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Figure 1: The E-l ratio in patients with CRPS with pain VAS more (top) and less
(bottom) than 20 and controls. Top: For all electrodes, the E- ratio
was significantly different between the patient and control groups
(F (41, 16) = 3.304, p<0.0001, ANOVA) . The E-I ratio at T4 was
significantly greater in patients than in controls (p = 0.0445, FDR) .
Bottom: The E-1 ratio was lower at electrodes (*, p < 0.05, FDR) .
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Figure 2: The correlation between the mean E-1 ratio for all electrodes in each
patient and the pain VAS was significant (*p < 0.05) .
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Connector hubs are specialized brain regions
characterized by their connections with multiple large-
scale functional networks. Given their connectivity
profile, connector hubs’ involvement in various
brain disorders has the potential to affect multiple
systems. In this study, we specifically examined the
involvement of the brain’s connector hubs in essential
tremor (ET), one of the most prevalent movement
disorders characterized by progressive postural and
kinetic tremors.

Accumulating evidence has consistently implicated
the involvement of the cerebello-thalamo-cortical
network in ET. However, more recent findings using
resting—state functional MRI (rsfMRI) suggest that ET
could involve wider brain regions outside the classical
tremor axis. In addition, cognitive impairment
accompanying motor dysfunction and other psychiatric
symptoms such as depression can also occur in ET,
suggesting the involvement of other brain networks.
These observations have led us to hypothesize the
involvement of connector hubs in ET.

To test this hypothesis, we extensively examined
connectivity alterations across the whole brain to
identify regions with altered connections to several
large—scale resting state networks (RSN). We used
functional connectivity overlap ratio (FCOR), a
network metric computed from rsfMRI data, to
quantify the extent of the connection between a region
and a given RSN. Changes in FCOR values between

15

patient and control groups across multiple networks
were then identified.

Our results showed that the dentate nucleus of the
cerebellum and the dorsomedial thalamus, both
identified as connector hubs, showed significantly
more extensive connections (higher FCOR values)
with the sensorimotor network in patients (Figure 1).
In addition, the connections of the right pulvinar with
the visual network were also significantly widespread
in the patient group. Furthermore, the connections of
these connector hubs with cognitive networks were
negatively associated with cognitive, tremor, and
motor function improvement scores. Taken together,
these findings suggest that the involvement of
connector hubs in ET affects not only the sensorimotor
network but also other large-scale functional
networks, potentially affecting their normal functions.

Related Publications/Presentations

1. E. Bagarinao, et al., Cerebellar and thalamic connector hubs
facilitate the involvement of visual and cognitive networks
in essential tremor, Parkinsonism and Related Disorders 121
(2024) 106034

2. S. Kato, et al., Magnetic resonance—guided focused ultrasound
thalamotomy restored distinctive resting-state networks in
patients with essential tremor, Journal of Neurosurgery 138
(2023) 306-317

3. E. Bagarinao, et al., Involvement and potential role of the
brain’s connector hub regions in essential tremor, 46th
Annual Meeting of the Japan Neuroscience Society, Sendai,
Japan, Aug 1-4, 2023
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Figure 1. Regions with higher FCOR values with the different

networks in patients compared to controls..
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