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Abstract

Laboratory Investigation of
Neuroplasticity Markers in Chronic
Pain: Correlating Pain Severity with
Functional

Chronic pain, persisting beyond the expected period of healing, leads to significant neuroplastic changes in
the brain’s structure and function. This study explores the relationship between chronic pain severity and brain
alterations, focusing on gray matter atrophy and altered functional connectivity within pain-related regions. Using
structural MRI and functional MRI (fMRI), we evaluated 80 patients with chronic pain and 40 control participants.
Significant gray matter atrophy was observed in the prefrontal cortex (PFC), anterior cingulate cortex (ACC), and
thalamus in chronic pain patients, with atrophy severity correlating with higher pain intensity scores. Functional
connectivity analysis revealed increased connectivity between the insula and ACC, associated with heightened
emotional pain processing, and decreased connectivity between the PFC and brainstem, indicating impaired de-
scending pain modulation. These findings suggest that chronic pain severity is strongly linked to neuroplastic
changes, affecting both sensory and emotional aspects of pain. The results highlight the need for clinical interven-

tions targeting pain-related brain circuits.
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Introduction

Chronic pain is a complex condition that affects millions of
people worldwide, often persisting for months or even years
after the original injury or iliness has healed. Unlike acute pain,
which is a direct response to injury and serves a protective role,
chronic pain is considered maladaptive, leading to long-lasting
discomfort and disability. The brain plays a pivotal role in pain
perception, and recent studies have shown that chronic pain
can induce profound neuroplastic changes that alter both the
structure and function of key pain-processing regions [1-5].

Neuroplasticity refers to the brain’s ability to adapt and re-
organize itself in response to various stimuli, including chronic
pain. However, in the context of chronic pain, these changes
are often maladaptive, contributing to the persistence and ex-
acerbation of pain. Previous research has identified significant
alterations in gray matter volume, cortical thickness, and func-
tional connectivity in individuals with chronic pain, particularly
in regions such as the prefrontal cortex (PFC), anterior cingu-
late cortex (ACC), insula, thalamus, and somatosensory cortex
[5-10].

The objective of this study is to investigate the relationship
between chronic pain severity and structural and functional
changes in the brain, focusing on gray matter atrophy and al-
tered connectivity. We hypothesize that more severe chronic
pain will be associated with greater gray matter atrophy and
disrupted functional connectivity, particularly in pain-modulat-
ing networks.
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Methods
Study Population

Patients: 80 individuals diagnosed with chronic pain for more
than six months were recruited for this study. The chronic
pain conditions included musculoskeletal pain, fibromyalgia,
neuropathic pain, and post-surgical pain.

Control Group: 40 healthy individuals matched for age and
gender were included as controls.

Inclusion criteria:
Age: 18-65 years.
Chronic pain lasting for at least six months.

No history of neurological or psychiatric disorders unrelated
to chronic pain.

Exclusion criteria:

Neurological disorders unrelated to pain.

History of brain surgery or significant head trauma.
Pain Severity Assessment

Visual Analog Scale (VAS): A 10-point scale used to quantify
current pain severity.

Brief Pain Inventory (BPI): This inventory assessed the im-
pact of pain on daily life activities, including mood, sleep,
and work.

Cognitive and Emotional Assessments

Montreal Cognitive Assessment (MoCA): Evaluated cogni-
tive performance, including memory, attention, and execu-
tive function.

Hospital Anxiety and Depression Scale (HADS): Measured
anxiety and depression symptoms in the study participants.

Imaging Protocols

Structural MRI: High-resolution MRI was used to measure
gray matter volume and cortical thickness. Regions of inter-
est included the prefrontal cortex (PFC), anterior cingulate
cortex (ACC), insula, thalamus, and hippocampus.

Functional MRI (fMRI): Resting-state functional MRI (rs-fM-
RI) was employed to assess functional connectivity between
key brain regions involved in pain processing and modula-
tion. Seed-based correlation analysis was used to map func-
tional connectivity patterns, with seeds placed in the PFC,
ACC, and insula.

Data Analysis

Voxel-based morphometry (VBM): Used to assess gray mat-
ter atrophy in the regions of interest.

Cortical thickness analysis: Performed using the FreeSurfer
software to measure cortical thinning in chronic pain pa-
tients.

Functional connectivity analysis: Conducted using seed-
based correlation techniques to map changes in brain net-
work activity.

Statistical analyses were performed using SPSS and MATLAB

software. Correlations between pain severity and brain changes
were calculated using Pearson’s correlation coefficients (rval-
ues), and significance was established at p < 0.05.

Results

Table 1: Brain Structure and Connectivity Changes in Chronic Pain Patients.

. . Chronic Pain Patients Correlation with
Brain Region / Network Observed Changes . . p-value
(Compared to Controls) Pain Severity (r-value)
Gray Matter Volume
Prefrontal Cortex (PFC) Significant gray matter atrophy -12.5% gray matter volume reduction r=-0.62 (VAS score) | p <0.001
Anterior Cingulate Cortex (ACC) Gray matter atrophy -9.8% gray matter volume reduction r=-0.48 (VAS score) | p=0.005
Thalamus Moderate gray matter atrophy -7.4% gray matter volume reduction r=-0.38 (VAS score) | p=0.02
Hippocampus Gray matter atrophy -8.1% gray matter volume reduction r=-0.55 (MoCA score)  p =0.003
Cortical Thickness
Prefrontal Cortex (PFC) Significant cortical thinning 0.75 mm reduction in thickness r=-0.62 (VAS score) | p <0.001
Somatosensory Cortex Cortical thinning 0.52 mm reduction in thickness r=-0.48 (BPIscore) | p=0.01
Functional Connectivity
. Increased connectivity between insula and . . .
Insula-ACC Connectivity ACC 18.5% increased functional connectivity r=0.58 (BPI score) p<0.01
. - Decreased connectivity in . . .
PFC-Brainstem Connectivity X . . 13.2% decrease in functional connectivity = r=-0.45 (VAS score) p=0.02
descending pain modulation pathway
Cognitive and Emotional Impac ts
Cognitive Impairments Higher gray matter atrophy in PFC and Lower MoCA score in chronic pain patients | r =-0.55 (PFC atrophy <0.001
(MoCA Score) hippocampus (24 vs. 28) and cognitive decline) p=m
Emotional Disturbances Higher connectivity between insula and Higher HADS score in chronic pain patients r=0.58 (insula- <001
(HADS Score) ACC (14 vs. 7) ACC connectivity) Pt
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Gray Matter Changes

e Prefrontal Cortex (PFC): Patients with chronic pain exhib-
ited significant gray matter atrophy in the PFC, with a 12.5%
reduction in volume compared to controls (p < 0.001). The
degree of atrophy was strongly correlated with pain severity
(r=-0.62).

e Anterior Cingulate Cortex (ACC): Gray matter volume in the
ACC was reduced by 9.8% (p = 0.005), and this reduction was
moderately correlated with pain severity (r = -0.48).

e Thalamus and Hippocampus: Moderate atrophy was ob-
served in these regions, with reductions of 7.4% and 8.1%,
respectively. Hippocampal atrophy correlated significantly
with cognitive impairment (r =-0.55, p = 0.003).

e Cortical Thinning

e Prefrontal Cortex: Patients showed a reduction in cortical
thickness by 0.75 mm (p <

e 0.001), correlating with higher pain intensity scores (r =
-0.62).

e Somatosensory Cortex: Cortical thinning was observed in
the somatosensory cortex, with a reduction of 0.52 mm (p =
0.01), correlating with the BPI score (r = -0.48).

Functional Connectivity Changes

e Increased Insula-ACC Connectivity: Functional connectiv-
ity between the insula and ACC was significantly higher in
chronic pain patients, with an 18.5% increase compared to
controls (p < 0.01). This increase was positively correlated
with pain severity (r = 0.58).

e Decreased PFC-Brainstem Connectivity: A 13.2% reduction
in connectivity between the PFC and brainstem was ob-
served, reflecting impaired descending pain modulation (p
=0.02).

Cognitive and Emotional Impairments

Chronic pain patients exhibited lower cognitive perfor-
mance, as measured by the MoCA, with a mean score of 24 (vs.
28 in controls), correlating with PFC and hippocampal atrophy.
Emotional disturbances, including anxiety and depression, were
more pronounced in patients, with a higher HADS score (mean
of 14) correlating with increased insula-ACC connectivity.

Discussion

The findings from this study provide strong evidence of sig-
nificant neuroplastic changes in both the structure and function
of pain-related brain regions in chronic pain patients. Gray mat-
ter atrophy in the PFC and ACC, combined with altered func-
tional connectivity between the insula and ACC, suggests that
chronic pain is associated with both sensory and emotional dys-
function. The increased insula-ACC connectivity likely reflects
enhanced emotional processing of pain, while the decreased
PFC-brainstem connectivity may underlie the impaired ability of
patients to modulate pain [10-15].

Our results are consistent with previous research dem-
onstrating gray matter loss in the PFC, ACC, and thalamus in
chronic pain conditions, such as fibromyalgia and neuropathic
pain. However, this study adds to the literature by demonstrat-
ing a direct correlation between the severity of pain and the
degree of neuroplastic change. Moreover, we observed signifi-

cant cortical thinning in both the prefrontal and somatosensory
cortices, suggesting that structural changes extend beyond gray
matter volume loss [15-20].

The functional connectivity findings underscore the impor-
tance of brain networks in pain perception. Increased insula-
ACC connectivity supports the role of the insula in integrating
sensory and emotional pain information, while the reduced
PFC-brainstem connectivity highlights a dysfunctional pain
modulation pathway, which may contribute to the chronicity of
pain [21-25].

Conclusion

This study highlights the significant impact of chronic pain on
both brain structure and function. The correlation between pain
severity and neuroplastic changes underscores the need for tar-
geted interventions aimed at modulating brain circuits involved
in pain perception and processing. Future research should ex-
plore therapeutic strategies that can reverse or mitigate these
neuroplastic changes, potentially improving the quality of life
for patients suffering from chronic pain.
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