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ditorial comment

mportant new insight in pain and pain treatment induced changes in
unctional connectivity between the Pain Matrix and the Salience,
entral Executive, and Sensorimotor networks
tephen Butlera,b,∗

Multidisciplinary Pain Center, Academic Hospital, Uppsala, Sweden
Department of Family and Preventive Medicine, Uppsala University, Uppsala, Sweden
Kolesar et al. [1] are to be congratulated on this article, which
oes one step beyond their original article [2] in analyzing brain
ctivity at rest in patients with Failed Back Surgery Syndrome
FBSS). Together, data from both articles help us to understand

ore about brain function in chronic pain but also what might set
BSS apart from other forms of chronic pain. The original article
ooked at alterations in the Default Mode Network (DMN) using
unctional magnetic resonance imaging (fMRI). Reading these and
ther pertinent articles is rather difficult for those of us not famil-
ar with brain neuroanatomy, neurophysiology, and the burgeoning
iterature on fMRI and Positron Emission Tomography (PET) in pain
ut it is worthwhile to persist since this field, especially that focus-

ng on brain activity at rest in chronic pain patients, is crucial to
nderstand many of the clinical signs and symptoms common to
hose with various chronic pain syndromes.

. The Default Mode Network (DMN) – “the mind in neutral”

The DMN is what the brain does at rest when there is no reason
o focus on a specific task, mental or physical – “the mind in neu-
ral” if you will. It is an activity pattern of connectivity between
arious functional brain centres and the patterns are similar in
veryone. A lot of data has been accumulated on this activity either
wake, sleeping, under anaesthesia, etc. and the data also show how
cute pain, chronic pain, and mental and physical tasks affect this
onnectivity.

In the original article by Kornelsen et al. [2], they demonstrated
hat, in contrast to a matched pain-free population, the DMN was
ess actively connected to areas of the brain not involved specifi-
ally in sensory or affective processing but was more connected to

rain areas commonly associated with pain processing and “outside
f the commonly reported DMN” [2]. This is not a new finding and
as been reported by others in a variety of chronic pain syndromes
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[3] but in the case of FBSS, the relationships seem stronger [1,2].
Kolesar et al. attribute this to higher levels of background sponta-
neous pain in this group although, unfortunately, no such data on
spontaneous pain are available from the subjects in the study [1,2].
It may be that there are other correlates to explain this in FBSS and
more research needs to be done.

The changes found here and in other pain studies on the DMN are
intuitively obvious since one would expect that patients in chronic
pain would pay attention to these symptoms and change the back-
ground brain activity that we all have when not focusing on a task
or a sensation (feeling), mental or physical.

2. The DMN, the Salience Network (SN), the Central
Executive Network (CEN), and the Sensorimotor Network
(SeN) and the “Pain Matrix”

The next step, the subject of the present article [1], was to look at
specific networks within the DMN, the Salience Network (SN), the
Central Executive Network (CEN), and the Sensorimotor Network
(SeN). The naming is apt; the SN is involved in detection of external
stimuli, the CEN is involved in cognition, and the SeN in sensory and
motor integration. As could be expected, these networks all showed
more functional connectivity than the normal controls to areas of
the brain associated with pain sensations and pain processing, the
“pain matrix”. There was also less functional connectivity to other
areas of the brain not associated with the “pain matrix”. Also not
surprising when thinking about brain function, was an intercon-
nection between the SN and the SeN implying that the brain was
considering the importance of the pain information coming in from
the periphery.

Why should this information and the accumulating informa-
tion surrounding the DMN be important for chronic pain? Similar

changes as in the first Kolesar et al. article [2] have been found in
non-specific low back pain [4], fibromyalgia [5], diabetic neurop-
athy [6], migraine headache [7], as well as in acute experimental
pain states in healthy volunteers [8].
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. Effective pain management can reverse pain-induced
hanges in the DMN

But do the modifications of brain activity at rest represent plastic
hange that is permanent? This does not seem to be the case since
reating chronic pain patients successfully with medications [9],
ith mindfulness [10] or various forms of Cognitive Behavioural

herapy (CBT) [11,12] can reduce or abolish these changes. One
opes that the authors’ next study will be to follow up this patient
ohort after spinal cord stimulation (SCS) since these subjects came
rom a clinic evaluating them for this treatment. One can postulate
hat if successful, SCS could revert the DMN to what is the normal
aseline function.

. fMRI documents how CBT, mindfulness, and ACT can
everse pain-induced changes in the DMN

The information on CBT and mindfulness are particularly impor-
ant since they both are methods for taking the focus of thoughts
rom pain to other elements of the patients’ internal and/or external
nvironment that are more important. This change in focus alone
ften allows patients to return to a more normal life. In mindfulness,
he focus is to other thoughts and sensations that allow a break
rom the focus on pain and it is intuitively obvious that activity in
he DMN would be changed connectivity to other areas of the brain
ot included in the pain matrix. The same is true for CBT.

If one considers Acceptance and Commitment Therapy (ACT), here
he purpose is to reduce the meaning of pain as a signal that the
ody is being threatened and to think of the chronic pain signals
s background noise that should not be a distraction from more
mportant things in life.

Again, it is intuitively obvious that a change in focus away from
ain would decrease the functional connectivity of the DMN to the
ain matrix and instead, to the areas which are found by fMRI in
ubjects without chronic pain.

. Grey matter changes with chronic pain can be restored
y effective pain treatment

A further point here is that most chronic pain patients complain
f difficulty in concentration, memory and various other mental
ctivities. There is data on the loss of grey matter in the cortex of
atients with various chronic pain states [13,14] that might be con-
idered the cause of the cognitive difficulties. It has been shown that
hanging the connectivity in the DMN away from the pain matrix
mproves mental functioning early. There is an effect of the success-
ul treatment for pain on grey matter volume, which increases in
atients studied after hip prosthesis surgery [15] indicating that the
hanges are reversible and not the cause of the pain but an effect.
ittle data is available on cognitive difficulties, cognitive improve-
ent and grey matter volume however.
Here, again, if the DMN is strongly connected to the pain matrix

t is obvious that this activity would distract patients from focusing

n other mental activities such as concentrating on a task, doing
imple arithmetic or other activities that need a mental focus for
ptimum performance such as driving a car which is affected nega-
ively by chronic pain [16]. When those activities are not the focus

[
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of the brain with the change in DMN, the brain cells needed for
them would atrophy leading to a loss of grey matter. Increased use
of these neglected brain areas should lead to an increase in cell mass
but this is a slow process.

6. Conclusions

The study by Kolesar et al. [1] as well as related research allow us
to have a little more information on the functions of the “black box”,
the brain, in those with chronic pain. One hopes that continued
research may give us a “grey box” where the increased knowledge
should help us to both find and understand new therapies for better
treatment of this difficult patient population.
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