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Introduction

Neuromodulation techniques have emerged as a significant advancement in the
management of refractory pain, offering hope to patients who have not found re-
lief with conventional therapies. These innovative approaches target the nervous
system to alter pain signals and provide symptomatic improvement. Spinal cord
stimulation (SCS) and peripheral nerve stimulation (PNS) are two prominent neu-
romodulation modalities that have demonstrated considerable efficacy in various
chronic pain conditions [1].

Spinal cord stimulation, in particular, has been extensively studied for its long-term
benefits in patients suffering from chronic non-cancer back and leg pain. Studies
have consistently reported substantial reductions in pain intensity, alongside no-
table improvements in functional capacity and overall quality of life over extended
follow-up periods, solidifying its role as a viable option for persistent pain [2].

Peripheral nerve stimulation is another key neuromodulation technique that has
garnered attention for its ability to address chronic pain. Systematic reviews and
meta-analyses have evaluated its effectiveness, suggesting that PNS can offer sig-
nificant pain relief and functional gains, especially for localized neuropathic pain
conditions. The evidence supports its utility, though a call for more high-quality
trials remains pertinent [3].

Advancements in neuromodulation are continuously being made, particularly in the
realm of refractory neuropathic pain. Innovations in hardware and programming
strategies are enabling more personalized treatment approaches. The integration
of novel waveforms and advanced technologies aims to optimize outcomes for in-
dividuals facing complex and challenging pain syndromes [4].

A specific focus within SCS technology involves exploring novel systems, such
as high-frequency spinal cord stimulation. Prospective clinical trials have investi-
gated the effectiveness and safety of these advanced systems for chronic low back
pain. Initial results indicate promising outcomes, with significant pain relief and
functional improvements, suggesting a valuable alternative for those who have not
responded to standard treatments [5].

Beyond traditional SCS, other targeted neuromodulation techniques are gaining
traction. Dorsal root ganglion (DRG) stimulation, for instance, is being explored
for focal neuropathic pain, particularly in the lower extremities. This technique of-
fers the potential to more precisely target pain generators compared to traditional
SCS, leading to improved results in difficult-to-treat cases [6].

The technological underpinnings of SCS are also evolving. Innovations in im-
plantable pulse generators and lead technology are crucial for enhancing patient
experience and the long-term effectiveness of SCS. Developments in battery life,

wireless charging capabilities, and miniaturization are contributing to greater pa-
tient comfort and sustained therapeutic benefits [7].

Peripheral nerve stimulation also holds significant promise for specific pain indi-
cations, such as chronic post-surgical pain. This modality can target the specific
nerves implicated in pain pathways, offering a less invasive approach than sys-
temic medications or other interventions for localized pain issues following surgery

8].

The broader impact of SCS extends beyond physical pain relief, influencing other
aspects of a patient’s well-being. Studies have investigated the impact of SCS on
sleep quality and psychological health. Effective pain management through SCS
has been shown to lead to significant improvements in sleep disturbances and a
reduction in symptoms of anxiety and depression [9].

Collectively, the evidence supporting neuromodulation for a spectrum of chronic
pain conditions is growing comprehensively. This includes conditions such as
failed back surgery syndrome, complex regional pain syndrome, and various pe-
ripheral neuropathies. Careful patient selection, procedural considerations, and
an understanding of future trends are all vital components of successfully imple-
menting these advanced therapies [10].

Description

Neuromodulation, encompassing techniques like spinal cord stimulation (SCS)
and peripheral nerve stimulation (PNS), represents a pivotal advancement in man-
aging refractory pain conditions. These methods offer a targeted approach to al-
tering pain signaling pathways, thereby improving patient outcomes. The review
by Koscielny et al. [1] provides an update on neuromodulation techniques for re-
fractory pain, highlighting the efficacy of SCS and PNS in enhancing pain scores
and quality of life for individuals unresponsive to conventional treatments, and also
touches upon emerging technologies and patient selection criteria.

The long-term efficacy of SCS is a critical area of investigation. A study by
Puentes-Ramos et al. [2] delves into the long-term outcomes of SCS in patients
with chronic non-cancer back and leg pain. Their findings indicate significant im-
provements in pain reduction, functional status, and quality of life over a median
follow-up of five years, reinforcing SCS as a valuable therapeutic option for persis-
tent pain.

Peripheral nerve stimulation’s utility is further supported by systematic reviews.
Dave et al. [3] conducted a systematic review and meta-analysis to evaluate the
effectiveness of PNS for chronic pain conditions. Their results suggest that PNS
can yield significant pain relief and functional improvement, particularly for focal



Bianchi L.

J Anesthesiol Pain Res, Volume 8:4, 2025

neuropathic pain, and they advocate for more rigorous, high-quality clinical trials
to solidify these findings.

Recent developments in neuromodulation are continuously refining treatment
strategies, especially for refractory neuropathic pain. Bastos et al. [4] discuss the
advancements in hardware and programming for neuromodulation, emphasizing
the importance of personalized treatment and the integration of new waveforms to
optimize results for patients with complex pain presentations.

Specific technological innovations within SCS are also being explored. A prospec-
tive clinical trial by van den Wildenberg et al. [5] investigated a novel high-
frequency SCS system for chronic low back pain. The study reported significant
pain relief and improved function with a favorable safety profile, positioning it as a
promising alternative for patients who have not benefited from conventional ther-
apies.

Targeted neuromodulation approaches are also expanding. Amoroso et al. [6]
present a single-center experience with dorsal root ganglion (DRG) stimulation for
focal neuropathic pain, particularly in the lower limbs. They highlight DRG stimula-
tion’s capacity to target specific pain generators more effectively than conventional
SCS, leading to improved outcomes in challenging cases.

The technological infrastructure supporting SCS is undergoing rapid evolution.
Tortora et al. [7] review advancements in implantable pulse generators and lead
technology for SCS, discussing innovations such as extended battery life, wireless
charging, and miniaturization, all of which contribute to enhanced patient comfort
and the long-term effectiveness of SCS therapy.

Peripheral nerve stimulation is also being recognized for its role in managing spe-
cific pain types, such as chronic post-surgical pain. Di Lorenzo et al. [8] explore
the application of PNS for this indication, underscoring its potential to target spe-
cific nerves involved in pain pathways, thereby offering a less invasive alternative
to systemic medications or other interventions for localized post-surgical pain.

The impact of SCS on a patient's overall well-being, beyond pain reduction, is
a noteworthy area. Mariani et al. [9] investigated the effects of SCS on sleep
quality and psychological well-being in patients with chronic pain. Their findings
demonstrate that effective pain management through SCS can lead to substantial
improvements in sleep disturbances and a reduction in anxiety and depression
symptoms.

In summary, the collective body of evidence strongly supports the use of neuro-
modulation for a wide array of chronic pain conditions. This comprehensive re-
view by Rossi et al. [10] covers failed back surgery syndrome, complex regional
pain syndrome, and peripheral neuropathies, discussing crucial aspects such as
patient selection, procedural considerations, and future directions in this rapidly
advancing field.

Conclusion

Neuromodulation techniques, including spinal cord stimulation (SCS) and periph-
eral nerve stimulation (PNS), offer effective management for refractory chronic
pain. SCS has demonstrated long-term benefits for non-cancer back and leg pain,
improving pain scores, function, and quality of life. PNS shows promise for fo-
cal neuropathic pain and chronic post-surgical pain. Advancements in technology,
such as high-frequency SCS and dorsal root ganglion stimulation, are enhancing
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treatment precision and efficacy. Beyond pain relief, SCS also positively impacts
sleep quality and psychological well-being. These methods represent a signifi-
cant alternative for patients unresponsive to conventional therapies, with ongoing
research and technological innovation driving the field forward.
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