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Abstract
Objective
Fibromyalgia (FM) is a chronic pain disorder that takes a severe physical and psychological toll on patients and
severely reduces their quality of life. In recent years, an increasing number of studies have used functional magnetic
resonance imaging (fMRI) to investigate its pathogenesis. However, a recent summary analysis of functional
connectivity in patients with FM is lacking.

Methods
We searched bibliographic databases, including PubMed, Web of Science (from inception until September 1st, 2022).
Two separate researchers assessed the bias and quality of the studies. In order to further explain the core mechanism
for FM, the abnormal brain function of FM was investigated by Activation Likelihood Estimation (ALE) analysis.

Results
Twenty-six FM publications (1,056 subjects) were eligible to be included in an ALE analysis. We found that the
anterior cingulate (ACC) and insula (Ins) were abnormally active in patients with FM. In particular, the peak
coordinates of (8,46,4) and (-46, -4,10) correspond to brain regions that were less active than healthy individuals.
Furthermore, the Z-values were 4.46 and 4.97, while the p-values were 4.06 and 3.38. Surprisingly, we found that
the degree of pain was negatively correlated with the activation of Ins (SDM-Z = -2.714).

Conclusion
This study demonstrates abnormal brain activation which could lead to increased sensitivity of pain in patients
with FM. The study sheds light on the central mechanisms of FM and provides the basis for further research.
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Introduction

Fibromyalgia (FM) is a disease with
chronic widespread pain (1), character-
ised by fatigue, sleep disorders, anxi-
ety, depression, cognitive impairment
or fibro-fog (2). Noteworthy, the preva-
lence of FM in the general population is
2-8% (3). The main explanation for the
pathophysiology of FM is central nerv-
ous system sensitisation, resulting in
sensitivity to both painful and painless
stimuli (4, 5). Furthermore, studies have
demonstrated that FM is characterised
by an unbalanced transfer of excitatory
and inhibitory neurotransmission, such
as increased glutamate/glutamine and
decreased gamma-aminobutyric acid
(GABA), resulting in increased pain
(6). Many neuroimaging studies have
supported the theory that FM is a dis-
ease in the central nervous system (7).
The brain’s functional activity would be
changed as a result of FM. According
to Schmidt-Wilcke (8), this alteration
of functional activity may reflect the
prominent role of various central nerv-
ous system levels in maintaining pain
(even in the absence of primitive no-
ciceptive stimuli) rather than inputting
persistent sense of pain from the periph-
eral, which leads to chronic stimulation
of the central pain system. Furthermore,
other signs of FM, such as anxiety and
despair, are also related to changes in
function (9, 10). Therefore, it is neces-
sary to compare the differences in func-
tional activity between patients with
FM and healthy subjects. Functional
magnetic resonance imaging (fMRI) has
made it possible to non-invasively as-
sess functional activity in the brain (11).
Thus, it has improved our understanding
of the neural networks responsible for
pain perception. Recently, an increasing
number of studies have used fMRI to
research the central mechanisms of FM.
However, a recent summary analysis of
functional connectivity in patients with
FM is lacking. We aimed to use the “ac-
tivation likelihood estimation” (ALE)
method to further describe the change of
functional activity in patients with FM.

Methods

Search strategy

We searched the PubMed and Web
of Science bibliographic databases

through November 1, 2022. The search
input was a combination of main key-
words according to the disease terminol-
ogy of FM and either one of the general
neuroimaging techniques: [“Fibromy-
algia” OR “Fibrositis”]JAND[“fMRI”
OR “functional Magnetic Resonance
Imaging”] AND [“resting state” OR
“baseline”]. For additional references,
all reviews and bibliographies of rel-
evant publications were reviewed.

Inclusion and exclusion criteria

The inclusion criteria were: (1) the ar-
ticle must include the results of a brain
imaging study; (2) whole brain analysis
was used to obtain activation results;
(3) results are reported in a standardised
coordinate space at the Montreal Neu-
rological Institute (MNI) or standard
Talairach space; (4) participants are not
currently taking psychotropic medica-
tion or receiving other types of psycho-
tropic interventions.

The exclusion criteria were: (1) no
brain imaging; (2) single case report;
(3) no statistical comparison of groups;
(4) studies only with restricted region
of interest (ROI) or volume of interest
(VOI) analysis, no whole brain analy-
sis; (5) no standard stereotactic spatial
coordinates (Talairach or MNI); (6)
connection connectivity; (7) patients
with a history of mental illness or tak-
ing psychotropic drugs or receiving
other types of psychotropic interven-
tions, such as opioid medication, anti-
convulsant agent, antidepressant drug
monoamine (tricyclic antidepressants,
dual serotonin/norepinephrine reuptake
inhibitors, benzodiazepine, selective
serotonin reuptake inhibitor, etc.).

Data extraction and

demographic characteristics

Two authors (A.H. and H.Y.) examined
the titles and abstracts to identify eli-
gible studies that met all the inclusion
criteria and no exclusion criteria. The
selection procedures for the studies are
summarised in Figure 1.

ALE analysis

We used Ginger ALE (v. 3.0.2, http://
brainmap.org) and performed an ALE
analysis of coordinates in Montreal
Neurological Institute (MNI) space
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Fig. 2. Map of abnormal brain area activation in
FM patients. The abnormal brain area activations
are the anterior cingulate cortex and insula cor-
tex. The peak coordinates of (8,46,4) and (-46,
-4,10) are lowlier activated than healthy controls.
The p-values are 4.06 and 3.38; meanwhile, the
Z-values are 4.46 and 4.97.
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Fig. 3. Activation map of brain regions that cor-
relate with pain levels. Increased pain degree
was negatively correlated with the activation in
the insula cortex (BAs 48; peak MNI coordi-
nates: x = 40,y = -8, z = -2, voxels=111, p =
0.003322482, SDM-Z = -2.714).

(12). ALE analysis is a widely used
coordinate-based analysis of neuro-
imaging data (13). The transformation
tool (Talairach to MNI) implemented in
Ginger ALE was used to convert all co-
ordinates into MNI space in the Ginger
ALE software. Then, the included co-
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ordinates were sorted based on whether
they showed increased or decreased
activation. Statistical ALE maps were
corrected using the family-wise error
rate (FWE), p<0.05. In order to set the
null distribution, 1,000 permutation
tests were performed. For illustration,
the ALE maps were imported into Man-
go (rii.uthscsa.edu/mango) as an over-
lay on a standardised MNI-normalised
template (Colin_27_T1).

Finally, we used the Seed-based d
Mapping (SDM) software to explore
possible relationships between local
brain activation levels and patient an-
thropometric and clinical characteris-
tics (age, sex, comorbidities, course of
disease, and degree of pain) (14, 15).
Statistical significance was determined
using a stringent threshold of p<0.025
and a cluster extent = ten voxels.

Results

1,056 individuals from 26 studies were
included in the analysis. The investiga-
tion discovered aberrant activation of
the anterior cingulate cortex and insula.
In particular, the peak coordinates of
(8464) and (-46,-4,10) correspond to
brain areas that were more minimally
active than healthy controls. Further-
more, the Z-values were 4.46 and 4.97,
while the p-values were 4.06 and 3.38.
The precise diagram is displayed in
Figure 2 and Table I.

Regression analysis showed that in-

creased pain degree was negatively
correlated with the activation in the in-
sula cortex (BAs 48; peak MNI coordi-
nates: x=40, y= -8, z= -2, voxels=111,
p=0.003322482, SDM-Z = -2.714; Fig.
3). We found that the age, sex, comorbid-
ities, and course of diseases had no obvi-
ous correlation with brain activation.

Discussion

This ALE analysis was designed to
evaluate brain activation changes in FM
patients. In order to gain more detailed
understanding of the underlying patho-
physiology of chronic pain syndrome,
we included brain areas with both in-
creased and decreased activation in FM
patients. Corrected by ALE multiple
comparisons, our analysis revealed the
differences between brain regions of
FM and healthy controls, including the
anterior cingulate cortex and insula.

The anterior cingulate cortex and

the inferior pain modulation system
The anterior cingulate cortex (ACC) is a
critical cortical area for pain perception,
chronic pain and emotional disturbance
(16). It can be subdivided into anterior-
middle and posterior parts. The anterior
part participates in attentional stimuli,
while the posterior area participates in
the sensory integration aspects of pain
processing (17). Furthermore, the ACC
is a very diverse cortical region in terms
of intrinsic and extrinsic connectivity
(18), which offers a physiological ex-
planation for the relationship between
pain and anxiety. Within the ACC, there
is an abundance of neurons, pyramidal
cells, projection fibres, etc. (16), con-
tributing to the tight connectivity be-
tween the layers of cells. In addition,
it transfers projections to other cortical
regions, such as the cortex, subcortical
regions and spinal cord (19).

The ACC with periaqueductal grey
(PAG) and medial prefrontal cortex
(mPFC) are key brain areas in the
downstream pain modulation system.
Together, they constitute a core net-
work with the rostroventral medulla
(RVM). They modulate pain through
their inhibitory effects on pain (20).
Surprisingly, many studies found re-
duced functional connectivity between
ACC and mPFC (19-23) and PAG (20,

Clinical and Experimental Rheumatology 2024



Brain activity changes in fibromyalgia / A. Liu et al.

Table I. Results table. Cluster-forming value: p uncorr. <0.001; cluster-level inference: p
corr. <0.05; N foci contrib.: the number of foci of the included studies which contributed

to a resulting cluster.

Cluster size

Coordinates (MNI)

Label mm3 X Y V4 P Z N foci
contrib.

anterior cingulate cortex 912 8 46 4 4.066729E-6 4.46 5

Insula cortex 768 -46 -4 10 3.3807086E-7 497 4

23-25) in patients with FM. In the
meantime, the functional connectivity
between ACC and PAG was negatively
correlated with depression (21). Con-
sistently, improved ACC/PFC func-
tional connectivity has been used as a
benchmark for good results after exer-
cise treatment in FMS patients (20).
As a whole, FM patients have consid-
erably lower functional connectivity
in the ACC, PAG, and mPFC, which
shows that the downstream pain inhibi-
tory circuit has lower functional con-
nectivity and has been disrupted and
aberrant in FM patients. This aberra-
tion weakens the body’s natural ability
to suppress pain, increasing the sever-
ity of pain perception and encouraging
more unfavourable reactions to it.

Lateral effects of the insula

The insula (Ins) plays a crucial role in
pain processing (27). On the one hand,
the anterior Ins and ACC are essential
to processing emotional pain and learn-
ing as a part of the medial pathway
(28). On the other hand, the posterior
Ins encodes pain as a part of the lateral
pain pathway, together with the primary
and secondary somatosensory cortex.
There is increasing evidence that Ins
flexibly connects attentional and emo-
tional brain regions (29), and these con-
nections are essential determinants in
the experience of factual pain.

In Ins, there is a lateralised effect whose
performance is hemispheric asymmetry
(30). Interestingly, our study revealed
that the functional connectivity ten-
dency of left and right side Ins is the
opposite. The functional connectivity
of the left Ins to the PAG (26, 28, 33,
34) and PFC (21, 26, 31-33) appeared
similarly reduced in the resting state.
Meanwhile, subjective clinical pain
levels were inversely linked with the
connectivity between the left insula
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and the PAG (33), and patients with
FM who had higher connectivity would
experience better paroxysmal effects
following treatment. On the contrary,
there was an increase in the functional
connection between the right insula
and the PAG (34, 35). Minor functional
connectivity produced more significant
analgesia following treatment (36);
higher functional connectivity between
the right Ins and cuneate lobes (37) was
associated with higher pain levels, and
the same phenomenon occurred with
the right Ins and the right intraparietal
sulcus (38).

The structural laterality of Ins is linked
to cognition and emotion, and it has
been hypothesised that changes in au-
tonomic input to the cortex physiologi-
cally underlie the lateralisation of emo-
tional processing (39). The alteration in
parasympathetic function, comprising
safety, positive effects, and approach
behaviours, is caused by direct stimu-
lation of the left Ins (40). However,
the right Ins controls the sympathetic
nervous system, which is responsible
for hunger, unfavourable emotions,
and avoidance behaviours. However,
further research is warranted to under-
stand the mechanisms underlying func-
tional connections between the left and
right hemispheres.

Anterior cingulate cortex and insula
— Functional connectivity between the
anterior cingulate cortex and insula
A close functional connectivity was
also found between ACC and Ins,
which was more potent at baseline in
patients with FM than in the healthy
group (23). Furthermore, it had also
been found that functional connectivity
between Ins and ACC was negatively
correlated with pressure thresholds
(37). Better post-treatment episodes
were related to a lower connection at

baseline (36). At the same time, thera-
peutic outcomes were predicted by the
functional connection between ACC
and Ins (40). Specifically, patients with
lesser connection would experience
more pain reduction following therapy.
Additionally, it was discovered that the
‘second pain’ (TSSP) condition, which
produced and sustained the state of cen-
tral nociceptive hyperalgesia, activated
both Ins and ACC (41). In this state, Ins
and ACC become the pathways for inte-
grating the sensory features of unpleas-
ant and painful sensations (42).

In conclusion, we could summarise
the findings that ACC and Ins have the
presence of central sensitisation in pa-
tients with FM. They are closely related
to pain and emotion in response to in-
creasing stimuli, such as pain, which
increases emotional factors in FM. This
would contribute to the development
of emotional factors in FM and further
contribute to the chronicity of pain.
These findings may enrich the central
mechanisms of FM and improve further
evidence for the relationship between
emotional factors and chronic pain.

— Anterior cingulate cortex and insula
with the network of brain regions

The ACC and Ins were closely related
to the resting-state network (DMN)
(43). The DMN has the functions of
psychological activity, including auto-
biographical memory, self-monitoring,
self-regulation and source monitoring,
and social cognitive functions. In ad-
dition, severe psychopathology is as-
sociated with an overactive and over-
connected DMN (45). Surprisingly,
the connectivity of ACC and DMN
networks could predict the effects af-
ter treatment with transcranial mag-
netic stimulation in patients with FM
(37). Specifically, prior to treatment,
the weaker the connection, the better
the effect after treatment. Furthermore,
the connection of the right Ins and the
DMN network had significantly im-
proved (43, 44). Mainly, mPFC, a cen-
tral DMN hub and explicitly involved
in self-reflection, had aberrant func-
tional connectivity with both the ACC
and Ins (26). Thus, the link between Ins
ACC and DMN is closely associated
with the central mechanism of FM.
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Meanwhile, ACC and Ins form the
core structures of the salience network
(SN), which is related to identifying
internal and external stimuli, evaluat-
ing emotion, and guiding behaviour
(45). In addition, it is a part of the neu-
ral sign of physical pain, which plays
a role in the processing of pain (47).
The central, autonomic, and peripheral
nervous systems are intricately linked
to the core of SN structures. This ena-
bles them to participate in intricate
brain and biological processes, includ-
ing memory and emotion, as well as
immunological, digestive, and cardiac
functions (48, 49). Interestingly, stud-
ies have shown that FM is associated
with the abnormality of SN (50). Spe-
cifically, SN showed more sensitivity
to emotional stimuli (51) and a more
extended pain response (52, 53). Con-
sistently, SN had increasing connectiv-
ity with DMN (33, 54). Thus, ACC and
Ins, the core structures of SN, also play
an essential role in connectivity be-
tween various brain networks. Differ-
ent brain network changes enrich the
basis for structural and functional brain
abnormalities in patients with FM.

Pain effects on the activation

of the brain in fibromyalgia

A significant finding of our study was
the correlation between increased pain
in FM patients and reduced activation
in the insula. This observation was con-
sistent with research done by Sawaki et
al. who noted that patients with insula
lesions displayed abnormally height-
ened sensitivity to pain (55). The neu-
robiological basis indicated the critical
role of synaptic plasticity in pain en-
coding, potentially altering the exci-
tation/inhibition balance in the brain
(56). As a significant cortical region,
the insula boasted highly adaptable
neuronal synapses and played a piv-
otal role in pain perception and chronic
pain (57). We could speculate that ab-
errant insula activation can influence
excitatory synaptic transmission and
neuronal excitability. Moreover, as an
integral component of the brain’s pain
processing network, the hypoactive
insula may disrupt the network’s pain
regulation, ultimately leading to in-
creased pain sensitivity.
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Conclusions

In summary, our findings indicate ab-
normal activation of the anterior cin-
gulate cortex (ACC) and insula (Ins)
in patients with FM, and further analy-
sis revealed a trend towards decreased
functional connectivity between ACC
and the downstream pain inhibitory
pathway. In addition, there is an op-
posite trend in functional connectivity
between the left and right Ins and other
brain structures. Furthermore, ACC
and Ins are found to have abnormal
connectivity with DMN. At the same
time, they are the part of SN. This study
proves that the FM pain network’s ex-
citatory and inhibitory pathways are out
of balance. It will be helpful for further
studies of the underlying causes of per-
sistent pain, anxiety and depression in
FM patients. Meanwhile, we speculate
that the hypoactive insula activation
leads to abnormalities in the pain path-
way’s regulation of pain, resulting in
increased sensitivity to pain in patients
with FM. It consistently implies that
brain structural activation and func-
tional connectivity may serve as critical
predictors for managing chronic pain in
the future.

Limitations

This analysis concentrated on abnormal
total brain activation in FM patients.
Nevertheless, because we included
only 26 studies and the heterogeneity in
trial design and demographic baseline
between studies, the results should be
interpreted with caution. Further analy-
ses by functional connection should be
performed in the future.

References

1. WOLFE F, CLAUW DJ, FITZCHARLES MA et
al.: 2016 Revisions to the 2010/2011 fibro-
myalgia diagnostic criteria. Semin Arthritis
Rheum 2016; 46(3): 319-29. https://
doi.org/10.1016/j.semarthrit.2016.08.012

2. KRATZ AL, WHIBLEY D, KIM S et al.:
Fibrofog in daily life: an examination of am-
bulatory subjective and objective cognitive
function in fibromyalgia. Arthritis Care Res
2020; 72(12): 1669-77.
https://doi.org/10.1002/acr.24089

3. CLAUW DJ: Fibromyalgia: a clinical review.
JAMA 2014; 311(15): 1547-55.
https://doi.org/10.1001/jama.2014.3266

4. CHOI W, LIM M, KIM JS et al.: Habituation
deficit of auditory N100m in patients with fi-
bromyalgia. Eur J Pain 2016; 20(10): 1634-
43. https://doi.org/10.1002/ejp.883

5. CHOE MK, LIM M, KIM JS et al.: Disrupted
resting state network of fibromyalgia in theta
frequency. Sci Rep 2018; 8(1): 2064.
https://doi.org/10.1038/541598-017-18999-z

6. POMARES FB,ROY S,FUNCK T et al.: Upreg-
ulation of cortical GABAA receptor concen-
tration in fibromyalgia. Pain 2020; 161(1):
74-82. https://
doi.org/10.1097/j.pain.0000000000001707

7.KIM J, LOGGIA ML, CAHALAN CM et al.:
The somatosensory link in fibromyalgia:
functional connectivity of the primary soma-
tosensory cortex is altered by sustained pain
and is associated with clinical/autonomic
dysfunction. Arthritis Rheumatol (Hoboken)
2015; 67(5): 1395-405.
https://doi.org/10.1002/art.39043

8. SCHMIDT-WILCKE T: Neuroimaging of
chronic pain. Best Pract Res Clin Rheumatol
2015;29(1): 29-41.
https://doi.org/10.1016/j.berh.2015.04.030

9. SUNOL M, PAYNE MF, TONG H et al.: Brain
structural changes during juvenile fibromy-
algia: relationships with pain, fatigue, and
functional disability. Arthritis Rheumatol
2022; 74(7): 1284-94.
https://doi.org/10.1002/art.42073

10. ELLERBROCK I, SANDSTROM A, TOUR J et
al.: Polymorphisms of the p-opioid receptor
gene influence cerebral pain processing in
fibromyalgia. Eur J Pain 2021; 25(2): 398-
414. https://doi.org/10.1002/ejp.1680

11. LOPEZ-SOLA M, WOO CW, PUJOL J et al.:
Towards a neurophysiological signature for fi-
bromyalgia. Pain 2017; 158(1): 34-47. https:/
doi.org/10.1097/i.pain.0000000000000707

12. EICKHOFF SB, BZDOK D, LAIRD AR et al.:
Activation likelihood estimation meta-analy-
sis revisited. Neurolmage 2012; 59(3): 2349-
61. https://
doi.org/10.1016/j.neuroimage.2011.09.017

13. TURKELTAUB PE, EICKHOFF SB, LAIRD AR
et al.: Minimizing within-experiment and
within-groupeffects in Activation Likelihood
Estimation meta-analyses. Hum Brain Mapp
2012; 33(1): 1-13.
https://doi.org/10.1002/hbm.21186

14. SHI H, YUAN C, DAI Z et al.: Gray matter
abnormalities associated with fibromyalgia: a
meta- analysis of voxel-based morphometric
studies. Semin Arthritis Rheum 2016; 46(3):
330-7. https:/
doi.org/10.1016/j.semarthrit.2016.06.002

15. RADUA J, RUBIA K, CANALES-RODRIGUEZ
EJ, POMAROL-CLOTET E, FUSAR-POLI P,
MATAIX-COLS D: Ani-sotropic kernels for
coordinate-based meta-analyses of neuroim-
aging studies. Front Psychiatry 2014; 5: 13.
https://doi.org/10.3389/fpsyt.2014.00013

16. CHEN T, TANIGUCHI W, CHEN QY et al.:
Top-down descending facilitation of spinal
sensory excitatory transmission from the an-
terior cingulate cortex. Nat Commun 2018;
9(1): 1886.
https://doi.org/10.1038/541467-018-04309-2

17. KWAN CL, CRAWLEY AP, MIKULIS DJ et al.:
An fMRI study of the anterior cingulate cor-
tex and surrounding medial wall activations
evoked by noxious cutaneous heat and cold
stimuli. Pain 2000; 85(3): 359-74. https://
doi.org/10.1016/S0304-3959(99)00287-0

18. EICKHOFF SB, LAIRD AR, GREFKES C et al.:

Clinical and Experimental Rheumatology 2024



Brain activity changes in fibromyalgia / A. Liu et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Coordinate-based activation likelihood esti-
mation meta-analysis of neuroimaging data:
a random-effects approach based on em-
pirical estimates of spatial uncertainty. Hum
Brain Mapp 2009; 30(9): 2907-26.
https://doi.org/10.1002/hbm.20718
SHACKMAN AJ, SALOMONS TV, SLAGTER
HA, FOX AS; WINTER JJ, DAVIDSON RJ: The
integration of negative affect, pain and cog-
nitive control in the cingulate cortex. Nat Rev
Neurosci 2011; 12(3): 154-67.
https://doi.org/10.1038/nrn2994

KONG J, WOLCOTT E, WANG Z et al.: Altered
resting state functional connectivity of the cog-
nitive control network in fibromyalgia and the
modulation effect of mind-body intervention.
Brain Imaging Behav 2019; 13(2): 482-92.
https://doi.org/10.1007/s11682-018-9875-3
CIFREI, SITGES C,FRAIMAND et al.: Dis-
rupted functional connectivity of the pain net-
work in fibromyalgia. Psychosom Med 2012;
74(1): 55-62. https:/
doi.org/10.1097/psy.0b013e3182408f04
ELLINGSEN DM, BEISSNER F, MOHER AL-
SADY T et al.: A picture is worth a thousand
words: linking fibromyalgia pain widespread-
ness from digital pain drawings with pain cat-
astrophizing and brain cross-network connec-
tivity. Pain 2021; 162(5): 1352-63. https://
doi.org/10.1097/j.pain.0000000000002134
GARZA-VILLARREAL EA, JIANG Z, VUUST P
et al.: Music reduces pain and increases rest-
ing state fMRI BOLD signal amplitude in the
left angular gyrus in fibromyalgia patients.
Front Psychol 2015; 6: 1051. https://
doi.org/10.3389/fpsyg.2015.01051

JENSEN KB, LOITOILE R, KOSEK E et al.:
Patients with fibromyalgia display less func-
tional con-nectivity in the brain’s pain inhibi-
tory network. Mol Pain 2012; 8: 32.
https://doi.org/10.1186/1744-8069-8-32
CEKO M, BUSHNELL MC, FITZCHARLES MA,
SCHWEINHARDT P: Fibromyalgia interacts
with age to change the brain. Neurolmage
Clin 2013; 3: 249-60.
https://doi.org/10.1016/j.nic1.2013.08.015
ARGAMAN Y, GRANOVSKY Y, SPRECHER E,
SINATA, YARNITSKY D, WEISSMAN-FOGELI:
Resting-state functional connectivity predicts
motor cortex stimulation-dependent pain re-
lief in fibromyalgia syndrome patients. Sci
Rep 2022; 12(1): 17135.
https://doi.org/10.1038/s41598-022-21557-x
DUERDEN EG, ALBANESE MC: Localization
of pain-related brain activation: a meta-anal-
ysis ofneuroimaging data. Hum Brain Mapp
2013; 34(1): 109-49.
https://doi.org/10.1002/hbm.21416

TRACEY I: Nociceptive processing in the
human brain. Curr Opin Neurobiol 2005;
15(4): 478-87.
https://doi.org/10.1016/j.conb.2005.06.010
PLONER M, LEE MC, WIECH K, BINGEL U,
TRACEY I: Flexible cerebral connectivity
patterns subserve contextual modulations of
pain. Cereb Cortex 2011; 21(3): 719-26.
https://doi.org/10.1093/cercor/bhq146
DUERDEN EG, ARSALIDOU M, LEE M, TAY-
LOR MIJ: Lateralization of affective process-
ing in the insula. Neuroimage 2013; 78: 159-
75. https://
doi.org/10.1016/j.neuroimage.2013.04.014

Clinical and Experimental Rheumatology 2024

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

MOSCH B, HAGENA V, HERPERTZ S, RUT-
TORF M, DIERS M: Neural correlates of
control over pain in fibromyalgia patients.
Neuroimage Clin 2023; 37: 103355.
https://doi.org/10.1016/jnicl.2023.103355
CEKO M, FRANGOS E, GRACELY J et al.
Default mode network changes in fibromy-
algia patients are largely dependent on cur-
rent clinical pain. Neuroimage 2020; 216:
116877. https://
doi.org/10.1016/j.neuroimage.2020.116877
PUJOL J, MACIA D, GARCIA-FONTANALS A et
al.: The contribution of sensory system func-
tional connectivity reduction to clinical pain
in fibromyalgia. Pain 2014; 155(8): 1492-503.
https://doi.org/10.1016/j.pain.2014.04.028
LIT,ZHANG S, IKEDA E, KOBINATA H: Func-
tional connectivity modulations during offset
analgesia in chronic pain patients: an fMRI
study. Brain Imaging Behav 2022; 16(4):
1794-802.
https://doi.org/10.1007/s11682-022-00652-7
TRUINI A, TINELLI E, GERARDI MC et al.:
Abnormal resting state functional connectiv-
ity of the periaqueductal grey in patients with
fibromyalgia. Clin Exp Rheumatol 2016; 34
(Suppl. 96): S129-133.

SCHMIDT-WILCKE T, ICHESCO E, HAMPSON
JP et al.: Resting state connectivity correlates
with drug and placebo response in fibromyal-
gia patients. Neuroimage Clin 2014; 6: 252-61.
https://doi.org/10.1016/j.nicl1.2014.09.007
ICHESCO E, SCHMIDT-WILCKE T, BHAVSAR
R et al.: Altered resting state connectivity of
the insular cortex in individuals with fibro-
myalgia. J Pain 2014; 15(8): 815-826.¢e1.
https://doi.org/10.1016/.jpain.2014.04.007
VAN ETTINGER-VEENSTRA H, BOEHME R,
GHAFOURI B, OLAUSSON H, WICKSELL RK,
GERDLE B: Exploration of functional con-
nectivity changes previously reported in fi-
bromyalgia and their relation to psychologi-
cal distress and pain measures. J Clin Med
2020; 9(11): 3560.
https://doi.org/10.3390/jcm9113560
OPPENHEIMER SM, GELB A, GIRVIN JP,
HACHINSKI VC: Cardiovascular effects of
human insula cortex stimulation. Neurology
1992; 42(9): 1727-32.
https://doi.org/10.1212/wnl.42.9.1727

BUD CRAIG AD: Forebrain emotional asym-
metry: a neuroanatomical basis? Trends
Cogn Sci 2005; 9(12): 566-71.
https://doi.org/10.1016/j.tics.2005.10.005
STAUD R, CRAGGS JG, ROBINSON ME,
PERLSTEIN WM, PRICE DD: Brain activity
related to temporal summation of C-fiber
evoked pain. Pain 2007; 129(1-2): 130-42.
https://doi.org/10.1016/j.pain.2006.10.010
CRAGGS JG, STAUD R,ROBINSON ME, PERL-
STEIN WM, PRICE DD: Effective connectivity
among brain regions associa-ed with slow
temporal summation of C-fiber-evoked pain
in fibromyalgia patients and healthy controls.
J Pain 2012; 13(4): 390-400.
https://doi.org/10.1016/.jpain.2012.01.002
ARGAMAN Y, GRANOVSKY Y, SPRECHER E,
SINAI A, YARNITSKY D, WEISSMAN-FOGEL
I: Clinical effects of repetitive transcranial
magetic stimulation of the motor cortex are
associated with changes in resting-state func-
tional connectivity in patients with fibromyal-

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

gia syndrome. J Pain 2022; 23(4): 595-615.
https://doi.org/10.1016/j.jpain.2021.11.001
HARRIS RE, NAPADOW V, HUGGINS JP et al.:
Pregabalin rectifies aberrant brain chemis-
try, connectivity, and functional response in
chronic pain patients. Anesthesiology 2013;
119(6): 1453-64. https://
doi.org/10.1097/aln.0000000000000017
BUSH G, LUU P, POSNER MI: Cognitive and
emotional influences in anterior cingulate
cortex. Trends Cogn Sci 2000; 4(6): 215-22.
https://
doi.org/10.1016/s1364-6613(00)01483-2
FOX KC, SPRENG RN, ELLAMIL M, AN-
DREWS-HANNA JR, CHRISTOFF K: The wan-
dering brain: meta-analysis of functional
neu-oimaging studies of mind-wandering
and related spontaneous thought processes.
Neuroimage 2015; 111: 611-21. https://
doi.org/10.1016/j.neuroimage.2015.02.039
WAGER TD, ATLAS LY, LINDQUIST MA, ROY
M, WOO CW, KROSS E: An fMRI-based neu-
rologic signature of physical pain. N Engl J
Med 2013; 368(15): 1388-97.
https://doi.org/10.1056/nejmoal204471
NAGAI M, KISHI K, KATO S: Insula cortex
and neuropsychiatric disorders: a review of
recent literature. Eur Psychiatry 2007; 22(6):
387-94.
https://doi.org/10.1016/j.eurpsy.2007.02.006
NIEUWENHUYS R: The insula cortex: a review.
Progr Brain Res 2012; 195: 123-63. https://
doi.org/10.1016/b978-0-444-53860-4.00007-6
BUCKNER RL, ANDREWS-HANNA JR,
SCHACTER DL: The brain’s default network:
anatomy, function, and relevance to disease.
Ann NY Acad Sci 2008; 1124: 1-38.
https://doi.org/10.1196/annals.1440.011
PUJOL J, LOPEZ-SOLA M, ORTIZ H et al.:
Mapping brain response to pain in fibro-
myalgia patients using temporal analysis of
FMRI. PloS One 2009; 4(4): €5224. https://
doi.org/10.1371/journal .p-one.0005224
LOPEZ-SOLA M, PUJOL J, WAGER TD et al.:
Altered functional magnetic resonance imag-
ing res-onses to nonpainful sensory stimula-
tion in fibromyalgia patients. Arthritis Rheu-
matol 2014; 66(11): 3200-9. h
ttps://doi.org/10.1002/art.38781

HARTE SE, ICHESCO E, HAMPSON JP et al.:
Pharmacologic attenuation of cross-modal
sensory augmentation within the chronic
pain insula. Pain 2016; 157(9): 1933-45.
https://
doi.org/10.1097/j.pain.0000000000000593
KAPLAN CM, SCHREPF A, VATANSEVER D
et al.: Functional and neurochemical disrup-
tions of bran hub topology in chronic pain.
Pain 2019; 160(4): 973-83. https://
doi.org/10.1097/j.pain.0000000000001480
STARR CJ, SAWAKI L, WITTENBERG GF et
al.: Roles of the insular cortex in the modu-
lation of pain: insights from brain lesions.
J Neurosci 2009; 29(9): 2684-94. https://
doi.org/10.1523/INEUROSCI.5173-08.2009
CHEN Q, ZHUO M: Synaptic plasticity in the
pain-related cingulate and insular cortex.
Biomedicines 2022; 10(11): 2745. https://
doi.org/10.3390/biomedicines 10112745
LABRAKAKIS C: The role of the insular cor-
tex in pain. Int J Mol Sci 2023; 24(6): 5736.
https://doi.org/10.3390/ijms24065736

1169



