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Abstract

Neuropathic pain (NP) is a complex and disabling condition 

frequently associated with orthopedic disorders such as 

radiculopathies, entrapment syndromes, postoperative pain, 

and complex regional pain syndrome. This narrative review 

aims to summarize current scientific evidence regarding the 

pathophysiology, diagnosis, and treatment of NP within the 

orthopedic context. Databases such as PubMed, Cochrane, 

and Embase were searched for clinical trials, meta-analyses, 

and guidelines published up to 2024. The review presents 

updated pharmacological recommendations, including first-

line agents such as antidepressants and gabapentinoids, 

as well as topical therapies, opioids, cannabinoids, and 

interventional procedures. Special attention is given to the 

role of ultrasound-guided blocks and neuromodulation 

techniques like spinal cord stimulation. Evidence supports 

a multidisciplinary and individualized approach, particularly 

in cases refractory to conventional therapy. This review 

reinforces the need for early recognition of NP components 

in musculoskeletal pain syndromes to improve functional 

outcomes and quality of life.

Keywords: Neuralgia; Orthopedics; Chronic pain; Antide

pressive agents; Spinal cord stimulation; Pain management.

Resumo

A dor neuropática (DN) é uma condição complexa e in

capacitante, frequentemente presente em patologias or

topédicas como radiculopatias, síndromes compressivas, 

dor pós-operatória e síndrome dolorosa regional complexa. 

Esta revisão narrativa tem como objetivo compilar as evi

dências científicas atuais sobre fisiopatologia, diagnóstico e 

tratamento da DN no contexto ortopédico. Foram analisados 

ensaios clínicos, metanálises e diretrizes disponíveis nas bases 

de dados PubMed, Cochrane e Embase até o ano de 2024. 

O artigo aborda as recomendações terapêuticas atualizadas, 

incluindo fármacos de primeira linha como antidepressivos 

e gabapentinoides, além de tratamentos tópicos, opioides, 

canabinoides e procedimentos intervencionistas. Destaca-

se o papel de bloqueios guiados por ultrassom e técnicas 

de neuromodulação como a estimulação medular. As evi

dências reforçam a abordagem multidisciplinar e indivi

dualizada, especialmente nos casos refratários ao trata

mento convencional. A revisão enfatiza a importância do 

reconhecimento precoce dos componentes neuropáticos da 

dor musculoesquelética, visando melhor funcionalidade e 

qualidade de vida.
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Introduction

Neuropathic pain imposes a substantial economic 
and social burden, often leading to loss of productivity, 
increased healthcare costs, and long-term disability. 
Despite its prevalence, accurately diagnosing this 
condition remains a major clinical hurdle due to its 
complex and varied presentation1-4. While general 
prevalence rates of neuropathic pain hover between 
7% and 10%, this figure rises markedly in specific 
conditions such as diabetes, herpes zoster, and post-
surgical complications—where neuropathic mecha
nisms are frequently involved5. Moreover, neuropathic 
pain was more prevalent among women (60.5% of 
patients), reached a peak at 50–64 years of age, and was 
more frequently reported by manual workers, as well as 
among people from rural areas6.

Pain, according to the IASP, is an unpleasant 
sensory and emotional experience associated with, or 
resembling that associated with, actual or potential 
tissue damage3. Neuropathic pain is defined as a lesion 
or disease of the somatosensory system, which is 
responsible for the proprioception, sensorial, motor 

and thermic perception7,8. It is now considered as 
a distinct clinical entity despite a large variety of 
etiologies. Epidemiological surveys have shown that 
many patients with neuropathic pain do not receive 
appropriate treatment for their pain. This may be due 
to lack of diagnostic accuracy and the use of relatively 
ineffective drugs, but also insufficient knowledge about 
drugs action mechanism and effectiviness and their 
appropriate use in clinical practice4.

Typical neuropathic pain conditions such as pos
therpetic neuralgia, painful diabetic neuropathy, and 
central poststroke pain9, can pose diagnostic problems, 
but the underlying cause is obvious. For certain 
mixed conditions like complex regional syndrome, 
radiculopathy, it may be even more difficult to delineate 
the boundaries for neuropathic and non-neuropathic 
pain10.

Pure neuropathic pain has no literature in the 
orthopedic field, and its diagnosis within the specialty 
is associated with mixed pain characteristics, both 
nociceptive and neuropathic10. However, the prevalence 
of neuropathic pain is high in orthopedic diseases, 
therefore the objective of this review is to review 
neuropathic pain in orthopedic diseases11.

Definition and physiopathology 

The definition of neuropathic pain has changed 
since its first documentation, the newest and most 
accepted definition of the pathology is described 
as pain caused by a lesion or disease of the somato
sensory system7,8 whether peripheral or central. Unlike 
nociceptive pain, which results from tissue damage, 
This type of pain emerges from dysfunctions within 
the somatosensory pathways, often presenting with 
spontaneous pain like burning or shooting, and evoked 
pain such as hyperalgesia or allodynia. Following nerve 
damage, neuroinflammation is initiated, marked by 
activation of glial cells and cytokine release, which 
together foster a hypersensitive pain environment12. 
The underlying mechanisms include ectopic impulse 
generation in damaged or regenerating neurons (such 
as in neuromas, dorsal root ganglia, or thalamus), 
peripheral sensitization from ion channel changes 
(e.g., upregulation of Nav1.7 Nav1.8), and expression, 
increasing the excitability of sensory neurons. And 
central sensitization— an abnormal amplification of 
pain signals due to reduced inhibitory mechanisms 
and increased synaptic excitability in areas such as the 
dorsal horn of the spinal cord. Additional processes 
like glial activation, loss of inhibition, and maladaptive 
plasticity in the spinal cord and brain also contribute to 

Figure 1. DN4 Questionnaire for Neuropathic Pain Screening.

Source: Bouhassira et al. (2005)68. 
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chronicity and symptom diversity. Persistent neuronal 
hyperexcitability in neuropathic pain is sustained by 
genetic alterations, inflammatory signals, and disrupted 
descending pain control mechanisms13. Psychological 
and social dimensions, including stress and belief 
systems, may further influence how neuropathic pain 
evolves and persists14. Understanding that neuropathic 
pain pathophysiology has multiple mechanisms de
pending on the disease associated with it leads the 
paths for an efficient treatment8,15,16.

Clinical findings

Since no specific biomarker or definitive test exists, 
the diagnosis of neuropathic pain relies predominantly 
on clinical evaluation. Key elements for diagnostic 
confirmation include a detailed clinical history, pain 
localization consistent with somatosensory pathways, 
and detectable sensory alterations upon physical 
examination. Patients often report both spontaneous 
sensations and pain triggered by stimuli, reflecting 
the complex sensory processing alterations involved. 
Descriptive terms used by patients include burning, 
stabbing, shock-like, or cold-induced discomfort, which 
often arise without external provocation. These may 
occur intermittently or continuously, and are often 
accompanied by abnormal sensations such as pa
resthesia (unpleasant but not painful) or dysesthesia 
(unpleasant and painful). In some cases, spontaneous 
pain occurs in the absence of any stimulus, while in 
others, daily activities like clothing contact or cold air 
trigger significant discomfort. Among evoked respon
ses, allodynia—pain triggered by harmless stimuli—
and hyperalgesia—an exaggerated response to painful 
input—are frequently observed. Additional sensory 
disturbances include lingering pain after stimulus 
cessation (aftersensations), exaggerated reactions 
to repetitive input (hyperpathia), and pain felt away 
from the original site of injury (referred sensations)17. 
Given the diagnostic complexity, a comprehensive 
neurological exam plays a central role in confirming 
neuropathic pain, particularly through identification of 
sensory deficits. Table 1 outlines the sensory findings 
typically explored during clinical assessment, based on 
established neurodiagnostic criteria3,18. 

Questionnaires 

Even with established diagnostic frameworks, distin
guishing neuropathic pain from other chronic pain 
conditions often remains difficult due to overlapping 
clinical presentations and subjective and intermittent 

symptoms. Screening tools such as DN4 and 
painDETECT, when used alongside bedside sensory 
tests, serve as practical aids in recognizing neuropathic 
characteristics.

The Douleur Neuropathique 4 questionnaire (DN4), 
presented in figure 1, comprises 10 items—seven 
focused on reported symptoms and three derived 
from clinical examination. A total score of 4 or more is 
indicative of neuropathic pain, supported by its high 
sensitivity and specificity19. 

The painDETECT questionnaire, presented in fi
gure 2, was initially developed to detect neuropathic 
components in patients with lumbar pain, the but with 
time gained broader application across various chronic 
pain conditions. The painDETECT is a self-applicable 
questionnaire. Its structure includes four domains, 
assessing pain intensity, spatial distribution (pattern of 

Table 1. Signs and symptoms of neuropathic pain 

SYMPTOM DEFINITION PHYSICAL EXAM

Mechanical 
hypoesthesia 

Reduced perception, 
numbness for non 
painful mechanical 

stimulus

Touch the skin with 
mechanical stimulus 

Thermal 
hypoesthesia 

Reduced sensation 
thermal stimulus 

Touch the skin with 
thermal stimulus

Mechanical 
hypoalgesia

Reduced sensation 
to painful mechanical 

stimulus or blunt 
pressure

Light manual pressure

Thermal 
hypoalgesia

Reduced sensation 
to painful thermal 

stimulus 

Touch the skin with 
noxious thermal 

stimulus

Pall 
hypesthesia 

Reduced perception of 
vibration

Application of 64 Hz 
tuning fork over a 

bony prominence of 
the extremities, head 

or trunk

Paresthesia Non painful ongoing 
sensation (pins or 

needles) - numbness

—

Paroxysmal 
pain

Electric shock like pain —

Ongoing pain Painful ongoing 
sensation (often 

described as burning)

—

Allodynia Non painful 
mechanical stimulus 

evoke a painful 
sensation 

Stroking skin with a 
cotton

Mechanical 
hyperalgesia

Slight painful 
mechanical stimulus 
evoke an increased 

painful sensation

Light manual pressure 
with sharpened object
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pain course, body map and radiating pain), and sensory 
qualities and descriptions. Scores range from 1 to 
38, with values under 13 suggesting low probability 
and scores over 18 indicating likely neuropathic 
involvement20,21. Despite their utility, questionnaire 
outcomes do not always align with subjective patient 
experiences, highlighting the continued importance of 
clinical judgment in diagnosis.

Confirmatory exams 

Complementary tests such as imaging or electro
diagnostic studies assist in detecting structural or 
functional abnormalities within the somatosensory 
system. Within this classification model, neuropathic 
pain is categorized as “possible” (neurological lesion or 
disease; pain distribution neuroanatomically plausible), 
“probable” (pain requires supporting evidence obtained 
by a clinical examination of sensory signs) and “confirmed” 
(objective diagnostic test confirms the lesion or disease 
of the somatosensory nervous system)8,16,17. 

The diagnosis of neuropathic pain (NP) often requires 
complementary exams beyond clinical evaluation, es
pecially when a clear anatomical cause is suspected22. 
Electrodiagnostic methods—including NCS (nerve 

conduction studies) and EMG (electromyography)—
are valuable for characterizing the anatomical location 
and nature (axonal vs. demyelinating) of peripheral 
nerve involvement (mono, multi, or polyneuropathy), 
although their sensitivity is limited for small-fiber 
neuropathies23,24. Imaging is crucial when structural 
lesions are suspected, with each modality offering 
specific advantages based on the anatomical region 
and suspected pathology. X-rays are useful for bone 
pathologies, ultrasound (US) for superficial nerve 
entrapments and tumors, CT for bony and oncologic 
lesions, and MRI for evaluating both central and 
peripheral nervous system conditions. Each method 
offers specific advantages depending on cost, avai
lability, and the suspected condition25. Infrared ther
mography, a non-invasive tool, detects subtle skin 
temperature variations linked to neuropathic pain. 
Although it presents high sensitivity—particularly for 
conditions like CRPS and diabetic neuropathy—its 
specificity is lower, making it more useful as an adjunct 
rather than a standalone diagnostic tool26. The table 
below summarizes the main imaging techniques applied 
in the diagnostic investigation of neuropathic pain, 
outlining their respective strengths, limitations, and 
clinical indications (Table 2).

Figure 2. painDETECT Questionnaire for Identifying Neuropathic Pain.

Source: Adapted from Freynhagen et al. (2006)
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Neuropathic pain in orthopedic diseases

Although orthopedic conditions rarely manifest 
as purely neuropathic syndromes, neuropathic pain 
components are frequently observed across a wide 
range of musculoskeletal disorders. A common 
orthopedic condition of neuropathic pain is radi
culopathy27. Radicular pain often arises from inflam
mation or mechanical compression of spinal nerve 
roots, typically in the context of disc herniation or 
degenerative spinal pathology. The clinical presentation 
typically includes pain along the affected dermatome, 
frequently associated with sensory disturbances or 
motor impairment. Most common painful radiculopathy 
are cervical radiculopathy, lumbar radiculopathy and 
lumbar spinal stenosis. In contrast to other neuropathic 
syndromes, evoked pain such as tactile or thermal 
allodynia tends to be less pronounced in radiculopathy. 
Experimental evidence supports that inflammation and 
mechanical stress on the dorsal root ganglion (DRG) may 
trigger ectopic discharges, contributing to the genesis 
of radicular pain. Recent human studies using DRG 
recordings have demonstrated spontaneous activity 
correlated with pain severity, reinforcing the DRG’s 
role as a critical generator of radicular neuropathic 
pain17. Cervical radiculopathy typically manifests as 
sharp, electric-like pain radiating from the neck to 
the upper limb, driven by nerve root compression or 
irritation28. It is generally considered a mixed condition 
of nociceptive and neuropathic pain (NP).

Globally, low back pain remains a primary driver 
of disability. A substantial proportion of affected 
individuals also report leg pain, which exacerbates 
functional limitations and reduces quality of life. LBLP 

is clinically diagnosed as either sciatica or referred 
leg pain. Sciatica refers to radiating leg pain often 
extending below the knee, potentially accompanied 
by paresthesia, motor deficits, or altered reflexes in a 
dermatomal distribution. The pathophysiological me
chanisms underlying sciatica are thought to be neuro
pathic whereas those with underlying referred leg pain 
are thought to be nociceptive29.

Lumbar spinal stenosis, characterized by narrowing of 
the spinal canal with encroachment on neural structures 
surrounding bone and soft tissue, frequently involves 
a neuropathic component—present in approximately 
one-third of patients—due to simultaneous mechanical 
or ischemic compromise of neural structures30,31.

These orthopedic scenarios underscore the multi
factorial nature of pain in musculoskeletal conditions, 
where neuropathic mechanisms may overlap with no
ciceptive drivers.

Another frequent orthopedic condition is neuro
pathic pain after peripheral nerve injury. It is hetero
geneous condition that can arise after trauma, 
surgery, or compression of nerves. Despite similar 
degrees of injury, not all patients develop pain, 
suggesting that individual genetic, psychological, and 
neurophysiological factors modulate susceptibility. 
The primary mechanism involves ectopic discharges 
from damaged nerves, neuromas, or the dorsal root 
ganglia (DRG), generating ongoing and evoked pain. 
Upregulation of voltage-gated sodium channels 
(e.g., Nav1.3, Nav1.7, Nav1.8) and pro-inflammatory 
signaling pathways (e.g., p38 MAPK) contribute to 
neuronal hyperexcitability. Central sensitization and 
cortical reorganization are also implicated, especially 
in cases with referred pain, widespread allodynia, 
or phantom limb pain after amputation17. Amputees 
patients have a high prevalence of postoperative neu
ropathic pain, approximately 70% experience some type 
of pain, which can be intense in up to 15% of cases, 
and acute or chronic, depending on the duration. Post-
amputation pain can present itself in two forms, which 
often coexist in the same patient: pain in the residual 
limb or stump (PL) and phantom limb pain (PLP), a 
painful sensation referring to the limb or part of it 
that was surgically removed. Studies have reported 
that lower limb amputees patients suffering from PLP 
enrolled in imagery therapy programs present with 
significant pain reduction. However additional studies 
are suggested to strengthen the evidence32.

Trauma to the brachial plexus, frequently resulting 
from motorcycle accidents, is a severe cause of upper 
limb disability. Its impact extends beyond motor 

Table 2. Imaging Modalities in Neuropathic Pain

Method Advantages Limitations
Main 

Indications

X-ray Accessible, 
low cost

Poor soft 
tissue 

contrast

Trauma, 
osteoarthritis

US (Ultrasound) Dynamic, no 
radiation

Operator-
dependent

Entrapments, 
tumors

CT 3D imaging, 
good for 

bones

Radiation, 
soft tissue 

limits

Tumors, 
trauma

MRI High 
resolution, 

CNS & PNS

Expensive, 
slow

Neuropathies, 
tumors

TI 
(Thermography)

Non-invasive, 
detects temp 

change

Not specific CRPS, diabetic 
& small fiber 

NP
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function, often contributing to persistent neuropathic 
pain. The current treatments target on restoring the 
upper extremity function to the pre-injury status as 
much as possible. Current treatment strategies include 
microsurgical techniques such as nerve grafting, neu
rotization, and muscle transfers, aiming to restore both 
motor control and protective sensation. Satisfactory 
outcomes of shoulder abduction, elbow flexion and 
hand function have been reported. However, this severe 
disabling injury does not affect only on the physical 
functions but also psychological aspects from chronic 
pain33.

Carpal Tunnel Syndrome (CTS) is an entrapment 
neuropathy. The estimated prevalence is 5%- 16% in the 
general population. It occurs due to the compression 
of the median nerve beneath the transverse carpal 
ligament, and the increased pressure within the 
tunnel results in mechanical compression and/or local 
ischemia in the nerve.In carpal tunnel syndrome (CTS), 
patients typically experience hand pain, paresthesias, 
and reduced grip strength, often leading to functional 
impairment in daily tasks. While CTS is often linked to 
musculoskeletal overload, neuropathic components 
may emerge due to median nerve compression and 
associated ischemia34,35.

Post-traumatic neuropathic pain is a major factor 
affecting the quality of life after finger trauma and is 
reported with considerable variance in the literature. 
Post-traumatic neuropathic pain patients suffer from 
spontaneous pain in the absence of noxious stimuli.

Several other orthopedic conditions may not present 
with straight forward neural lesions however may 
develop neuropathic pain as frequently described in 
literature. Rotator cuff tear is one of the major causes 
of pain and dysfunction of the shoulder in the middle-
aged population. According to a recent epidemiological 
study, the prevalence of rotator cuff tears was found to 
be 20.7% in the general population, with a mean age of 
58 years (range, 22–87 years), and increased with age. 
Although rotator cuff injuries are typically nociceptive 
in nature, some patients report persistent pain 
unresponsive to standard anti-inflammatory therapy, 
suggesting a possible neuropathic component36,37.

Shoulder arthroplasty’s objective is to improve pain 
and disability of patients with advanced glenohumeral 
osteoarthritis. However postoperative pain following 
shoulder arthroplasty may persist in a subset of patients 
and can include both nociceptive and neuropathic 
elements, complicating recovery. 

The management of pain in patients with foot and 
ankle pathology can be challenging. Cumulative data 

suggest that, in addition to nociceptive mechanisms, 
other neuropathic mechanisms can contribute to 
pain in a subset of people with orthopedic conditions. 
Preoperative diagnosis of neuropathic pain (NP) can 
potentially change decision making and management of 
foot and ankle pathologies38,39 (Table 3).

Pain is a major symptom of patients with osteo
arthritis (OA) and has a variety of characteristics 
suggesting differing underlying mechanisms. Although 
OA is traditionally considered to be nociceptive, some 
patients describe aspects of their pain as burning or 
shooting. Such characteristics suggest mechanisms that 
are shared with neuropathic pain Despite the success of 
arthroplasty, a significant portion of patients experience 
chronic postsurgical pain (CPSP). CPSP seems to be 
the main cause of postoperative dissatisfaction.In fact, 
neuropathic pain has repeatedly been proposed as a 
major cause of persistent pain after TKA40,41.

These findings reinforce the need for orthopedic 
surgeons to recognize neuropathic features even in 
traditionally nociceptive conditions, particularly in 
postoperative and degenerative joint scenarios.

Treatment 

These orthopedic scenarios underscore the mul
tifactorial nature of pain in musculoskeletal condi
tions, where neuropathic mechanisms may overlap 
with nociceptive drivers.

Table 3. Prevalence of neuropathic pain in orthopedic conditions 

Orthopedic Condition Neuropathic Pain Prevalence 

Rotator Cuff Tear 15,8%

Shoulder osteoarthritis 13%

Shoulder Post Arthroplasty 22%

Brachial Plexus Injury 82,7%

Carpal Tunnel Syndrome 36-76,7%

Peritrochanteric Syndrome 31%

Hip Osteoarthritis 18,5%-24,5%

Hip Post Arthroplasty 5,5%-24%

Knee Osteoarthritis 36,5%-45,9%

Knee Post Arthroplasty 11%

Ankle Osteoarthritis 44,9%

Achilles Tendinopathy 29%

Morton Neuroma 63%

Neck Pain 50%

Low Back Pain 16-55%

Lumbar Spinal Stenosis 36%

Finger Amputation 18%
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Although orthopedic pathologies often involve 
mixed pain components, addressing the underlying 
musculoskeletal disorder remains a fundamental step 
in treatment. However, neuropathic pain may persist 
even after structural correction or functional recovery, 
requiring targeted interventions beyond orthopedic 
management alone42,43. Evidence increasingly supports 
a multidisciplinary strategy—integrating pharmacologic 
agents, rehabilitation protocols, and interventional 
techniques—for managing refractory neuropathic pain. 
Below we review literature recommended treatment 
for neuropathic pain.

Non pharmacological treatment 

Non-pharmacological intervention, led by rehabili
tation, plays a relevant role and should be implemented 
from the early phase of neuropathic pain management, 
acting in synergy with other interventions in order to 
achieve the best outcome. Although systematic reviews 
show the lack of evidence on various rehabilitative 
practices to treat this challenging condition42. 

Exercise can be considered as a feasible, and effective 
alternative treatment or complementary therapy for 
most patients with NP caused by different diseases. 
A few examples are neuromuscular rehabilitation, 
therapeutic exercise instruction, aquatic therapy. More 
high-quality randomized controlled trials are required 
to provide more superior evidence in the future44. 

Chronic pain patients can benefit from patient 
education measures, either when used alone or as part 
of an integrated cognitive-behavioral program, and for 
NP patients is no different, education around these 
issues can further help minimize the negative effects 
of stress, disabling beliefs, and upsetting emotions, 
Patient education and behavioral counseling can 
empower individuals to adopt strategies that mitigate 
the impact of chronic neuropathic pain, facilitating 
recovery of function and well-being10. However, psy
chotherapies (CBT and mindfulness) received weak 
recommendations as adjunctive treatments, with mo
derate-quality evidence supporting improvements in 
pain and quality of life45. 

Acupuncture and other alternative techniques, 
including mirror therapy and hypnosis, lack robust 
evidence in neuropathic pain management, though 
isolated studies suggest potential benefit in select 
cases46. Auricular acupuncture, aromatherapy, laser, 
and massage showed inconclusive evidence, while 
vitamin E had a weak recommendation against its use. 

TENS, often integrated into physiotherapy protocols, 
demonstrated modest analgesic effects and remains a 

viable option for localized peripheral neuropathic pain, 
albeit with limited strength of recommendation. While 
repetitive transcranial magnetic stimulation (rTMS) 
over the motor cortex was also weakly recommended. 
Other forms of rTMS (prefrontal cortex or insula), 
transcranial direct current stimulation (tDCS), and 
cranial electrotherapy stimulation (CES) had incon
clusive or weak-against recommendations45. The 
table below summarizes the evidence and strength 
of recommendation for various non-pharmacological 
modalities used in neuropathic pain (Table 4).

Pharmacological treatment

Although neuropathic pain may result from a wide 
range of conditions, current guidelines recommend 
a standardized pharmacological strategy based on 
shared mechanisms of pathophysiology. Its mana
gement remains challenging due to diagnostic limi
tations, variability in clinical presentation, and the 
modest efficacy of available drugs. Therapeutic choices 
must consider the underlying etiology and be tailored 

Table 4. Non pharmaceutical and non invasive treatments for 
neuropathic pain

Therapy Effectiveness Evidence Recommendation

Cognitive 
Behavioral 
Therapy (CBT)

Improved 
pain and QoL 
as adjunctive 

therapy

Moderate Weak in favor  
(as adjunct)

Mindfulness-
based therapy

Effective in 
diabetic NP; 

improves 
QoL and 

catastrophizing

Moderate Weak in favor  
(as adjunct)

Vitamin E No significant 
benefit in high-

quality trials

Moderate Weak against

Aromatherapy, 
laser, auricular 
acupuncture

Positive results 
in isolated trials 

only

Low to 
Moderate

Inconclusive

Mirror therapy, 
hypnosis, 
physiotherapy, 
acupuncture

No eligible trials 
found

No conclusion 
(lack of robust 

data)

TENS Modest 
analgesic effect, 

well tolerated

Moderate Weak in favor (for 
peripheral NP)

rTMS  
(motor cortex)

Prolonged 
analgesia in 

most studies

Moderate Weak in favor

rTMS  
(PFC, insula), 
tDCS, CES

No consistent 
benefit

Low Inconclusive or 
Weak against
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accordingly, even though many commonly used medi
cations are off-label for this indication. Moreover, the 
effectiveness of these drugs is often partial, and their 
use may be limited by side effects or risk of misuse43.

Treatment algorithms typically begin with first-line 
agents such as tricyclic antidepressants (e.g., ami
triptyline), gabapentinoids (gabapentin, pregabalin), 
and serotonin-norepinephrine reuptake inhibitors 
(duloxetine, venlafaxine). For localized neuropathic 
pain, topical formulations like lidocaine patches or 
capsaicin cream are recommended. Second- and 
third-line therapies include cannabinoids, botulinum 
toxin injections, and, in selected cases, weak or strong 
opioids47. Recent guidelines emphasize the importance 
of distinguishing between focal and generalized neu
ropathic pain syndromes, as therapeutic decisions 
may differ accordingly. This distinction is a cornerstone 
in the French algorithm for neuropathic pain ma
nagement45, which proposes tailored approaches 
depending on the distribution and nature of symptoms, 
as presented in figure 3.

Antidepressants

Tricyclic antidepressants (TCAs), particularly ami
triptyline, and serotonin-norepinephrine reuptake 

inhibitors (SNRIs), such as duloxetine and venlafaxine, 
are consistently cited in clinical guidelines as first-line 
options for the treatment of neuropathic pain. Their 
analgesic effect is thought to involve modulation of 
descending inhibitory pathways, primarily through 
increased availability of serotonin and noradrenaline 
at the spinal level. Beyond monoaminergic modulation, 
TCAs also exhibit interactions with sodium channels, 
NMDA receptors48, and opioid receptors, which may 
enhance their efficacy in certain clinical scenarios. 
These agents can provide meaningful pain relief even in 
patients without comorbid depression, supporting their 
role as analgesics rather than purely psychotropics. 
Notably, the therapeutic response often requires two 
to four weeks to emerge, a timeframe longer than that 
observed with traditional analgesics, which suggests 
involvement of neuroadaptive processes rather than 
immediate receptor activation49. The evidence base 
supporting their use includes multiple randomized 
controlled trials and meta-analyses, particularly in 
diabetic neuropathy, postherpetic neuralgia, and 
radiculopathy. Their benefit must be balanced with 
tolerability, especially regarding anticholinergic side 
effects, which may limit their use in older or frail 
populations48.

Figure 3. French algorithm for neuropathic pain management.

Source: Adapted Moisset et al. (2020).
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Gabapentinoids

Gabapentinoids, initially developed as anticon
vulsants, have demonstrated consistent efficacy in 
managing neuropathic pain, particularly in cases cha
racterized by burning sensations and sensory hy
persensitivity. Their mechanism involves modulation of 
voltage-gated calcium channels, resulting in decreased 
excitatory neurotransmitter release and attenuation of 
central sensitization. Gabapentin was the first agent of 
this class, originally approved for partial seizures and 
subsequently for diabetic neuropathy and postherpetic 
neuralgia. Its pharmacokinetics are nonlinear, with 
variable absorption that necessitates gradual dose 
escalation and divided dosing, sometimes reaching 
up to 3600 mg/day. Despite a slower onset of action, 
gabapentin is generally well tolerated, particularly in 
older adults. Pregabalin, a second-generation molecule, 
offers improved pharmacokinetic predictability, higher 
bioavailability, and faster onset. It typically requires 
lower doses with twice-daily administration. While it 
is often better tolerated overall, side effects such as 
dizziness, somnolence, peripheral edema, and blurred 
vision are dose-dependent and more frequently 
observed. Confusion and ataxia are also reported, 
especially in elderly individuals. Rare cases of misuse 
and dependence have been noted for both drugs, but 
these are typically reversible upon dose reduction or 
discontinuation48,50.

Topical use medications

For localized neuropathic pain (LNP), topical agents 
provide a targeted and safer alternative, particularly in 
patients who are unable to tolerate systemic therapies. 
Among these, 5% lidocaine patches are recommended 
as a first-line treatment, while 8% capsaicin patches are 
often used as a second-line option. 

Lidocaine exerts its effect primarily through sodium 
channel blockade on damaged or sensitized peripheral 
nerve fibers, without significantly affecting normal 
sensation. It may also modulate TRPV1-positive fibers 
and exerts additional local anti-inflammatory and 
anesthetic effects51.

Capsaicin, derived from chili peppers, activates 
TRPV1 receptors located on nociceptors, leading 
to an initial depolarization followed by reversible 
defunctionalization of the nerve terminals. Although 
the initial application may provoke burning pain, 
erythema, and discomfort, these symptoms usually 
resolve within a few hours. The 8% capsaicin patch has 
shown effectiveness in chronic peripheral neuropathic 

pain and may outperform systemic agents in selected 
patients. Its prolonged analgesic effect—lasting weeks 
to months—makes it a useful option, though application 
must be performed in a clinical setting due to its 
intense local irritant effect. Premedication with topical 
anesthetics and close monitoring are often required48,52.

Botulinum toxin (BTX)

Botulinum toxin (BTX), traditionally used for the 
treatment of spasticity and dystonia, has gained atten
tion in recent years as a potential agent for neuropathic 
pain management. Its mechanism involves the inhibition 
of neurotransmitter release, including substance P and 
glutamate, from peripheral sensory neurons. Clinical 
studies have demonstrated its efficacy in conditions 
such as postherpetic neuralgia, trigeminal neuralgia, 
and peripheral nerve injury53. Although its analgesic 
effect may persist for several months, its use remains 
off-label in most countries and is generally considered 
when first-line treatments have failed40.

Opioids

Opioids used in neuropathic pain (NP) differ from 
traditional agents by exerting multimodal actions beyond 
mu-opioid receptor activation. Drugs like tramadol and 
tapentadol, for instance, combine weak opioid effects 
with inhibition of monoamine reuptake, which may 
contribute to enhanced analgesia in NP. Methadone 
adds NMDA antagonism to its opioid profile, which is 
particularly useful in refractory cases. Despite these 
properties, opioids are generally reserved for second- 
or third-line use due to concerns about dependence, 
tolerance, and side effects45.

Current evidence suggests that opioids can provide 
modest relief in neuropathic pain, but with conside
rable risk. A Cochrane review by Häuser et al.54 (2022) 
showed that while opioids may reduce pain intensity 
in some patients, the effect size is small and often not 
sustained long term. Therefore, their role should be 
limited to selected patients with severe, refractory NP 
and under close clinical monitoring48,54.

Cannabinoids

Cannabinoid-based therapies have gained growing 
interest in chronic pain management, particularly for 
neuropathic pain of central origin. Their mechanism 
involves activation of CB1 and CB2 receptors, modu
lating nociceptive pathways and neuroinflammation55. 
Evidence supporting their use in NP remains limited and 
inconsistent. 
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A systematic review by Mücke et al.56 (Cannabinoids 
for chronic neuropathic pain, Cochrane 2018) con
cluded that cannabinoids may offer slight pain relief 
compared to placebo, but the number needed to treat is 
high, and side effects such as dizziness and sedation are 
common. As such, cannabinoids are considered a third-
line option in NP management, recommended only after 
standard treatments fail48,56.

Other medications

Several adjuvant agents have been investigated 
in neuropathic pain with varying degrees of success. 
These include B-complex vitamins, alpha-lipoic acid 
(thioctic acid), palmitoylethanolamide (PEA), and 
nucleotide-based compounds, which may exert 
neuroprotective or anti-inflammatory effects. Other 
anticonvulsants such as oxcarbazepine, lamotrigine, 
and lacosamide have demonstrated limited efficacy in 
randomized controlled trials45. Intravenous lidocaine 
and ketamine demonstrated short-term benefit (1 to 
3 weeks) but no sustained relief. These are suggested 
only for acute exacerbations of neuropathic pain, with 
weak recommendations based on low to moderate-
quality evidence45. Clonidine, a central alpha-2 agonist, 
has been used in selected cases, particularly for 
sympathetically maintained pain. These agents are 
generally considered adjuncts and are rarely effective 
as monotherapies48. Table 5 presents recommendations 
for neuropathic pain medication.

Invasive treatment

In cases where neuropathic pain (NP) remains re
fractory to pharmacological strategies, interventional 
approaches may be considered, particularly in ortho
pedic contexts such as lumbar disc herniation, complex 
regional pain syndrome (CRPS), nerve entrapment 
syndromes (e.g., carpal and cubital tunnel), and post-
traumatic neuropathies. The primary aim of these 
techniques is not only symptom control, but also the 
restoration of function and quality of life through 
targeted neural modulation57. Interventional pain 
management is growing rapidaly, offering several 
techniques to relieve neuropathic pain as summarized 
in Table 6.

Nerve blocks

Peripheral nerve blocks, often performed under 
ultrasound guidance, offer both diagnostic and 
therapeutic benefits. These procedures involve the 
administration of local anesthetics—sometimes com

bined with corticosteroids—near specific nerves or 
fascial planes. Their use is well-established in con
ditions like postherpetic neuralgia, radiculopathy, and 
failed back surgery syndrome. Ultrasound guidance 
enhances safety and precision by providing real-time 
anatomical visualization, enabling techniques such 
as hydrodissection, selective nerve blockades, and 
perineural drug delivery58.

A particularly promising technique is the erector 
spinae plane (ESP) block, which involves the deposition 
of anesthetic deep to the erector spinae muscle, 
targeting the dorsal and ventral rami of thoracic spinal 
nerves. It produces a multi-dermatomal analgesic effect 
and has been successful in managing refractory thoracic 
neuropathic pain. Unlike more anterior plane blocks 
(e.g., pectoral or serratus blocks), the ESP block provides 
both posterior and anterior coverage, and its consistent 
sonoanatomy supports catheter-based applications for 
continuous analgesia59.

Other ultrasound-guided procedures, such as sym
pathetic blocks (e.g., stellate ganglion block) and 
targeted interventions for occipital neuralgia, genicular 
neuropathic pain, and postsurgical syndromes, con
tinue to expand the interventional toolbox in NP ma
nagement. The evidence base for these modalities 
is growing, and they are increasingly integrated into 
multimodal treatment plans for patients unresponsive 
to conventional therapies58.

Intrathecal therapies 

Intrathecal therapies have been explored in the 
management of refractory neuropathic pain, parti
cularly in cancer-related and spinal conditions. 
However, clinical evidence remains limited. The use 
of intrathecal methylprednisolone, for example, has 
yielded inconclusive results due to methodological 
concerns and lack of reproducibility in clinical trials. 
Similarly, other agents such as morphine, clonidine, and 
ziconotide have not been rigorously studied in high-
quality trials specifically targeting neuropathic pain, 
precluding strong recommendations for their routine 
use. As such, these interventions are typically reserved 
for highly selected cases within multidisciplinary pain 
programs61.

Radiofrequency

Pulsed radiofrequency (PRF) delivers low-tem
perature electrical fields to targeted nerves, modu
lating their function without causing thermal neu
rolysis. This technique has shown some benefit, 
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Table 5. Medication used for neuropathic pain, dosage, side effects and recommendations.45

Medication
Dosage (Typical 

Range)
Side Effects Recommendations Line of Treatment

Duloxetine 60-120 mg/day Nausea, dry mouth, 
somnolence, loss of appetite

Strong First-line

Venlafaxine 150-225 mg/day Hypertension, nausea, 
insomnia

Strong First-line

Gabapentin 1200-3600 mg/day Dizziness, drowsiness, 
peripheral edema

Strong First-line

TCA 25-150 mg/day Anticholinergic effects, 
hypotension, cardiac toxicity

Strong First-line

Lidocaine Plasters 1-3 plasters/ 
12hs/day

Local skin irritation Weak First-line  
(peripheral NP)

Pregabalin 150-600 mg/day Dizziness, drowsiness,  
weight gain

Weak (due to misuse risk 
and low efficacy)

Second-line

Capsaicine patches 1-4 patches every  
3 months

Burning sensation at 
application site

Weak Second-line 
(peripheral NP)

Botulinum Toxin 50-300UI every  
3 months

Injection site pain,  
muscle weakness

Weak Second-line

Combination Therapy Varies drugs Additive side effects depending 
on combination

Weak Second-line/ 
Third Line

Tramadol 100-400 mg/day Nausea, dizziness, potential 
for abuse

Weak  
(short term use only)

Second-line

Strong Opioids (morfine) <120 mg/day Constipation, sedation,  
risk of dependence

Weak  
(last resort, high risk)

Third-line

Strong Opioids (oxycodone) <120 mg/day Constipation, sedation,  
risk of dependence

Weak  
(last resort, high risk)

Third-line

Strong Opioids (Tapentadol) 500-600 mg/day Nausea/vomiting, constipation, 
lethargy, seizures, ataxia

Weak  
(last resort, high risk)

Second-line

Capsaicin cream 0.025-0.075 cream Skin irritation Inconclusive Not Recommended

Clonidine (topical) varies Hypotension (topical) Inconclusive Not Recommended

Oxcarbazepine varies Dizziness, nausea, 
hyponatremia

Inconclusive Unclear

Lacosamide Varies Dizziness, fatigue, nausea Inconclusive Unclear

IV Ketamine 0.25-1 mg/kg/day Hallucinations, liver/ 
kidney toxicity

Inconclusive Not Routine

IV Lidocaine 3-7.5 mg/kg/day Cardiac arrhythmias, 
hypotension

Inconclusive Not Routine

Cannabinoids Varies (e.g sativa) Drowsiness, dizziness, 
cognitive effects

 Inconclusive Not Routine

Table 6. Invasive treatments for neuropathic pain

Therapy Effectiveness
Quality of 
Evidence

Recommendation

Nerve blocks Conflicting results  
(positive and negative trials)

Moderate Inconclusive

Intrathecal methylprednisolone Non-reproducible and  
criticized results

Low to 
Moderate

Inconclusive

Intrathecal morphine, clonidine, etc. No neuropathic pain-specific  
high-quality trials

— Inconclusive

Pulsed radiofrequency Effective only for thoracic PHN Moderate Weak in favor (for thoracic PHN only)

Spinal cord stimulation (SCS) Large effect sizes, open-label studies Moderate Weak in favor (for FBSS and diabetic NP)

DRG stimulation / EMCS Sparse or inconsistent data Low Inconclusive
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particularly in thoracic postherpetic neuralgia (PHN), 
where moderate-quality studies support a weak 
recommendation. While the mechanism is not fully 
understood, PRF may influence pain pathways by 
altering gene expression and inflammatory signaling in 
sensory neurons. Evidence remains limited to specific 
indications, and its use should be individualized45.

Conventional radiofrequency ablation (RFA) employs 
thermal lesions to interrupt pain transmission pathways 
and has become an established option for localized, 
refractory neuropathic pain. It is commonly applied 
to genicular nerves for chronic knee pain, dorsal root 
ganglia in radiculopathy, and medial branches for facet-
related spinal pain. Compared to nerve blocks, RFA 
offers longer-lasting relief, often reducing the need 
for opioids and improving physical function. Repeated 
treatments may be necessary, but overall, the technique 
is well tolerated and increasingly used in outpatient 
settings61. 

Invasive neurostimulation (Neuromodulation)

Invasive neuromodulation techniques such as 
spinal cord stimulation (SCS) and dorsal root ganglion 
(DRG) stimulation have become important options in 
the treatment of refractory neuropathic pain. These 
modalities are particularly indicated in conditions like 
failed back surgery syndrome (FBSS), complex regional 
pain syndrome (CRPS), and painful diabetic neuro
pathy. In these cases, conventional pharmacological 
approaches often fail to provide adequate relief, and 
patients may experience improved outcomes through 
targeted neuromodulation45,61-63.

SCS works by delivering electrical impulses to the 
dorsal columns of the spinal cord via epidural electrodes, 
which modulate the transmission of pain signals 

through both segmental and supraspinal mechanisms. 
This includes activation of inhibitory interneurons, 
suppression of wide dynamic range neurons, and 
facilitation of descending inhibitory pathways. DRG 
stimulation offers a more focal approach by targeting 
specific sensory ganglia, allowing for precise modulation 
of dermatomal pain, especially in focal syndromes such 
as groin or foot pain.

Evidence for SCS has strengthened significantly 
in recent years. A 2021 systematic review and meta-
analysis by Duarte et al.64 (JAMA Neurology) concluded 
that SCS provides moderate-quality evidence for pain 
reduction in FBSS and diabetic neuropathy. Therefore 
Neuromodulation Appropriateness Consensus Committee 
(NACC) and other international guidelines assign 
a moderate to strong recommendation for SCS in 
carefully selected patients with FBSS and CRPS (Level 
of Evidence: B)64-67.

Conclusion

Neuropathic pain represents a severe clinical entity 
with profound negative effects on patients’ quality of life, 
frequently resulting in suffering, disability, and signifi
cant social and economic burden. Within orthopedic 
conditions, neuropathic pain is highly prevalent and 
often coexists with mechanical and inflammatory 
nociceptive components. When unrecognized, its pre
sence leads to inadequate treatment strategies and poor 
therapeutic outcomes. Therefore, it is essential that 
orthopedic specialists—and other professionals involved 
in musculoskeletal care—develop the ability to identify 
neuropathic pain and remain up to date with evidence-
based guidelines to ensure optimal, individualized 
management, whether through pharmacological, inter
ventional, or multidisciplinary approaches.
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