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Chronic neuropathic pain (CNP), a complex and debilitating condition arising from
damage or dysfunction of the somatosensory nervous system, affects millions of people
worldwide [1]. Traditional pharmacologic and non-pharmacologic treatments have pro-
vided limited relief for many patients, necessitating the development of novel therapies
to improve outcomes [2]. New trends in the treatment of neuropathic pain are focused on
innovative approaches that go beyond traditional pharmacological therapies. These trends
aim to provide more effective and individually tailored treatment options for patients
with CNP.

The growing field of personalized medicine and pharmacogenomics is transforming
the way we approach CNP management. By identifying specific genetic variations that
influence an individual’s response to analgesic medications [3,4], healthcare providers can
tailor treatment strategies to optimize efficacy and minimize adverse effects. Additionally,
understanding the genetic predisposition to neuropathic pain may facilitate early interven-
tion and prevention strategies. At least 28 genes have been identified which are significantly
associated with this pathology, mainly involved in neurotransmission, immunologic re-
sponse, and metabolism [5]. A rapidly growing knowledge base on molecular mechanisms
has allowed for the introduction of gene therapy, which is a relatively new but promising
field. In the context of neuropathic pain, gene therapy seeks to target the underlying molec-
ular and cellular mechanisms that contribute to the development and maintenance of pain.
Some potential gene therapy approaches for neuropathic pain include the modulation [6]
or silencing [7] of pain-related genes or targeting ion channels [8]. Another promising
avenue is the use of gene therapy in combination with regenerative medicine approaches,
such as stem cell therapy, to promote the repair and regeneration of damaged nervous
tissue [9,10]. By introducing genes that promote nerve growth, reduce inflammation, and
modulate immune responses, gene therapy may enhance the effectiveness of regenerative
medicine in treating CNP.

For years, neuromodulation has been a vital component in treating neuropathic pain,
and recent advancements have further enhanced its effectiveness. In recent years, emerging
neuromodulation techniques have been developed to offer additional treatment options.
High-Frequency Spinal Cord Stimulation (HF-SCS) utilizes significantly higher frequencies,
up to 10,000 Hz, compared to the traditional stimulation approach, which operates within a
40 to 60 Hz frequency range. HF-SCS has been shown to provide better pain relief and fewer
side effects, such as paresthesia, compared to traditional SCS [11]. However, frequency
is not the sole parameter that has been enhanced to achieve greater efficacy. Burst Spinal
Cord Stimulation (SCS) provides stimulation in brief, high-frequency bursts instead of
continuous pulses. It has demonstrated promising results in both clinical and laboratory
environments, indicating its potential for future applications [12]. However, the spinal cord
is not the only target for stimulation when it comes to treating neuropathic pain. Dorsal
root ganglion stimulation (DRG-S) targets the dorsal root ganglion, a cluster of nerve cell
bodies in the spinal nerves, which plays a crucial role in transmitting pain signals. DRG-S
has been found to be effective in treating focal neuropathic pain conditions that are not
adequately managed by traditional SCS [13].
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On the other hand the peripheral nerve stimulation (PNS) involves the placement of
electrodes near peripheral nerves to modulate their activity. PNS is less invasive than SCS
or DBS and has been shown to be effective in treating various neuropathic pain conditions,
including post-surgical neuropathic pain and post-amputation pain [14]. However, recent
years have also seen a surge in interest regarding non-invasive stimulation techniques
for the treatment of neuropathic pain. Transcranial magnetic stimulation (TMS) is a non-
invasive neuromodulation technique. It uses magnetic fields to stimulate the brain’s pain-
processing regions. TMS has demonstrated efficacy in treating various types of chronic pain,
including CNP [15]. Transcranial direct current stimulation (tDCS) is another non-invasive
neuromodulation technique that uses weak electrical currents to modulate brain activity.
Some studies have shown that tDCS can provide pain relief in patients with CNP [16],
although further research is needed to establish its effectiveness and optimal parameters.

However, in the field of CNP pain treatment, researchers and clinicians are currently in-
vestigating a range of less conventional but promising approaches. As research continues to
evolve, these rising therapies may eventually become more widely accepted and integrated
into standard treatment protocols. Optogenetics is one of them. This technique involves the
genetic modification of neurons to make them sensitive to light. By selectively activating or
inhibiting specific neurons using light, optogenetics has the potential to provide precise and
targeted neuromodulation for the treatment of CNP [17]. The use of regenerative medicine,
including stem cell therapy [18] and platelet-rich plasma injections [19], is also gaining
popularity. These therapies aim to repair damaged nervous tissue, reduce inflammation,
and promote healing, providing a novel approach to treating the underlying cause of CNP
rather than just managing its symptoms.

Other alternative, innovative, and promising therapeutic pathways being explored
include virtual reality (VR) and digital therapeutics. VR has been shown to be effective
in reducing pain perception and improving the emotional well-being of patients after
spinal cord injury [20], while digital therapeutics, including smartphone apps and online
platforms, enable self-management and offer remote access to healthcare professionals for
the treatment of chronic pain, regardless of its cause [21].

Without doubt the complexity of neuropathic pain necessitates a comprehensive and
interdisciplinary approach to treatment. Incorporating various pharmacological, psycho-
logical, and physical therapies, multimodal pain management aims to address the multiple
dimensions of pain, including sensory, emotional, and cognitive aspects [22,23]. Collabora-
tive care involving physicians, nurses, pharmacists, physical therapists, and psychologists
is crucial in ensuring a well-rounded, patient-centered treatment plan.

The future of CNP management is promising, with ongoing research and development
of novel treatment strategies. Personalized medicine, multimodal and interdisciplinary
pain management, neuromodulation therapies, regenerative medicine, and digital thera-
peutics are transforming the way we approach this challenging condition. Embracing these
advances will be crucial in improving the quality of life for millions of individuals suffering
from CNP.

Conflicts of Interest: The authors declare no conflict of interest.
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