sixty female patients 
underwent 40 90-minute sessions of 
HBOT at 2 ATA. In this study HBOT 
treatment was associated with a signifi-
cant improvement in pain thresholds as 
well as fatigue, distress and quality of 
life (20).
So how might hyperbaric oxygen be 
influencing the CNS, causing neuro-
plasticity and improving chronic pain? 
The answers to these interesting ques-
tions remain incompletely understood. 
Chronic pain has repeatedly been linked 
to the activation of immune – competent 
cells within the CNS such as microglia 
(21), leading to production of pro-in-
flammatory cytokines, chemokines and 
extracellular proteases, and at least in 
animal models HBOT has been shown 
to have positive effects on glia cell 
over-activation. Nonetheless, leaping 
to the conclusion that HBOT improves 
chronic pain through glia – deactivation 
is way beyond our current knowledge. 
Obviously what has to be done now, in 
addition to replicating previous results, 
is to further investigate the direct ef-
fects of HBOT on the available markers 
we have of deranged brain function in 
chronic pain – e.g. test how HBOT al-
ters connectivity patterns in conditions 
such as fibromyalgia, how it changes 
levels of relevant neurotransmitters, 
and to what extent these effects corre-
late with clinical change. 
Thus, while it is yet early to consider 
HBOT a standard part of treatment 
for fibromyalgia, the story of HBOT 
in chronic pain appears to have many 
chapters and sequels to anticipate. Ul-
timately, one would aspire to under-
stand specifically what neuroplasticity 
means in the context of HBOT, and 
which targets are being affected in the 
CNS of fibromyalgia patients receiving 
this treatment. Issues such as safety and 
long-term outcome (including the need 
for maintenance treatment) also need to 
be clarified. Nonetheless, HBOT may 
eventually gain its due place in the ar-
mamentarium of physicians and pa-
tients struggling with chronic pain. 
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