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Can we exploit cognitive brain
networks to treat chronic pain?
“...understanding how to
target cognitive network
dysfunction in chronic pain
will create opportunities to
develop better interventions.”
David A Seminowicz*,1 & Marta Čeko2
While research on the association between
cognitive function and pain has been continuous for decades, it has surprisingly
never been a major focus of pain neuroimaging research. Sometimes pain–cognition
interactions in acute pain are intuitive:
pain distracts away from a task, whereas
focusing on a task can reduce pain.
Presumably, these effects disappear when
the task becomes too difficult or important to ignore, or when pain is too intense
to be kept out of mind. In chronic pain,
the interaction between pain and cognitive function is more complex. Growing
evidence suggests that brain networks
involved in executive functions are disrupted in chronic pain conditions. The
abnormal activation of cognitive circuitry
does not necessarily reflect an inability to
perform difficult cognitive tasks. But it
does implicate a functional brain alteration
that has developed with the progression of
chronic pain.
Chronic pain as cognitive network
dysfunction
Here, we propose a model of chronic pain
as a brain disorder related to cognitive

network dysfunction, which is useful in
terms of understanding neurobiological mechanisms of chronic pain and for
improving interventions. This model
takes us away from more popular models
that posit chronic pain is a brain disease
involving sensory and emotional circuitry.
The focus on cognitive network dysfunction potentially has broader implications
for interventions at the level of the brain
than do models focused on emotional and
sensory dysfunction.
Sensory, perceptual and emotional components of pain are highly susceptible to
cognitive effects. Cognition can override
salience and emotional valuation of pain.
This is exploited in some nonpharmacological approaches to treating pain, such
as cognitive–behavioral therapy (CBT).
CBT focuses on reworking a cognitive
framework in which pain is perceived
by restructuring negative thoughts and
beliefs, improving coping skills and problem solving and increasing adaptive behaviors. While several trials have shown CBT
has efficacy (usually compared with waitlist groups), CBT is by no means a perfect
treatment and could likely be improved
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or redesigned. Reframing our understanding of
pain as a cognitive disorder will help us develop
interventions more precisely targeted at cognitive
network dysfunction.

“For the purpose of
developing a feasible
intervention, one region
worth focusing on is the
left dorsolateral prefrontal
cortex, which lies at the
border of extrinsic mode
network and default mode
network ... and seems to
play an important role in
cognitive dysfunction in
chronic pain.”
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Cognitive-related structural & functional
brain changes
Chronic pain is associated with structural and
functional alterations in brain regions related
to cognition. A common finding is reduced
gray matter volume (GMV) in prefrontal cortices [1] . GMV reductions in chronic pain are
often correlated with pain severity or duration,
but links to cognitive function have not been
tested extensively, although there is some evidence that impaired cognitive performance
might be related to reduced prefrontal GMV
of chronic pain patients [2] . Pain severity and
duration might be closely linked to severity of
cognitive dysfunction. GMV and other structural and functional brain differences in chronic
pain patients are often interpreted in relation to
nociceptive and emotional aspects of pain, rather
than cognitive dimensions.
There is abundant evidence of cognitive dysfunction (in the range of 5–20% reduction in
performance ability, depending on the type of
task imposed) in chronic pain and also demonstrated in animal models [3] . Aside from the indirect effects on cognition, such as sleep impairment, anxiety, distractibility, chronic pain might
in fact be a direct source of cognitive conflict.
This could explain the enhanced activity of cognitive networks when pain and cognitive task
are presented simultaneously [4] , whereby acute
phasic pain acts as a cognitive load, enhancing
the magnitude of cognitive-related activity during task performance in a frontoparietal cortical
network referred to as extrinsic mode network
(EMN; previously referred to as task-positive
network [TPN]) and even activating this cognitive network in the absence of a task. Activation
of the EMN, which includes dorsolateral prefrontal cortex (DLPFC), mid cingulate and
posterior parietal cortical regions, is associated
with greater suppression of the default mode
network (DMN), comprised of posterior cingulate, precuneus and medial prefrontal cortex.
Together, the DMN and EMN make up the
major cognitive networks.
A consistent finding across chronic pain conditions is that patients show less suppression of
DMN during cognitive tasks [5–7] , and recent
evidence suggests that patients also have less
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modulation of DMN by cognitive load [8] . This
‘hyperactivity’ of the DMN does not only occur
when patients are performing a (challenging)
cognitive task, but is also evident in the brain
at rest or in the presence of minimal attentional
load [9,10] . At the same time, increased neural
recruitment of other brain regions (commonly
in the EMN) is often observed in these patients
and interpreted as compensation for deficient
functioning of the DMN [5,6] . However, there
is also evidence for altered DMN without any
compensatory recruitment [8] , suggesting that
the attenuation of DMN suppression and modulation might not be directly linked to cognitive
dysfunction in chronic pain patients.
If the altered DMN suppression during a
cognitive task is not directly related to cognitive
dysfunction, how should we interpret these findings? DMN, sometimes referred to as the brain’s
baseline metabolic state, is active during rest and
suppressed during focused behavior. The baseline for chronic pain patients might be different
than pain-free people – they might have ongoing pain in many situations and indeed, ongoing
pain intensity has in some patients been linked
to altered DMN baseline state [11,12] . But while
the activation level of the EMN appears to be
related to cognitive demand, suppression level of
the DMN does not [8,13] . Furthermore, at least
in experimental settings, patients are typically
capable of performing a cognitive task at the
same level as healthy subjects [5,7–8] and they are
able to activate the EMN appropriately. Given
the difference in DMN activity, there must be
some cost to the pain patient. What is that cost
and how do we intervene?
In addition to an altered DMN at baseline,
another possible mechanism contributing to
cognitive dysfunction is an imbalance between
major cognitive networks. There exists some
evidence that optimal cognitive processing
depends on a balance in activity between DMN
and EMN [14] , and that this balance is under the
control of a cognitive mediator network, which
includes parts of the DLPFC and insula [15] .
Recent evidence suggests that DMN alterations
in chronic pain patients might at least in part
reflect the nonengagement of this cognitive mediator network [10] , resulting in a disrupted ‘switch’
between DMN and EMN active states. It is also
possible that the DMN alterations observed in
chronic pain are related to negative coping with
pain. DMN activity has in chronic pain patients
been linked to catastrophizing and rumination
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about pain [8,16] , and in healthy subjects to mindwandering about pain [17] . It is difficult to know
whether disrupted cognitive network function
influences pain (coping), or whether pain disrupts cognitive network fu nction, and most
likely there is a cyclic interaction.
Interventions based on cognitive network
targets
For the purpose of developing a feasible intervention, one region worth focusing on is the
left DLPFC, which lies at the border of EMN
and DMN (in fact part of it is in each network)
and seems to play an important role in cognitive dysfunction in chronic pain. Its activity is
relatively enhanced in chronic pain during a cognitive conflict task compared with controls [5,7] ,
and interventions for chronic pain increase its
GMV [5,18] . The left DLPFC is a target for repetitive transcranial magnetic stimulation treatment of major depression and has shown some
efficacy for chronic pain [19] . The mechanisms
remain unclear, but repetitive transcranial magnetic stimulation of left DLPFC might have an
effect by modulating cognitive networks. Other
ways that we can target the left DLPFC include
CBT and mindfulness meditation training [20] .
Relieving pain might work to temporarily allow
cognitive systems to take over; that is, the best
therapies might occur in pain-free states, when
pain’s influence – by whatever mechanism – on
cognitive function is minimal.
There may be even more direct ways that we
can target cognitive brain networks – rather than
a single brain node within those networks – to
alleviate chronic pain. An ideal cognitive-based
intervention for chronic pain might focus on
relaxation with autonomic feedback regulation,
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and mastery of cognitive conflict resolution
(e.g., with neurofeedback) tailored to the individual. We have only touched on a few specific
ways that cognitive network dysfunction could
be a focus for chronic pain research and intervention. A collaborative effort across research
groups and patient populations focusing on
brain mechanisms of chronic pain and recovery (i.e., using cross-sectional and prospective
designs) would allow us to identify which relevant cognitive networks are altered in different chronic pain states and how these alterations
relate to cognitive performance, with or without compensatory neural recruitment. We can
concurrently investigate how cognitive network
activity normalizes after intervention and predict treatment outcomes based on cognitive network activity, as well as how clinical outcomes
are associated with specific recovery of brain
function. While we have plenty to learn yet on
this topic, understanding how to target cognitive
network dysfunction in chronic pain will create
opportunities to develop better interventions.
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