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EEG-Detected Low Frequency Oscillations in the Medial Orbitofrontal

Cortex Are Linked to Widespread Hyperalgesia
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Background

Methods

Widespread hyperalgesia—heightened
pain sensitivity beyond the main pain
site—is a key feature of nociplastic pain
seen in conditions like chronic low back
pain (cLBP) and chronic pancreatitis
(CP). It’s linked to severe pain, disability,
and poor response to local treatments,
and may involve the medial
orbitofrontal cortex (mOFC), which plays
a role in brain-based pain modulation.

Aim

To investigate whether oscillatory
activity in the mOFC during noxious
stimulation reflects a shared
neurophysiological mechanism of
widespread hyperalgesia across chronic
pain conditions, and whether it can
predict treatment outcomes.

Results

Conclusions

Pain-free controls (n = 25)

CLBP patients (n = 42)

Pin-prick stimulations (single)
32 mN and 256 mN; 10-20 trials/stimulus/location

‘ Pin-pricks for QST

Chronic Low Back Pain Study

Continued EEG recording
during QST-testing
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High-density EEG (64-channels) R
10 minutes baseline recording :

Chronic Pancreatitis Study
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Chronic pancreatitis (n = 18)
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10-20 trials/stimulus/location

Cold pressure test
(Pain scores 0-10 on NRS)

Pin-pricks and pancreas-specific QST
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Statistical analyses: ANOVA with Tukey's post-hoc tests and linear

regression models combining EEG and QST phenotypes to predict 3-

month ERP outcomes. Predictive performance was evaluated using
adjusted R? and leave-one-out cross-validation AUC.
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Table: Patient Demographics

Pain-free Controls cLBP CcP
(n = 25) (n=42) (n=18)
Gender
- Male (%) 20 (80) 25 (60) 12 (67)
- Female (%) 5 (20) 17 (40) 6 (33)
Age (mean % SD) 46.00 +15.0 51.72 +16.5 55.2 +
15.7
Pain Score (mean *+ SD)*
- PROMIS Pain Intensity 0.28 0.8 5.61+2.3 -
- Brief Pain Inventory 2 - 4.06+24
Phenotype
- Localized Pain (%) = 30 (71)3 -
- No Hyperalgesia (%) - ] 283;:
- Segmental Hyperalgesia (%) 12 (29)2 & (dA}
- Widespread Hyperalgesia (%)

! Questionnaires distributed at baseline prior to EEG recordings.
2 Score averaged across four items (rated 0 — 10): worst, average, least and current pain.
3 Localized pain = pain ratings <2 SD below control mean to 32 mN pinprick at non-painful site.
Widespread hyperalgesia = pain ratings =22 SD above control mean to 32 mN pinprick at a non-painful site.
4 Phenotype derived from a standardized pancreatic-specific QST (P-QST) protocol.

Interaction Between EEG Marker and Hyperalgesia on Pain Change
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Left panel: Change in Brief Pain Inventory pain severity subscale at 3 months after ERP, stratified by pain
phenotypes. Negative values (median and IQR) indicate improvement in pain. Participants with widespread or
segmental hyperalgesia showed minimal or no responses while participants with no hyperalgesia exhibited better
responses, albeit with greater variability. Right panel: Post-treatment pain change (negative values indicate pain
improvement) vs. baseline EEG biomarker scores. Linear regression lines are shown for participants with and without
widespread hyperalgesia. The interaction model (EEG x widespread hyperalgesia) that incorporated the EEG marker
outperformed models based on the widespread hyperalgesia indicator alone or the 3-level pain phenotypes
(R2, justea= 71% vs. 21% and 27%) and achieved LOOCV AUC = 88% (vs. 63% and 71%).

We identified an mOFC-based EEG
biomarker of widespread hyperalgesia
that generalized across two distinct
chronic pain conditions and enhanced
treatment response prediction.

These findings suggest a shared central
mechanism of nociplastic pain and
support the use of EEG-derived
signatures to guide personalized
treatment strategies.

Future studies should validate this

biomarker in larger cohorts and explore

multimodal integration with imaging
and connectivity metrics.
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