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Connectivity alterations in large-scale functional networks in
complex regional pain syndrome: A resting-state fMRI study

TET7=F NHVFA
Epifanio Bagarinao

Associate Professor
Brain and Mind Research Center
Nagoya University

Minoru Hoshiyama
Professor, Brain and Mind Research Center
Nagoya University

Hitoshi Hirata
Professor, Department of Personalized Medical Technology
Nagoya University Graduate School of Medicine

Complex regional pain syndrome (CRPS) is a
neuropathic pain disorder marked by severe, persistent
pain accompanied by widespread sensory, motor,
autonomic, and emotional disturbances. These diverse
symptoms suggest dysfunction in integrative hub
regions responsible for coordinating information across
multiple modalities. Although previous neuroimaging
studies have documented structural and functional
brain abnormalities in CRPS, most have focused on
isolated regions or networks, leaving whole-brain and
cross—network alterations less understood.

In this study, we investigated large—scale functional
network alterations in CRPS using resting-state
functional MRI. We hypothesized that patients would
exhibit disrupted connectivity not only within primary
processing networks (sensorimotor, auditory, visual)
but also within higher-order cognitive networks
including default mode, executive control, salience
networks. We further predicted that connector hubs
with extensive cross—network connectivity would
be particularly affected, potentially compromising
integrative brain functions contributing to the wide
range of symptoms observed in CRPS.

Structural and resting-state functional MRI data from
23 patients with CRPS and 23 age- and sex—matched
healthy controls were used in the analysis. To identify
structural and functional connectivity changes in
patients with CRPS compared to healthy controls, we
used voxel-based morphometry, dual-regression, and
functional connectivity overlap ratio (FCOR) analyses.
FCOR analysis was also used to identify affected hub
regions.

19

Our results showed that structural changes were
restricted to a few cortical regions including
the right anterior insula where the reduction in
gray matter volume correlated with greater pain
intensity. Functionally, primary processing networks
(sensorimotor, visual, and auditory) exhibited the
most pronounced within-network connectivity
disruptions. Across the whole brain, we observed
higher cross—network connectivity among primary
processing networks, among different components
of the default mode network, between default mode
and executive control networks, and between salience
and visual networks. By contrast, lower connectivity
was observed between salience and executive control
network as well as default mode network and between
primary processing and default mode networks. These
findings are summarized in Figure 1. FCOR analysis
further revealed hub regions with unusually widespread
connectivity across multiple large—scale networks.

Taken together, our findings suggest that CRPS is
characterized by more complex connectivity alteration
patterns across the whole brain involving primary
processing systems as well as the core neurocognitive
networks, underscoring the multifaceted nature of
CRPS and highlighting the need for network-level
frameworks in understanding its pathophysiology.

Related Presentations

1. E. Bagarinao, et al., Functional connectivity alterations in
complex regional pain syndrome: A resting-state functional
MRI study, 48th Annual Meeting of the Japan Neuroscience
Society, Niigata, Japan, July 24 — 27, 2025

2. E. Bagarinao, et al., Investigating whole-brain network
changes in complex regional pain syndrome using resting—
state functional MRI, BrainConnects2025, Manila,
Philippines, October 6 — 8, 2025

Connectivity Alterations Across the Whole Brain in CRPS
Core Neurocognitive Networks

igfer w[!nec
It pain score
igher pi 4
s

Primary Processing Networks

|

MOTE praserve,
twer pain scofe

Blue: Lower FC in CRPS Red : Higher FC in CRPS

Figure 1.

Connectivity alterations in large-scale functional networks
in CRPS involving the primary processing and the core
neurocognitive networks. Abbreviations: Aud, auditory
network; DMN, default mode network; ECN, executive
control network; FC, functional connectivity; Sal, salience
network; SMN, sensorimotor network; Vis, visual network.
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LATHRIR S . PN ORIRIEER &+ U ICiE 2 2
[neurofluid dynamics] &\ 9 il 2> b DHFSE 25 &
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T25RFH FLAIR & BRAETE 5 % fE 5 & o TR AT 52 5
SRR P I B1ER S 2 BRI A3 IR E BE o
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RSN TV, MT298FH FLAIR I % w7858
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B IF4ERD LRI L Tl D . IRERAIIRRIEER <0 I
MERRBEM D 2t % S L T 2 T REME 2R &
Y, S LITHRT O TR, BT HRPITIEE L 72
BRI OWIRA M ORG/$E — 2 ITE B LT
ToTWwd, FEREIESTAIOESZ, LR
contrast shift index 13, SIRFHIRIFAREE DRI Y > /¢
A H 0 R AR I SR PR IVE O & 523 TR & W o T2 I
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—75. PEBUMRI % F W 72 ik ) B R B e Al 12 D
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the perivascular space (DTI-ALPS) 7 1. ¥ P&
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WENRBIT ST L MET LTz, Z OfsR. ALPS-
index 13 AR & B OB 2R U, AR RERRI [ 35
X CHERRAYER L IEOMBEZ /R LT 2 &2 b, HEHRIR
RE O UE DI E R BN R 12528 3 5 W RE M AURIR &
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FHHERIZOVWTHME 2D TWD, FIZEVERER
IR SRR A B R 2 4 & L 72 /AT T, ALPS-
index A3 I/ R P J5 1) DHREL IS VT T & S PR % &
O HEMRAEREE OIRER OB R 5 2 LA
RENT, —H. MEWITEE L 7z variant ALPS
index o AT T I3 L8 JE PR IEE 5 1) o RN BR 0 D B -
DIWERR S A, ALPSTEIR 23 B E ARAMENH IR % 38 2 7K
BB % R L C W 2 ATBEME AR & 72 O,

Inb oWy EELE LT, KA ITER K
WiER X CHRBEFBROBE % AN IS
% MOONLIGHT (Multimodal Observation Of
NeurofLuid through Imaging-based GlympHatic
Transport) fF %2 % #E#E L T 3, AK#FZE T DTI-
ALPS 2Nz FRA& AT, A5 PR, free
water imaging. arterial spin labeling 7 & #%(d MRI

#ifi 3~ % diffusion tensor image analysis along
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1. Naganawa, S., et al., Parasagittal Cystic Lesions May Arise
from the Pial Sheath around the Cortical Venous Wall. Magn
Reson Med Sci, 2023. 22 (1) : p. 143-146.

2. Naganawa, S., et al., Association between the Putative
Meningeal Lymphatics at the Posterior Wall of the Sigmoid
Sinus and Delayed Contrast-agent Elimination from the
Cerebrospinal Fluid. Magn Reson Med Sci, 2024. 23 (1) : p.
80-91.

21

.Naganawa, S., et al., Peripheral Retinal Leakage after

Intravenous Administration of a Gadolinium-based Contrast
Agent: Age Dependence, Temporal and Inferior Predominance
and Potential Implications for Eye Homeostasis. Magn Reson
Med Sci, 2023. 22 (1) : p. 45-55.

. Naganawa, S., et al., Ocular Solute Movement Direction

and Intracranial Clearance via Vitreous Gadolinium-based
Contrast Agent MR Imaging: Potential as a Novel Biomarker
for Glymphatic Dysfunction. Magn Reson Med Sci, 2026. 25
.

. Taoka, T., et al., MR Imaging Indices for Brain Interstitial

Fluid Dynamics and the Effects of Orexin Antagonists on
Sleep. Magn Reson Med Sci, 2025.

. Taoka, T., et al., Contribution of white matter microstructure

to diffusion tensor image analysis along perivascular space
in obstructive sleep apnea. Jpn J Radiol, 2025. 43 (12) : p.
1926-1941.
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i £ 4 15 1k JiE (tuberous sclerosis complex: TSC) 1.
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% & MRI THERR & 2 SUEASEIARRR I /NS < 7 216
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