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Abstract
Purpose of Review  This manuscript summarizes novel clinical and interventional approaches in the management of chronic, 
nociceptive, and neuropathic pain.
Recent Findings  Pain can be defined as a feeling of physical or emotional distress caused by an external stimulus. Pain can 
be grouped into distinct types according to characteristics including neuropathic pain, which is a pain caused by disease or 
lesion in the sensory nervous system; nociceptive pain, which is pain that can be sharp, aching, or throbbing and is caused by 
injury to bodily tissues; and chronic pain, which is long lasting or persisting beyond 6 months. With improved understanding 
of different signaling systems for pain in recent years, there has been an upscale of methods of analgesia to counteract these 
pathological processes. Novel treatment methods such as use of cannabinoids, stem cells, gene therapy, nanoparticles, mono-
clonal antibodies, and platelet-rich plasma have played a significant role in improved strategies for therapeutic interventions.
Summary  Although many management options appear to be promising, extensive additional clinical research is warranted 
to determine best practice strategies in the future for clinicians.

Keywords  Neuropathic pain · Chronic pain · Nociceptive pain · Platelet-rich plasma · Neuromodulation · Nanomedicine · 
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Introduction

Pain is a pervasive and incapacitating symptom that can 
significantly affect quality of life. According to the World 
Health Organization (WHO), up to 20% of adults globally 
experience pain, which is a significant public health issue 
[1••]. Complex mechanisms underlying pain pose signifi-
cant management challenges. Despite advancements in pain 
management, recently developed novel and powerful tech-
niques have evolving appreciation in treatment strategies. 
The present investigation, therefore, sought to explore treat-
ment options for specific types of pain, including chronic 
pain, defined as persistent or recurrent discomfort lasting 
longer than 6 months, neuropathic pain caused by nervous 
system dysfunction or impairment, and nociceptive pain 
resulting from tissue damage or inflammation [2, 3]. By 

examining the latest advances in pain management, this 
review sought to provide insights into new and effective 
methods for alleviating pain.

The goal of pain treatment is to reduce suffering and 
regain function using a comprehensive strategy that com-
bines pharmacological, nonpharmaceutical, and interven-
tional approaches. It is possible to utilize pharmaceutical 
therapies, such as opioids and NSAIDs; non-pharmacolog-
ical alternatives, including cognitive-behavioral and physi-
cal therapy; and interventional procedures, such as nerve 
blocks [4, 5]. However, limitations include low success rates 
and potential negative impacts, such as abuse, dependence 
development, and risks associated with invasive procedures.

Over the past few years, an increasing effort has 
emerged with pioneering and inventive approaches to alle-
viate pain that can surmount inadequacies and limitations 
of traditional means and furnish superior options for eas-
ing discomfort. These modalities include nanomedicine, 
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gene therapy, stem cell therapy, axon therapy, cannabinoid 
treatment, and other advanced technologies.

Nanomedicine for pain management has seen recent  
developments in nanoscale drug delivery systems for  
targeted relief and novel therapies such as tissue engi- 
neering [6••, 7]. Nanofiber scaffolds support stem cell 
growth and promote tissue regeneration and repair. Cur-
rent developments in gene therapy for pain treatment 
include use of adeno-associated viruses (AAV) to trans-
fer pain-inhibiting genes into cells, RNA interference 
(RNAi) to mute pain-inducing genes, and gene editing 
tools, such as CRISPR-Cas9, to change or eliminate pain-
signaling genes [8, 9, 10••]. Stem cell therapy utilizes 
mesenchymal stem cells (MSCs) and induced pluripotent 
stem cells (iPSCs), which possess anti-inflammatory and 
pain-relieving properties [11, 12]. They effectively reduce 
pain and inflammation while promoting tissue repair. New 
developments in cannabinoid therapy include cannabidiol  
(CBD), a naturally occurring substance with anti-inflammatory  
and pain-relieving properties [13]. Synthetic cannabinoids, 
such as dronabinol and nabilone, have been approved  
for chemotherapy-induced nausea and vomiting and are 
being researched for their potential to treat pain [14••].  
Noninvasive pain management techniques such as virtual 
reality therapy and transcutaneous electrical nerve stimu-
lation are also gaining popularity. Focusing on potential 
advantages and difficulties, this review provides an over-
view of the most innovative pain-relieving methods that are  
currently available.

Methods

In the present investigation, we conducted a detailed lit-
erature analysis of the different methods available for the 
treatment of neuropathic, chronic, and nociceptive pain. 
The specific aim of our review was to evaluate available 
knowledge regarding the importance of different methods 
of pain management by elaborating history, pathophysiol-
ogy, mechanism, and efficacy of each method. This litera-
ture review was conducted using the PubMed database by 
searching for the most relevant papers that emerged using 
keywords and topics such as nano therapy, stem cell therapy, 
and significance in pain management, axon therapy, use of 
cannabinoids in pain, newer techniques and gene therapy, 
and specific nerve root targets for pain management. With 
numerous results identified, we selected the most relevant 
to our search criteria. In this regard, to be more precise in 
completing our research, we used other sources such as clin-
icaltrials.gov and Cochrane to obtain information related to 
novel drugs, targets, and clinical trials.

Discussion

Nanomedicine

Nanomedicine is the use of nanocarriers, such as nano-
particles, to provide transportation for drugs to places in 
the human body they would not normally be able to go. 
Currently, the main use of nanoparticles in medicine is 
organic materials such as liposomes [15]. Nanomedicine 
has exhibited improved efficacy of poorly soluble drugs 
with smaller doses due to the particle’s ability to increase 
the bioavailability of a drug [16]. These drug delivery sys-
tems have specific parameters they use that are designed 
to optimize circulation time of a drug, as well as increased 
specificity for certain tissues/organs [17••]. Additionally, 
nanomedicine demonstrates the potential ability to safely 
deliver therapeutic doses of normally toxic substances 
with minimal local or systemic damage [18].

Emerging research has demonstrated the potential of nano-
particles for the treatment of neuropathic pain. Esketamine, 
a non-opioid analgesic, has been used to manage refractory 
neuropathic pain. However, a notable drawback of esketa-
mine is its relatively brief half-life, which necessitates repeti-
tive administration to achieve optimal efficacy [19]. A recent 
study from 2023 in mouse models has demonstrated the 
enhancement of delivery of esketamine using a nanoparticle-
hydrogel delivery system (NHDS). In this study, we utilized a 
novel formulation known as a nanostructured hydrogel drug 
system (NHDS). NHDS involves encapsulation of esketamine 
within poly(lactic-co-glycolic acid) (PLGA) nanoparticles, 
which are subsequently embedded in a hydrogel matrix. The 
esketamine-nanoparticle system was injected into the nerve 
roots of mice 1–7 days after spinal nerve ligation (SNL) 
to stimulate neuropathic pain. SNL mice treated with the 
esketamine-nanoparticle system had a significantly enhanced 
analgesic effect compared to SNL mice treated solely with 
esketamine [20]. This innovative approach aims to enhance 
the delivery of esketamine for optimal therapeutic outcomes.

nZnO is a zinc oxide nanoparticle recently investigated 
for its potential role in pain management owing to its abil-
ity to release zinc ions. Zinc acts as a non-competitive 
inhibitor of the N-methyl-D-aspartate (NMDA) receptor, 
a type of glutamate receptor known for its involvement 
in hyperalgesia, neuropathic pain, and impaired function-
ing of opioid receptors. Therefore, nZnO may be used to 
increase zinc bioavailability at certain sites, which would 
then decrease the ability of glutamate to act on NMDA 
receptors at those sites. This would then produce an anal-
gesic effect [21]. Additionally, nZnO is thought to play 
a role in enhancing opioid receptor activity which sug-
gests that when given together along with morphine would 
increase its anti-nociceptive effect. Nanoparticles carrying 
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other ionic compounds such as magnesium oxide (MgO), 
manganese dioxide (MnO2), and magnetite (Fe3O4) are 
also being investigated due to their ability to release pain 
with mechanisms similar to those of nZnO [22].

While the role and use of nanoparticles in medicine is still 
evolving, more research is needed to establish their clinical 
effectiveness. However, its potential is highly promising. 
Nanoparticles possess unique properties that enable them 
to serve as carriers for enhanced drug delivery. This charac-
teristic opens up possibilities not only for pain management 
but also for addressing various chronic health conditions.

Gene Therapy

Gene therapy was first introduced as a potential strategy for 
treating recessive-inherited disorders. This concept centered 
on the idea of introducing a functional copy of a mutated 
gene to restore normal cellular function. With a few excep-
tions, gene therapy has shown success in various applica-
tions. However, its primary emphasis has shifted towards 
targeting acquired diseases, aiming to modify their underly-
ing processes [23••].

Gene therapy can be classified into two main types: 
somatic and germline. Somatic gene therapy aims to treat 
patients directly without altering the genetic makeup of 
their offspring. This involves the introduction of a func-
tional gene into specific cells, thereby correcting the 
underlying genetic defects. However, it is important to 
note that even if somatic gene therapy successfully modi-
fies a patient’s genes to address a particular condition, 
the risk of passing on the ailment to future generations 
remains. This form of gene therapy is practiced in genetic 
laboratories worldwide.

In contrast, germline gene therapy involves inserting 
exogenous genes into cells involved in producing sperm or 
fertilized eggs. As a result, any genetic modification to these 
cells can be inherited by the offspring. Although germline 
gene therapy has the potential to prevent hereditary diseases, 
it is a highly controversial area of research owing to techni-
cal and ethical concerns [24]. Currently, limited research has 
been conducted in this field.

In addition to these two types, various methods have been 
employed for gene therapy. These include the direct injec-
tion of DNA, liposome-mediated DNA transfer, calcium 
phosphate transfection, electroporation, the use of retrovirus 
vectors, site-directed recombination, artificial chromosomes, 
other viral vectors, targeted gene transfer via receptors, 
and gene activation with associated activities [25••]. Each 
method offers unique advantages and considerations depend-
ing on the specific goals of the gene therapy intervention.

Studies have shown the use of gene therapy to inhibit 
nociceptive transmission at the supraspinal level [26••]. Pre-
vious experimental studies on gene delivery in the brain have 

mainly focused on the medulla oblongata, a region respon-
sible for pain control, which presents challenges owing to 
its proximity to vital organ systems like the pulmonary and 
cardiovascular. To address this, it may be advantageous to 
redirect research efforts towards more accessible locations, 
especially in the context of prevalent conditions associated 
with chronic pain such as complex regional pain syndrome 
or fibromyalgia. Targeting various points along the pain 
pathway is feasible with gene therapy, but particular atten-
tion is given to primary afferent neurons (PANs) and their 
synapses, as well as second-order neurons inside the dorsal 
horn, owing to their significant involvement in the patho-
physiological development of chronic pain [27].

The concept of gene therapy for pain is solely based on 
the way genes are delivered that encodes the proteins that 
block the nociceptive receptors or would interfere with the 
nociceptive molecule inside the functional unit of the brain, 
so-called neurons. Introduction of certain genes into neu-
rons, where they produce particular proteins, is the basis 
of gene therapy for persistent neuropathic pain. These pro-
teins act on the ionic channels and receptors implicated in 
the development of pain due to neuropathy [28••]. This is 
achieved either by viral method, which is called transfection, 
or non-viral vector methods known as transduction.

To deliver analgesic genes in the nervous system, three 
gene therapy approaches have been used: cell-based thera-
pies, which typically involve transplanting mutated cells into 
the subarachnoid space [29••, 30, 31]; the use of plasmids 
and oligonucleotides, which are occasionally enclosed in 
the liposomes to facilitate entry into cells [32–34]; and the 
use of certain viral-based vectors. The most popular method 
for delivering genes to the nervous system is viral vector 
gene therapy, which makes use of viruses’ innate capacity 
to transmit infection for their genes to be expressed by host 
cells [35, 36].

It has been previously demonstrated that HSV-based 
vector-induced transfer of the ENK gene to rodent’s dorsal 
root ganglia in the lumbar region through footpad inoc-
ulation lowers C-fiber-evoked pain responses in reflex 
to immediate inflammatory stimuli, such as a capsaicin 
injection [37] or formalin [27], and attune the increased 
sensitivity to pain related to chronic inflammation [38, 
39]. In addition, implementation of the rat vibrissal 
pad has been shown to reduce neuropathic pain related 
to trigeminal neuralgia [40]. The method of footpad 
inoculation has also been shown to abridge nociceptive 
behavior in mouse or rat models of chronic neuropathic 
pain that also includes pain due to diabetic neuropathy 
and spinal nerve ligation [41••, 42••]. Since then, other 
researchers have demonstrated that visceral pain models 
of cystitis and pancreatitis have elicited analgesia when 
ENK-expressing HSV vectors are injected directly into 
the bladder or pancreas and have their expanded findings 
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to primate models [43–46]. The combination of all these 
researches was the projections towards the first ever 
human gene experiment for the management of pain.

In a partial sciatic nerve damage model of neuropathic 
pain in rodents, McMahon et al. showed that the glial cell 
line–derived neurotrophic factor (GDNF) direct intrathe-
cal infusion lowered pain and its related behaviors along 
with ectopic nerve discharges [47]. Multiple studies have 
demonstrated that administration of the recombinant p75 
soluble TNFR (sTNFR) peptide (etanercept) intrathecally 
depleted mechanical allodynia in a mouse model of neuro-
pathic pain, while counteracting antibodies aimed against 
the p55 TNF receptor (TNFR) reduced hyperalgesia 
related to the heat and mechanical allodynia [48–50]. The 
Watkins group has shown in rat tests that intrathecal mode 
of injection of adenovirus plus the adeno-associated virus 
or simple plasmids engineered to produce IL-10 results 
in the liberation of IL-10 into the cerebrospinal fluid. In 
prototype of neuropathic pain generated by either nerve 
compression or injecting allogenic chemicals along the 
sheath of the nerve, the anti-inflammatory cytokine can 
either reverse existing neuropathic pain or prevent it from 
occurring [51–53].

Non-viral vectors are also vital for gene therapy, but 
there is not much evidence supporting their role in pain 
management. The efficiency and specificity of non-viral 
vectors in comparison to viral vectors are lower. Besides 
the non-viral vector method, there are different ways to 
deliver gene threads, namely, by polymers that are either 
biodegradable or non-biodegradable, lipids that are con-
ventional, gemini surfactants, lipidoids, helper lipids, 
peptides (peptic nucleic acid, polypeptides, functional 
peptides), inorganic materials such as mesoporous silica 
nanoparticles, gold nanoparticles, magnetic materials, car-
bon nanotubes and graphene, quantum dots, and hybrid 
systems (inorganic-organic, modified PEI, inorganic lipid, 
and peptide bond).

Gene therapy has its own set of limitations such as dos-
ing, safety, and efficacy, apart from other drawbacks such 
as the ethical issues of gene therapy, as it will change not 
only the physical but also the expressive side of a pro-
tein to attain a positive result in the process of dealing 
with chronic pain. Despite the immense potential of gene 
therapy as a medical treatment, progress in the develop-
ment of efficient clinical procedures has been gradual. 
The development of reliable and effective gene delivery 
devices is an issue. Although gene therapy works well for 
single-gene problems, additional studies are needed for 
multiple gene disorders. Although viruses are effective 
gene carriers, they have certain drawbacks. To improve 
target specificity and lessen injury to nearby healthy tis-
sues, further research must be done to create novel, effi-
cient gene carriers [25].

Stem Cell Therapy

Stem cells possess the extraordinary ability to differentiate 
into various cell types within the human body. They play 
pivotal roles in embryonic development and contribute sig-
nificantly to organ formation. In adulthood, they continue 
to perform vital functions by aiding organ repair and tissue 
regeneration. Stem cells can be classified into diverse types, 
including adult, embryonic, pluripotent, and multipotent. 
Furthermore, their differentiation potential allows them to 
be categorized based on their specialization into specific 
cell types. During the pilot stages of fertilized ovum divi-
sion, totipotent cells emerge, possessing a remarkable capac-
ity to differentiate into any type of cell, thus enabling the 
creation of complete organs. On the other hand, pluripotent 
cells, such as embryonic stem cells and the induced pluri-
potent stem cells (iPSCs), demonstrate the caliber to adapt 
into various cell types but lack the capacity to develop into 
entire organs [12].

To enhance our understanding of this field, it is impor-
tant to recognize that several types of stem cells originate 
from distinct sources. The innate cell mass of the blasto-
cysts serves as a genesis of embryonic stem cells, which 
have a remarkable capacity to differentiate into the three 
germ layers. Adult stem cells can be classified based on their 
tissue of origin, including those derived from the placenta 
and umbilical cord, hematopoietic stem cells, mesenchymal 
cells derived from the bone marrow, and mesenchymal cells 
(MSCs) from adipose tissue. These adult stem cells play a 
crucial part in the renewal and repair of injured tissues or 
organs and are distributed throughout various tissues in the 
body [54]. Stem cell therapy may effectively address neuro-
pathic pain associated with conditions, such as sciatic nerve 
injury, diabetes-induced neuropathies, and spinal cord injury 
[55••]. By utilizing stem cells to treat neuropathic pain, the 
effects of refractory pain can be modulated and reversed. 
This treatment strategy makes use of stem cell capacity 
to generate neurotrophic factors as a biological origin for 
regenerating damaged brain cells [56].

Human MSCs have emerged as the preferred cell type for 
the treatment of lower back pain. Similar to MSCs obtained 
from the bone marrow, the nucleus pulposus also contains 
MSCs, and co-culturing them with nucleus pulposus cells 
enhances both the proliferation of nucleus pulposus cells 
and the differentiation of MSCs towards the chondrogenic 
lineage [57••]. Vadivelu et al. conducted three animal model 
studies exploring the usage of stem cells in the treatment 
of diabetic neuropathy, with stem cells being administered 
through intramuscular injections in the posterior portion 
of the leg. MSCs were selected because of their capacity 
to differentiate into various cell types and their ability to 
secrete cytokines. Furthermore, recent research has sug-
gested that MSCs may promote neurotrophic factors, which 
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are often depleted in diabetic neuropathy, proving the use 
of these types of stem cells beneficial. One study utilized 
marrow mononuclear cells because of their accessibility, and 
improvements were observed between 2 and 15 weeks after 
the injury. These investigations collectively demonstrate the 
efficacy of this unique approach in treating neuropathic-
related pain [12, 55].

Mesenchymal stem cells (MSCs) have emerged as cru-
cial contributors to nerve healing and regeneration, and 
their ability to release cytokines suggests a potential anti-
inflammatory effect that can combat pathological inflam-
mation linked to neuropathic pain [58–60]. This concept had 
been scrutinized in animal models of trigeminal neuropathy, 
diabetic neuropathy, and dorsal paw neuropathy, yielding 
encouraging results marked by the significant alleviation 
of neuropathic pain symptoms [61, 62, 63••]. These find-
ings underscore the essential role of stem cells in addressing 
chronic, neuropathic, and nociceptive pain.

The choice between allogeneic and autologous stem  
cell types needs to be carefully considered for appropriate 
use. Although only a few human trials are available, they 
effectively demonstrate the beneficial aspects of stem cell 
applications. For instance, in a case study, a patient with a 
crush fracture in the L1 vertebral body and partial spinal 
cord injury at the level of T12-L1 region received multi-
ple doses of allogeneic MSCs via intrathecal and intrave-
nous administration, resulting in a significant reduction in 
neuropathic pain [64]. Early transplantation of MSCs is  
hypothesized to enhance functional recovery through various  
mechanisms, including the reduction of gliosis, suppression 
of inflammatory cytokine production, promotion of spinal 
cord revascularization via angiogenic effects, and stimula-
tion of bioactive molecules and growth factor production. 
In a recent study, adipose-derived MSCs were used to treat 
neuropathic facial pain in eight patients who failed pharma-
cotherapy. These patients received perineural injections of 
stem cells into the damaged portion of the trigeminal nerve, 
leading to a significant decrease in the mean pain score from  
7.5 to 4.3 out of 10 after 6 months. Most patients (seven 
out of nine) responded positively to the treatment, with five 
of them experiencing reduced gabapentin requirements. 
Notably, no significant side effects such as infections were 
observed [65].

The morphology, differentiation, viability, and migra-
tory capabilities of mesenchymal stem cells (MSCs) are 
influenced by the duration and intensity of their growth 
and culture. During cultivation and passage, MSCs undergo 
phenotypic changes in size, morphology, and cell surface 
marker expression, while simultaneously experiencing a 
gradual decline in their proliferative and functional differen-
tiation potential [66, 67]. Additionally, the proliferation and 
differentiation abilities of cytokines are also affected [67]. 
Determining the appropriate dosage of stem cells poses a 

challenge. Nonetheless, further investigation of the types of 
stem cells, dosages, safety considerations, and implantation 
rates is necessary for effective therapeutic applications. In 
a mouse model, the repeated administration of neuronal or 
adipose stem cells demonstrates a dose-dependent analgesic 
effect [68••].

Although stem cell therapy represents a promising and 
effective approach for managing chronic neuropathic and 
nociceptive pain, it has certain limitations that warrant atten-
tion. These include concerns regarding the potential devel-
opment of teratomas, the optimal dosage and timing of stem 
cell therapy, and a comprehensive evaluation of the benefits 
and drawbacks associated with its use. Further research 
studies and clinical trials that meet rigorous standards can 
provide a solid foundation for assessing the impact of stem 
cell therapy, not only in various diseases but also in pain 
modulation and management.

Axon Therapy or Transcutaneous Magnetic 
Stimulation (tMS)

Peripheral nerve injury commonly leads to development 
of neuromas or nerve entrapment, resulting in persistent 
neuropathic pain. This pain condition is characterized by 
heightened activity occurring either at the site of injury or 
at the dorsal root ganglion [69]. Axon therapy, also known 
as transcutaneous magnetic stimulation (tMS), is derived 
from transcranial magnetic stimulation (TMS), with tMS 
being a localized and targeted version of TMS [70]. Unlike 
TMS, tMS utilizes a device that generates small electrical 
currents around neuromas, eliminating the need for anesthet-
ics. By passing a dynamic magnetic flux through the skin, 
this device effectively reaches the first few centimeters with-
out any attenuation. Although the mechanism of action is not 
fully understood, TMS has been demonstrated to facilitate 
nerve repair and regeneration. In particular, low-frequency 
TMS has shown inhibitory effects on neurons and may serve 
as a viable treatment option for patients with neuromas [70].

The TMS method was developed in the 1950s, but it was 
not until Barker and colleagues [71] established noninva-
sive magnetic stimulation in 1985 that the application of this 
therapy was broadened. Axon therapy, employing transcra-
nial magnetic stimulation (TMS), shows promise in allevi-
ating chronic or long-term pain subject to crucial criteria. 
First, it induces plastic changes in the central nervous system 
(CNS) through nociceptive inputs, thereby contributing to 
the maintenance of pain experience. Second, TMS must have 
the ability to elicit plastic changes within the CNS. Finally, 
the plastic changes induced by TMS should effectively coun-
teract the alterations induced by nociception. These changes 
are noticeable at both cellular and physiologic levels [72].

Effective management of pain with the prospect of mag-
netic stimulation may require an integration of appropriate 
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targets that suit the specific conditions and symptoms along 
with different stimulation types. For example, a former study 
demonstrated that the priming paradigm, involving the initial 
administration of iTBS (theta burst stimulation) to M1, can 
enhance the analgesic effects of high-frequency TMS [73]. 
As fascinating as it sounds, there is not enough evidence 
supporting it and more elaborate research is necessary.

Studies have shown that, in healthy persons, increased 
frequency rTMS applied to the primary motor cortex (M1) 
induces rapid modifications and modulation within the sen-
sorimotor networks [74]. Furthermore, empirical evidence 
indicates that high-frequency rTMS can directly influence 
sensory thresholds for both cool and humid temperature 
sensations. This suggests its potential utility in alleviating 
symptoms experienced by individuals with chronic pain.

A recent systematic review showed that high-frequency 
repetitive transcranial magnetic stimulation (rTMS) of the 
left primary motor cortex (M1) is effective in depleting pain 
related to the fibromyalgia syndrome. Importantly, the anal-
gesic effects of this stimulation lasted beyond the duration of 
actual stimulation [75]. In contrast, a Cochrane systematic 
review conducted recently examined the use of rTMS for 
chronic pain management. This review revealed that collabo-
rative doses of rTMS do not consistently demonstrate merits 
across trials. However, one dose of rTMS has short-term 
positive effects in individuals with long-term pain [76, 77].

A study from 2014 investigated possible benefits for 
patients who have resistant neuropathic pain for treatment 
with tMS. In this study, 5 patients had neuropathic pain that 
was resistant to previous therapies, including non-steroidal 
anti-inflammatory drugs (NSAIDs), corticosteroids, lido-
caine, vicodin, and gabapentin. All 5 patients were subjected 
to 3–4 tMS sessions at a frequency of 0.5 Hz. The average 
pain reduction in the numerical rating pain scale (NRS) was 
84%, with 3 out of the 5 patients reporting a complete loss 
of neuropathic pain [70].

A recent study conducted in 2021 investigated the effec-
tiveness of tMS in the treatment of painful diabetic neu-
ropathy and found comparable results. In this 10 participant 
study, 9 of them completed the entire study, in which an 
average of 1.22 ± 1.79-point decrease in pain was reported. 
This correlates to about a 78% improvement from baseline, 
with five participants reporting a 100% improvement. Pain 
reductions were significant up to 7-day post-treatment (P 
= 0.0295) [78]. While these studies showed very promis-
ing results in patients who were responsive to treatment, 
studies with higher patient participation and longitudinal 
studies are needed before determining clinical efficacy and 
implementation.

rTMS has demonstrated significant analgesic effects in 
patients with long-lasting refractory pain syndromes, includ-
ing post-stroke pain involving the thalamus or brainstem, 
spinal cord injury pain, nerve root/brachial plexus avulsion 

pain, trigeminal neuropathy pain, migraine, and fibromyal-
gia. However, there is currently limited understanding of the 
effectiveness of rTMS, specifically for different pain condi-
tions. The brief period of reduced sensation to pain provided 
by transcranial stimulation, which is a drawback of rTMS, 
presents challenges in determining its effectiveness in indi-
viduals with chronic pain syndrome [79].

Cannabinoid in Pain

Cannabinoids are a class of chemical compounds that 
naturally occur in Cannabis plants. Historically, cannabis 
has been used as a recreational drug owing to its psycho-
active properties. However, emerging research suggests 
that cannabinoids may have the ability to treat pain. These 
compounds primarily interact with two types of recep-
tors: CB1 and CB2. The former receptor is predominantly 
found in the central nervous system (CNS), while the CB2 
receptors are primarily present in immune system organs 
like the spleen and tonsils [80, 81]. The abundance of 
CB1 receptors in the CNS suggests their involvement in 
the addictive and psychoactive properties associated with 
cannabinoids [82].

In contrast, the precise method by which CB2 recep-
tors contribute to the reduction of neuropathic pain remains 
unclear. One proposed theory suggests that CB2 receptors 
achieve this effect through inhibition of T-cell receptor 
(TCR) signaling. CB2 receptor is a member of the Gi/o 
G-protein-coupled receptor family, which subsequently 
inhibits the activity of adenylyl cyclase, an enzyme respon-
sible for converting adenosine triphosphate (ATP) into 
cyclic adenosine monophosphate (cAMP). The resulting 
decrease in cAMP levels affects a signaling pathway that 
inhibits TCR signaling, thereby reducing immune system 
activation and inflammation, and ultimately leading to pain 
reduction [83, 84].

Damage to the nervous system is linked to a significant 
increase in the expression of CB2 receptors in the dorsal root 
ganglion (DRG), suggesting that targeting the CB2 recep-
tor could be a potential approach for treating neuropathic 
pain [85]. (-)-Delta9-trans-tetrahydrocannabinol (THC), 
the primary cannabinoid found in cannabis, acts as a partial 
agonist of both CB1 and CB2 receptors and is associated 
with the psychoactive and pain-relieving properties of the 
plant. A recent systematic review and meta-analysis has indi-
cated that interventions involving THC result in statistically 
significant improvements in pain reduction among patients 
with neuropathic pain compared to placebo [86]. However, 
further long-term studies are necessary to establish clear 
clinical guidelines and recommendations in this regard.

While treating a patient with neuropathic pain, the 
THC dosage is vital. A recent randomized placebo-
controlled trial conducted in 2020 investigated the 
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effectiveness of inhaled THC in pain management. The 
study revealed that administering an inhaled THC dose of 
1.0 mg resulted in a significant reduction in patient scores 
on the visual analog pain scale (VAS), with a maximum 
mean decrease of 2.95 points. In comparison, patients 
who received a lower dose of 0.5 mg THC experienced a 
decrease of 1.95 points on the VAS [87••].

Although many studies have indicated the possible 
benefits of THC for chronic and neuropathic pain, addi-
tional long-term studies are needed to achieve a clear 
clinical reference and to determine if the analgesic bene-
fits outweigh the possible adverse effects. The same clini-
cal trial mentioned in the last paragraph saw that many of 
the participants reported adverse effects such as a drug 
high, cough, and weakness [87••]. Other reported side 
effects with THC include, but are not limited to, cogni-
tive adverse reactions, such as cognitive impairment and 
altered mental status [88].

Recent Advancements

Neuromodulation

Neuropathic pain is a widespread health issue affecting 
approximately 17% of the overall population [89••]. The 
primary treatment options for this type of pain involve 
the use of antidepressants and anticonvulsants. Tricy-
clic antidepressants (TCAs) and serotonin-noradrenaline 
reuptake inhibitors (SSRIs) are commonly prescribed as 
antidepressant medications, whereas gabapentin and pre-
gabalin are frequently used as anticonvulsant drugs. It is 
noteworthy that gabapentin and pregabalin share a similar 
mechanism of action [90].

Neuromodulation is an emerging field of biotechnol-
ogy that has gained immense momentum. It offers a non-
pharmacological approach for treating neuropathic pain 
by modulating the central or peripheral nervous system 
[91]. Various techniques are employed in neuromodula-
tion, all of which share the common objective of using 
electrical, magnetic, or optogenetic energy to target spe-
cific areas of the nervous system. In doing so, they aim to 
suppress disease states and restore the system to a healthy 
state. Neuromodulation shows promise as an alternative 
treatment for chronic lower back pain and may poten-
tially reduce reliance on opioids among patients [92••]. 
Although the underlying neurophysiological mechanisms 
of neuromodulation and its ability to alleviate neuro-
pathic pain are not yet fully understood, they hold excit-
ing potential.

Further research is necessary to establish a clear 
clinical relevance and enhance our understanding of this 
promising approach.

Platelet‑Rich Plasma

Platelet-rich plasma (PRP) therapy is a treatment modality that  
involves injecting a concentrated solution of platelets, which 
subsequently releases growth factors to initiate the healing 
process in connective tissues. In recent times, PRP therapy  
has gained popularity as an approach to managing chronic 
pain, particularly back pain, owing to its favorable side effect 
profile and success rates. Conservative treatment options, 
such as physical therapy, non-steroidal anti-inflammatory 
drugs (NSAIDs), and glucocorticoids, are initially employed 
for chronic back pain, with surgery considered only when 
these interventions prove ineffective.

However, PRP therapy is an alternative because of its ability 
to enhance the body’s natural healing mechanisms [93].

In addition to a role in hemostasis, platelets serve several 
other essential functions in the body. For instance, they facili-
tate the recruitment of white blood cells to the site of tissue 
injury, aiding in the prevention of infection of damaged cells. 
Moreover, platelets contain platelet-derived growth factor 
(PDGF), a growth factor that stimulates stem cell formation. 
This has rendered platelets appealing for the treatment of osteo-
arthritis (OA). Prolotherapy (PRL) is often recommended as a 
viable therapeutic option in cases of persistent musculoskeletal 
and painful joint diseases such as knee OA [94].

In a comprehensive systematic review conducted in 2017, 
comprising 14 randomized controlled trials (RCTs), it was 
found that intra-articular platelet-rich plasma (PRP) injec-
tions were effective in significantly reducing pain among 
individuals with knee osteoarthritis (OA) when compared 
to alternative intra-articular injections, such as hyaluronic 
acid, ozone, saline, and corticosteroids 94. Nonetheless, it 
should be noted that one limitation of PRP therapy is its 
potential inability to fully alleviate acute pain, thus neces-
sitating additional supplementation with painkillers during 
the initial stages of treatment [95].

Platelet-rich plasma (PRP) therapy is gaining popularity 
as an effective treatment for discogenic back pain. It offers 
a safe and successful therapeutic option, with a reported 
success rate of 71.2% and high patient satisfaction in long-
term outcomes [96••]. M. Hussein and T. Hussein conducted 
research demonstrating that the injection of PRP into atro-
phied lumbar multifidus muscles is a secure and efficient 
method for managing persistent low back pain and related 
impairments. However, it is important to note that this trial 
did not include a comparison group [97].

The outcomes of PRP therapy can be influenced by fac-
tors such as variations in the preparation and composition 
of the treatment and the specific anatomical and medi-
cal conditions of individuals. Navani et al. [98] demon-
strated the benefits of locally administered PRP injections 
in promoting tissue recovery in painful musculoskeletal 
conditions. Moreover, several studies have highlighted 
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the potential of PRP as an alternative treatment option 
for diabetic neuropathy (DBN), showing significant pain 
reduction in DBN patients [99–101].

Decisions about the use of PRP therapy, which is more 
expensive than PRL because it requires centrifuge equip-
ment and specialized supplies, must be made carefully [100]. 
The other set of limitations is pain and bleeding at the site 
of injection, which itself can be a setback in the use of PRP 
for the management of pain. In addition, adequate dosage 
and efficiency should be determined for its consideration 
as a line of treatment for pain. The future of PRP can be 
determined in various upcoming studies, and it can prove to 
be one of the most vital management options.

Monoclonal Antibodies

Monoclonal antibodies (mAbs) are antibodies that bind spe-
cifically to the same epitope of the same antigen, disrupting 
the intended pathway stimulated by the antigen. Currently, 
mAbs are extensively utilized for treating inflammatory 
autoimmune conditions, such as rheumatoid arthritis, pso-
riatic arthritis, and ankylosing spondylitis. However, recent 
research has explored the potential of mAbs as a therapy 
for chronic pain by targeting specific ligands involved in 
neurogenic inflammation and pain transmission [102]. Nota-
bly, proteins such as high-mobility group box-1 (HMGB1) 
and nerve growth factor (NGF) have emerged as important 
targets for mAbs in chronic pain treatment because of their 
involvement in the release of pro-inflammatory molecules 
and stimulation of pain [103]. Recent studies have dem-
onstrated promising outcomes in using mAbs to alleviate 
chronic pain, although several adverse effects, including par-
esthesia, peripheral edema, and arthralgias, have also been 
reported in these studies.

The primary mechanism of NGF-induced pain signaling 
involves tropomyosin receptor kinase A (TrkA), which is its 
main target. By forming a highly stable complex with NGF, 
TrkA establishes a durable interaction that persists for more 
than 100 h. This interaction enhances the autophosphoryla-
tion of the TrkA intracellular domain, facilitating the activa-
tion of the mitogen- activated protein kinase (MAPK) path-
way, specifically in nociceptive terminals. Subsequently, this  
activation sets in motion a series of downstream pain-signaling  
cascades [104, 105••, 106]. Furthermore, NGF exerts its 
influence by promoting the release of pain mediators such as 
substance P. These mediators play a role in intensifying the 
pain response. NGF contributes to the sensitization of noci-
ceptive neurons, making them more responsive to painful 
stimuli. This sensitization occurs through the upregulation of 
ion channels and receptors present on primary afferent nerve 
fibers [105••, 106]. Notably, NGF may sensitize nociceptors 
in cases of neuropathic pain, leading to a condition known 
as hyperalgesia [107].

Numerous studies have demonstrated the effectiveness 
of TNF-α, a cytokine with diverse effects on inflamma-
tion, in alleviating inflammation-related symptoms and 
signs associated with diseases, such as rheumatoid arthri-
tis (RA) and complex regional pain syndrome. TNF-α 
also plays a complex role in both the central and periph-
eral pathways involved in pain transmission. To specifi-
cally target TNF-alpha, monoclonal antibodies (mAbs) 
such as adalimumab, etanercept, and infliximab have been 
developed and extensively investigated in chronic autoim-
mune inflammatory disorders characterized by prominent 
pain symptoms, notably rheumatoid arthritis. Differenti-
ating the anti-inflammatory properties of TNF-α inhibi-
tors from their effects on pain-specific pathways presents 
significant challenges [108–111].

Researchers have explored the potential of mAb TNF-
alpha antagonists in treating conditions like sciatica, chronic 
low back pain (CLBP) with or without radiculopathy, and 
ankylosing spondylitis [112••].

Before broad clinical application of monoclonal antibodies 
(mAbs) for chronic pain can be considered, several challenges 
must be overcome. To begin with, excluding tanezumab, the 
findings of specific clinical studies have not been particularly 
noteworthy [113]. Secondly, it is unclear how many mAbs 
that are being developed for these purposes will be tolerated 
and safe. Third, the substantial cost remains a significant 
practical consideration when considering the utilization of 
monoclonal antibodies (mAbs) for chronic pain, potentially 
limiting their widespread use. Based on these restrictions, 
some have questioned whether mAbs would successfully 
treat chronic pain [113].

Conclusion

This narrative review effectively integrates all essential 
approaches to treat chronic, nociceptive, and neuro-
pathic pain incorporating the latest therapeutic options. 
Considering the increasing prevalence of chronic pain 
in recent years, the adoption of these treatment modali-
ties has become quintessential. Even though we have 
several other alternatives among the available manage-
ment options, we need to dig deeper via future clinical 
research to fully fill the demands of this evolving issues 
in pain medicine, with fewer side effects and appropriate 
safety results.
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