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Chronic pain: Mechanisms, neuromodulation, rehabilitation strategies.
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Introduction

An in-depth systematic review illuminates the current understand-
ing of how spinal cord stimulation effectively alleviates neuropathic
pain. This work carefully details various theories, including the in-
tricate mechanisms of dorsal horn modulation, the significant in-
volvement of GABAergic and opioidergic systems, and crucial glial
cell interactions. It firmly posits that SCS’s efficacy likely stems
from multiple synergistic pathways, rather than relying on a singu-
lar mechanism [1].

Another systematic review thoroughly assesses the efficacy and
safety profiles of deep brain stimulation (DBS) when applied to in-
tractable chronic pain. The discussion delves into various critical
brain targets, such as the periaqueductal gray and the ventral pos-
teromedial nucleus. This highlights the complex neural circuits that
underpin pain processing and emphasizes DBS’s potential to strate-
gically modulate these pathways, offering significant pain relief to
select patient populations [2].

A compelling article meticulously explores the pivotal role played
by glia-neuron interactions in the complex pathophysiology of di-
verse pain states. It underscores how microglia and astrocytes are
major contributors to both central sensitization and the progressive
development of neuropathic pain, primarily through their release
of inflammatory mediators and the alteration of synaptic plasticity.
This research identifies these interactions as promising new targets
for advanced pain modulation therapies [3].

A systematic review combined with a meta-analysis rigorously
investigates the effectiveness of different rehabilitation strategies
specifically designed for chronic pain experienced after spinal
surgery. The findings consistently indicate that a multimodal reha-
bilitation approach, which integrates physical therapy, psycholog-
ical interventions, and patient education, generally yields superior
pain and functional outcomes compared to standard care or single-
modality treatments [4].

This comprehensive review spotlights the diverse and critical roles
of ion channels in both the initiation and persistent maintenance
of neuropathic pain, thereby positioning them as highly promising
therapeutic targets. It meticulously details how various channels,

including voltage-gated sodium, calcium, and potassium channels,
alongside transient receptor potential channels, become dysregu-
lated across different neuropathic conditions, and further discusses
innovative pharmacological strategies aimed at modulating their ac-
tivity for pain relief [5].

A systematic review and meta-analysis meticulously evaluates the
effectiveness of transcranial magnetic stimulation (TMS) as a non-
invasive technique for modulating pain across various chronic pain
conditions. The analysis reports that high-frequency TMS applied
over the primary motor cortex can indeed provide significant, al-
beit short-term, pain relief, suggesting its valuable potential as an
adjunctive therapy within comprehensive pain management plans

[6].

This systematic review extensively examines the efficacy and prac-
tical applications of peripheral nerve stimulation (PNS) for a range
of chronic pain conditions, encompassing both neuropathic and lo-
calized pain. It thoroughly discusses the different PNS techniques
currently available and their proposed mechanisms of action, high-
lighting its growing potential as a less invasive neuromodulation
alternative when conventional conservative treatments prove insuf-
ficient [7].

This insightful review delves into the complex and often overlooked
role of epigenetic mechanisms, which include processes such as
DNA methylation, histone modification, and the function of non-
coding RNAs, in the profound development and stubborn persis-
tence of chronic pain. It emphasizes how these intricate processes
can lead to long-lasting and fundamental changes in gene expres-
sion within the nervous system, thereby opening new and exciting
avenues for highly targeted therapeutic interventions [8].

A comprehensive review explores an array of neuromodulatory ap-
proaches, encompassing both invasive techniques like deep brain
stimulation (DBS) and spinal cord stimulation (SCS), and non-
invasive methods such as transcranial magnetic stimulation (TMS)
and transcranial direct current stimulation (tDCS), specifically for
managing post-stroke pain. It sheds light on the complex patho-
physiology of this particularly challenging condition and meticu-
lously evaluates the existing evidence for various interventions, un-
derscoring the critical need for personalized treatment strategies tai-
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lored to individual patient needs [9].

This critical article thoroughly reviews central sensitization, iden-
tifying it as a fundamental and pervasive mechanism underpinning
numerous chronic pain conditions. It elaborates on how prolonged
noxious input combined with neuroplastic changes within the cen-
tral nervous system culminates in heightened pain perception, the
experience of allodynia, and hyperalgesia, strongly advocating for
therapeutic approaches that are specifically designed to target these
central processing alterations [10].

Conclusion

This collection of research highlights multifaceted aspects of
chronic pain, from advanced neuromodulatory treatments to funda-
mental underlying mechanisms and rehabilitation strategies. Spinal
Cord Stimulation (SCS) and Deep Brain Stimulation (DBS) are pre-
sented as effective invasive neuromodulation techniques for neu-
ropathic and intractable chronic pain, respectively, acting through
complex pathways including dorsal horn modulation, neurotrans-
mitter systems, and glial interactions. Peripheral Nerve Stimulation
(PNS) and Transcranial Magnetic Stimulation (TMS) offer less in-
vasive and non-invasive options, providing targeted or adjunctive
pain relief, particularly for post-stroke pain, emphasizing person-
alized approaches. At a deeper level, the pathophysiology of pain
involves critical glia-neuron interactions, with microglia and astro-
cytes driving central sensitization and neuropathic pain through in-
flammatory mediators. Ion channels, such as voltage-gated sodium,
calcium, and potassium channels, are identified as key therapeutic
targets due to their dysregulation in neuropathic conditions. Epige-
netic mechanisms like DNA methylation and histone modification
further contribute to chronic pain by causing long-lasting changes
in gene expression. Central sensitization is underscored as a funda-

mental mechanism leading to heightened pain perception. Lastly,
multimodal rehabilitation, combining physical therapy, psycholog-
ical interventions, and education, emerges as a superior strategy for
managing chronic pain post-spinal surgery.
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