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Abstract

Multiple sclerosis is a chronic inflammatory disease that affects the central nervous system and can cause various types of
pain including ongoing extremity pain, Lhermitte’s phenomenon, trigeminal neuralgia, and mixed pain. Neuropathic pain is
a major concern for individuals with multiple sclerosis as it is directly linked to myelin damage in the central nervous system
and the management of neuropathic pain in multiple sclerosis is challenging as the options available have limited efficacy and
can cause unpleasant side effects. The literature search was conducted across two databases, PubMed, and Google Scholar.
Eligible studies included clinical trials, observational studies, meta-analyses, systematic reviews, and narrative reviews.
The objective of this article is to provide an overview of literature on pharmacological and non-pharmacological strategies
employed in the management of neuropathic pain in multiple sclerosis. Pharmacological options include cannabinoids,
muscle relaxants (tizanidine, baclofen, dantrolene), anticonvulsants (benzodiazepines, gabapentin, phenytoin, carbamazepine,
lamotrigine), antidepressants (duloxetine, venlafaxine, tricyclic antidepressants), opioids (naltrexone), and botulinum toxin
variants, which have evidence from various clinical trials. Non-pharmacological approaches for trigeminal neuralgia may
include neurosurgical methods. Non-invasive methods, physical therapy, and psychotherapy (cognitive behavioral therapy,
acceptance and commitment therapy and mindfulness-based stress reduction) may be recommended for patients with
neuropathic pain in multiple sclerosis. The choice of treatment depends on the severity and type of pain as well as other
factors, such as patient preferences and comorbidities. There is a pressing need for healthcare professionals and researchers
to prioritize the development of better strategies for managing multiple sclerosis-induced neuropathic pain.

) ) i Multiple sclerosis (MS) is a chronic progressive immuno-
Anticonvulsants and antidepressants are the first line logical inflammatory disease that affects myelinated axons
of treatment for neuropathic pain in multiple sclerosis, in the central nervous system (CNS) [1]. Nearly three mil-
while opioids, cannabinoids, muscle relaxants, and

oF _ lion people globally have MS [2]. Multiple sclerosis is a
nanomedicine may have potential effects. major cause of non-traumatic neurological disability in

Transcutaneous electrical nerve stimulation, noninvasive young people in many countries [3]. Because of the com-
brain stimulation, psychotherapy, and physical therapy plicated pathophysiology and widespread nature of MS,
may be recommended for treating neuropathic pain both its clinical presentation and course are extremely
associated with multiple sclerosis as an addition to diverse. Symptoms of MS include mobility, visual and sen-
medications. sory disturbances, cerebellar symptoms, sphincter control

irregularities, fatigue, memory, and cognitive and emo-
tional issues. Pain is one of the most common symptoms
among people with MS. Its prevalence could vary up to
90%. Patients with MS may feel pain of numerous causes
and locations [4, 5]. The pain experienced by patients with
MS can be either acute or chronic in nature. Based on the

Neurosurgical methods are usually used to treat
trigeminal neuralgia in patients with multiple sclerosis.

Extended author information available on the last page of the article

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-024-01072-5&domain=pdf
http://orcid.org/0000-0002-7198-5498
http://orcid.org/0000-0002-4106-409X
http://orcid.org/0000-0001-8867-7603
http://orcid.org/0000-0002-2991-9833
http://orcid.org/0000-0003-0622-0322
http://orcid.org/0000-0002-8759-3560
http://orcid.org/0000-0003-0987-6503
http://orcid.org/0000-0001-7336-0822
http://orcid.org/0000-0002-1401-9154
https://orcid.org/0000-0003-2499-4874
https://orcid.org/0000-0001-5648-7506

206

A.D. Shkodina et al.

pathophysiological mechanisms, the pain in MS is catego-
rized as nociceptive (pain associated with optic neuritis,
musculoskeletal pain secondary to postural anomalies,
low back pain, migraine, tension-type headache, and treat-
ment-induced pain), neuropathic pain (NP) in the form of
ongoing extremity pain, Lhermitte’s phenomenon, trigemi-
nal neuralgia, or mixed pain (painful tonic spasms and
spasticity pain) [6, 7]. Over last decade, NP has become
a major concern for individuals with MS owing to its
direct connection to myelin damage in the CNS, which
creates significant obstacles to treatment [8]. The overall
prevalence of NP in the MS population is reported up to
29% [9]. As for the types of NP, ongoing extremity pain
is present in 12-28% [6, 10], Lhermitte’s phenomenon in
9-41% [11], and trigeminal neuralgia in 5-35% of patients
with MS [12, 13]. In MS (even in the early stages of the
disease), NP is strongly linked to fatigue, depression, and
disability [14-16], it also interferes with the majority of
daily activities, thereby reducing the quality of life [15,
17]. Although depression does not cause pain, it might
make it feel more intense [18]. There has been a paucity of
well-controlled trials in patients with MS to examine the
efficacy of recognized pain-relieving medications [19]. As
a result, management recommendations for NP in MS are
generally guided by results of NP treatment in other dis-
eases, therefore treatment options include: tricyclic anti-
depressant amitriptyline, gabapentinoids (pregabalin and
gabapentin), serotonin-norepinephrine reuptake inhibitor
medications (venlafaxine and duloxetine), cannabinoids,
opioids, botulinum toxin, and non-medication-based treat-
ment methods (targeted physical therapy, psychotherapy,
acupuncture, radiotherapy, transcutaneous electroneuro-
stimulation [tENS], functional neurosurgery) [4, 20]. The
significant occurrence of NP in MP, its early onset, and
its detrimental effect on patients require careful attention.
There are limited options available to manage MS-related
NP, and their application is frequently accompanied by
unpleasant side effects. As a result, there is an urgent med-
ical need to find new pharmacological and non-pharma-
cological targets that have better tolerance, lower toxicity,
and increased efficacy.

2 Methodology

This narrative review aims to explore and discuss the
literature on pharmacological and non-pharmacological
strategies employed in the management of NP among
individuals afflicted with MS. To identify relevant studies,
a comprehensive search was performed across two
databases, PubMed and Google Scholar. The search date
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ranged from the earliest available date to August 2023.
The search query used included keywords: “Multiple
Sclerosis,” “Neuropathic Pain,” “Chronic Central Pain,”
“Ongoing Extremity Pain,” “Lhermitte's Phenomenon,”
“Trigeminal Neuralgia,” “Medications,” “Pharmacological
treatment,” “Non-Invasive,” “Neurosurgical Treatment,”
“Psychotherapy,” “Psychological Interventions,” “Physical
Therapy,” “Rehabilitation,” and “Physical Exercise.”
The eligible studies included clinical trials, observational
studies, meta-analyses, systematic reviews, and narrative
reviews. The selection of these publication types aimed
to ensure a thorough review and appraisal of available
evidence. Specific exclusion criteria included studies that
were not published in English, animal studies, and research
protocols. Furthermore, studies, articles, or sources that did
not substantively address NP management in the context
of MS, and those that did not fall within the scope or
relevance of the review were excluded from consideration.
The subsequent sections of this narrative review present a
synthesis of the findings derived from the selected studies
and offer insights into NP in MS and its management.

3 Review of Literature

3.1 Central NP Syndromes in MS: Pathogenesis
and Clinical Features

The majority of patients with MS experience NP and other
pain syndromes throughout disease progression. The three
main types of central NP in MS are ongoing extremity
pain, Lhermitte’s phenomenon, and trigeminal neuralgia
[7]. Central NP can be identified in MS at any stage of the
disease: at the outset, during an exacerbation, or weeks and
months later [21].

Truini et al. suggest the mechanism-based classification
of pain syndromes includes nine main types that are patho-
genetically associated with MS [7]. Regardless of the type
of pain, there is a relationship between pain and the course
of the disease, its duration, and patient age [22]. At the same
time, there is no convincing evidence that the prevalence
or type of pain in patients with MS is related to the type of
disease, duration of the disease, or demographics, but rather
depends on the part of the nervous system involved. Most
pain in MS is attributed to central NP [23, 24], which can
be continuous, develop suddenly and without warning (par-
oxysmal), be triggered by mechanical or thermal stimula-
tion, or most commonly, manifest as a mix of these variables
(most commonly) independent of the localization of lesions
in the CNS. Similarly, central NP can be deep, superficial, or
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a combination of both. It generally has moderate-to-severe
severity and restricts patients’ functioning skills [25].

Pathophysiological changes and chronicization of NP
in MS include increased neuronal excitability in pain
conduction pathways. Neuronal hyperexcitability is an
important mechanism underlying hypersensitivity to pain in
various pathological conditions [26]. The sensory pathway
involves primary sensory neurons in the posterior root
ganglia that detect harmful stimuli through their peripheral
projections, and send pain information to the posterior horns
of the spinal cord through central projections. In addition,
second-order sensory neurons and excitatory or inhibitory
interneurons in the posterior horns receive projections
from supraspinal sites that control pain transmission,
combine signals in the posterior horns, and send them to
different brain regions, where pain perception and emotional
responses to pain are formed [27]. The areas of the brain
associated with painful symptoms include the cingulate and
insular cortex, amygdala, and brainstem [28].

The study comparing neuroimaging signs in patients
with MS with and without central pain found no associa-
tion between central pain and the localization of demyeli-
nation in the CNS. The authors suggest that central pain in
MS may be associated not with the lesions’ localization,
but with changes at the cellular level. At the same time,
patients with MS pain mostly had an intact thalamo-cortical
pathway, which ensured the perception and awareness of
pain by the patient, indicating the importance of its func-
tion in the formation of pain syndrome [29]. Another study
found a predominance of bilateral periventricular poste-
rior lesions in patients with NPs in MS, which can dam-
age the transmission of nociceptive impulses through the
thalamocortical pathway, which manifests clinically with
persistent pain. At the same time, a lower probability of NP
was demonstrated in patients with right dorsolateral pre-
frontal area lesions [30]. Central sensitization is manifested
by increased sensitivity to harmless (allodynia) or harmful
(hyperalgesia) stimuli, or spontaneous pain. This can occur
in MS and is independent of damage to the peripheral nerv-
ous system [31]. Central sensitization is associated with
excessive processing of impulses from nociceptors in the
CNS, one such mechanism is glutamate NMDA receptor-
mediated sensitization [32]. Baron et al. suggest that it is
due to the increased release of glutamate, impaired gluta-
mate uptake, and glutamate receptor overactivation in the
neurons of the posterior horns involved in pain processing
that increases the efficiency of excitatory synapses [33].
Increased activity, expression, and trafficking of ionotropic
glutamate receptors, such as a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid and N-methyl-p-aspartate recep-
tors, have also been observed in second-order sensory organs
of hindbrain neurons [34]. Metabotropic glutamate receptors
also induce the release of Ca2+ from intracellular stores and

activate kinases such as phosphatidylinositol-3-kinase and
mitogen-activated protein kinase. Activated kinases, in turn,
phosphorylate ion channels and receptors involved in pain
mechanisms, changing their activity, leading to increased
synaptic efficiency [35]. These processes increase neuronal
excitability and reduce the inhibitory activity of GABAergic
interneurons and additional extra-neuronal actions. In other
words, activated glia and infiltrating immune cells secrete
pro-stimulatory cytokines, such as tumor necrosis factor-o
and interleukin-1p, which increase excitatory currents and
decrease inhibitory currents in the dorsal horn neurons.
Reactive astrocytes are associated with hyperalgesia owing
to this pathogenesis are shown in Fig. 1 [36].

The central sensitization also involves the system of
circadian rhythm regulation through the interaction of glial
and neuronal cells in the spinal cord and neuroinflammation
[37-39]. In addition, descending noradrenergic and
serotonergic projections to the dorsal horn inhibit or
facilitate pain transmission, respectively. Thus, damage
to the descending pain pathways modulates chronic
pain [40, 41]. Patients with MS often have lesions in the
periaqueductal gray matter, which is an important center
that controls the modulation and spread of pain along the
descending pathways and has an analgesic effect during
stimulation [42]. Meanwhile, GABAergic cells in the ventral
medial horn project to the dorsal horn and contribute to
mechanical nociception by inhibiting spinal GABAergic
interneurons [43]. It is important to mention that supraspinal
glia also contribute to NP modulation via descending
pathways through the release of soluble mediators. It was
found that the expression of sodium channels is increased
in demyelinating lesions of MS [44].

3.2 Ongoing Extremity Pain

Because of some ambiguity in the terminology of sensory
disorders, it was proposed in 2011 that the condition in
MS is characterized by “persistent (and often burning)
pain, primarily in the legs and feet” is classified as ongoing
extremity pain rather than dysesthetic pain [45]. Ongoing
extremity pain affects 12-28% of patients with MS, is
more prevalent in progressive MS, can be detected as
early as disease onset, and is one of the most severe types
of pain [6, 10]. Patients usually describe an unpleasant
painful sensation of cold, tingling, itching, numbness, and
pulsations, mainly in the lower legs and feet, which may
indicate the central mechanisms of pain formation. However,
symmetrical bilateral pain with distal localization is known
to be more characteristic of peripheral polyneuropathy.
There is convincing evidence to exclude peripheral nerve
damage in MS as the cause of ongoing extremity pain [46].

The exact mechanisms underlying ongoing extremity
pain are not fully understood. This may be explained by
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Fig. 1 Proposed mechanisms of central neuropathic pain in multiple
sclerosis. APC adenomatous polyposis coli, ATP adenosine triphos-
phate, BDNF brain-derived neurotrophic factor, CK/a casein kinase
la, DAMPs damage-associated molecular patterns, GSK-3f glyco-
gen synthase kinase 3p, /L interleukin, NCX Na+-Ca2+-exchanger,
NMDA N-Methyl-D-aspartate, mGluR metabotropic glutamate recep-

the anatomy of the sensory pathways. Specifically, the
relevant spinal thalamic fibers are lengthy, increasing
their susceptibility to demyelination in superficially
located spinal lesions. Thalamocortical fibers for facial
sensations diverge laterally, while those for the feet
run closer to the lateral ventricle, making them more
vulnerable to the pathological process, particularly in the
presence of periventricular lesions typical of MS [47, 48].
Additionally, spinal cord lesions can disrupt spinothalamic
pain transmission or result from the dysfunction of
GABAergic interneurons. This is confirmed by the
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tors, PAMPs pathogen-associated molecular patterns, PMCA2 plasma
membrane Ca2+ ATPase 2, RNS reactive nitrogen species, ROS reac-
tive oxygen species, TCF/LEF T-cell factor/lymphoid enhancer-bind-
ing factor, TNF tumor necrosis factor, TRK B tropomyosin receptor
kinase B

detection of areas of demyelination in the cervical and
thoracic spinal cord using neuroimaging [8].

3.3 Lhermitte’s Phenomenon

Lhermitt’s phenomenon is defined as “an attack-like
sensation or NP that can develop as a result of direct or
indirect demyelinating lesions of the brain and/or spinal cord
and is caused by flexion or movement of the neck.” Patients
also describe their sensations as “‘a transient, short-term
sensation associated with bending the neck, which is felt in
the back of the neck, lower back, or other parts of the body”
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[6, 49]. There are a few studies showing the prevalence of
Lhermitte’s phenomenon in MS, with the incidence range
from 9 to 41% [7, 11]. Currently, the pathophysiology of
Lhermitte’s phenomenon is considered to be associated with
demyelination of the dorsal columns of the spinal cord in
the cervical region. As a result of focal demyelination of
ascending sensory pathways, areas of depolarization and
hyperexcitability of axon membranes are formed, which
in turn become a source of pathological ectopic impulsion
and cause paroxysmal neuropathic sensations, and neck
movement activates ascending demyelinated spinal thalamic
pathways at the cervical level [50]. Magnetic resonance
imaging data confirms this hypothesis, namely, lesion
formation in the cervical spine was detected in 95% of
patients with Lhermitte’s phenomenon compared with52%
of patients without this symptom [51]. Current studies
on the pathogenesis of Lhermitte’s phenomenon have
revealed dysfunction of GABAergic systems, microglial
activation, and proinflammatory cytokines, as well as
molecular mechanisms of CREB phosphorylation and
other transcription factors in the CNS, which increase
hyperexcitability and pain. The reduction in tumor necrosis
factor-alpha concentration in Lhermitte’s phenomenon has
also received attention, as it may enhance impulse activity
in unmyelinated Ad and C fibers, which play a role in
nociception [8, 23, 52].

It should be noted that Lhermitte’s phenomenon is not
specific to MS; it occurs under many other conditions [49]. It
is temporary, manifesting for a few weeks, and it disappears
spontaneously; therefore, a careful differential diagnosis
should be made, especially with pathological processes at the
cervical level [10, 51]. The current diagnosis of Lhermitte’s
phenomenon is mainly based on the characteristic clinical
picture and anamnesis, as there are no routine objective tests
for its evaluation or treatment.

3.4 Trigeminal Neuralgia

The current classification of trigeminal neuralgia is divided
into idiopathic (no cause can be identified), classic (due to
vascular compression of one or more trigeminal roots), and
secondary (due to neurological disease (MS lesion) or tumor
compression of the angle of the cerebellar bridge). Multiple
sclerosis is the most common cause of secondary trigeminal
neuralgia, as suggested by the findings of a 20-fold increased
risk of trigeminal neuralgia in patients with MS [53, 54]. For
a long time, it was assumed that the main cause of trigeminal
fiber demyelination in trigeminal neuralgia was vascular
compression in the area before the nerve enters the pons, and
trigeminal neuralgia in MS is associated with demyelinating
plaques in the area immediately after entering the pons

[55, 56]. Modern neuroimaging techniques have shown
that trigeminal neuralgia can also be caused by lesions
along the nerve in MS [57]. There is often concomitant
neurovascular compression of the trigeminal nerve in MS
in addition to demyelinating plaque at the entrance to the
trigeminal root of the pons, causing a “double crush” [58].
Therefore, neurovascular compression of the trigeminal
nerve in patients with MS can accelerate demyelination
via mechanical and inflammatory mechanisms, leading to
symptoms of trigeminal neuralgia [54, 59]. As a result of
demyelination and subsequent membrane depolarization, the
root axon becomes hyperexcitable, and ectopic impulsion
is formed, followed by the development of ephaptic
transmission of nerve impulses and central sensitization of
neurons in the n. tractus spinalis and in the overlying parts
of the central nervous system [60, 61].

Clinically, classical and secondary trigeminal
neuralgia are very similar: it is more common in women,
predominantly right-sided, involves the second and third
branches of the trigeminal nerve [62-64], and can be seen
as up to 50 unilateral attacks with sudden short pain, similar
to an electric shock caused by harmless stimuli [59, 65].
The specific features of trigeminal neuralgia in MS include
an earlier onset, possible isolated lesion of one branch of
the trigeminal nerve, and bilateral localization of pain in
18% of patients [61]. It should also be noted that there
is a sensory trigeminal deficit in MS, but it may not be
detected in the background of demyelination lesions [66].
Verification of secondary trigeminal neuralgia in MS is
based on neuroimaging methods to detect lesions in the
ventrolateral parts of the pons, where the primary afferents
of the trigeminal nerve pass, and lesions of the pars oralis of
the nucleus spinalis of the trigeminal nerve are also typical
[56].

Traditional magnetic resonance imaging revealed signs of
demyelination in trigeminal neuralgia in the trigeminal root
entry zone, intrapontine tracts, and to the trigeminal nucleus.
Microstructural changes in the trigeminal nerve in trigeminal
neuralgia in patients with MS have also been reported by
diffusion tractography [67].

3.5 Pharmacological Treatments for NP in MS

The treatment of NP involves pharmacological approaches.
One single-center cross-sectional study demonstrated that
specific long-lasting treatment was prescribed for only 24%
of patients with chronic pain in MS and 33% of patients with
NP in MS. Anticonvulsants and antidepressants were usually
used [68]. Table 1 summarizes medications that can be used
for NP in patients with MS.
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Table 1 Evidence-based drug classes for pain management in multiple sclerosis

Class

Medication

Evidence

Cannabinoids

Muscle relaxants

Anticonvulsants

Antidepressants

Opioids

Botulinum toxin

Oral, mucosal, smoked, vaporized [64—67]

Tizanidine [68], [69]
Baclofen [70], [71]
Dantrolene

Benzodiazepines [71], [72]
Gabapentin [73], pregabalin [74]
Phenytoin [75]

Carbamazepine [76]
Lamotrigine [77]

Duloxetine [78]
Venlafaxine [79]
Tricyclic antidepresants (amitriptyline) [80]

Naltrexone [81-83]

Onabotulinum toxin A
Abobotulinum toxin A

Class 3 (uncontrolled, open-label, 2-year extension trial)
Class 1 (randomized controlled trial)
Class 1 (randomized, placebo-controlled, crossover trial)

Class 1 (double-blind, placebo-controlled trial)

Class 2

Class 1

Class 3 (double-blind trial with baclofen [Lioresal] and diazepam)

Class 3 (double-blind trial with baclofen [Lioresal] and diazepam)

Class 3

Class 2 (placebo-controlled, randomized trial)

Class 1

Class 1 (randomized, double-blinded, placebo-controlled, crossover study)
Class 1 (double-blinded randomized study)

Class 1

Class 1

Class 2 (randomized, double-blind, placebo-controlled trial)
Class 3

Class 1

Class 1 (randomized, double-blind, placebo-controlled trial)
Class 3 (pilot trial)

Class 3 (pilot trial)

Class 1 (prospective, randomized, double-blind, placebo-controlled, dose-
ranging study)

Incobotulinum toxin A
Rimabotulinum toxin B [84]

3.5.1 Antidepressants

None of the conventional pain therapies has proven to pro-
vide more than 50% pain relief in randomized clinical tri-
als in patients with MS with chronic NP [8]. In 2015, the
Neuropathic Pain Special Interest Group of the International
Association for the Study of Pain published guidelines for
NP treatment, excluding trigeminal neuralgia, as its proto-
col differs. A meta-analysis of double-blind studies found
that topical or oral pharmacological therapy can effectively
treat NP [90]. Recommendations for antidepressants, such
as selective serotonin reuptake inhibitors (SSRIs), serotonin
and norepinephrine reuptake inhibitors, and tricyclic antide-
pressants (TCAs), as first-line medications for NP have been
well stated by Neuropathic Pain Special Interest Group [90],
with duloxetine, a serotonin and norepinephrine reuptake
inhibitor, and amitriptyline, a TCA, with greatest efficacy
[91]. The number needed to treat (NNT) for 50% of pain
relief and the confidence interval for NP ranges between 3.6
(3.04.4) and 6.4 (5.2-8.4) for serotonin and norepinephrine
reuptake inhibitors and TCAs, respectively, making them a
good choice for first-line treatment [91]. These drugs prevent
the reuptake of serotonin and norepinephrine neurotransmit-
ters, which are postulated to be involved in NP modulation
at the nerve synapse [92], thereby modulating pain man-
agement. Tricyclic antidepressants also block alpha-adren-
ergic, serotonergic, histamine, and muscarinic receptors,
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preventing their action at the synapse [83]. Amitriptyline,
a common TCA used to manage neuropathic pain, and its
metabolite nortriptyline, after first-pass metabolism, have
been shown to be more effective in pain management than
placebo at dosages of 90 mg/day and 73 mg/day, in patients
with diabetes and non-diabetic patients; however, the data
providing clarity in its use in managing NP in patients with
MS is not available [85]. However, in a double-blind rand-
omized clinical trial involving 239 adult patients with NP
MS, it was shown that taking 30 mg per day for 1 week and
then 60 mg per day for 5 weeks of duloxetine is useful and
leads to a significant reduction in average pain intensity [83].
Venlafaxine is also being considered for its ability to manage
NP in patients with MS, although there are not enough clini-
cal trials to support this proposition [93]. A 2021 review by
Stamoula et al. studied the effects of antidepressants on MS
using in vitro and in vivo models and revealed that venlafax-
ine and phenelzine, monoamine oxidase inhibitors, showed
anti-nociceptive effects in both models [94]. The side effects
of these drugs, specifically TCAs, include orthostatic hypo-
tension, dry mouth, cardiotoxicity, and dizziness owing
to their antihistamine effect. In elderly patients with NP,
an electrocardiogram is recommended before medication
commencement, and dosages of amitriptyline and other ter-
tiary amines of less than 75 mg/day are advised because of
sedative and cardiotoxic effects [95]. These side effects are
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commonly observed with amitriptyline; however, nortrip-
tyline and other secondary amines cause less sedation [91].

Selective serotonin reuptake inhibitors for the treatment
of NP in MS are thought to be less effective and hence
and hence are prescribed less compared with other
antidepressants. This is because only a few clinical studies
have detailed their analgesic effects [96, 97]. Although
SSRIs can manage pain, paroxetine and citalopram have
been shown to moderate pain resolution in painful diabetic
neuropathy, whereas other SSRIs have no therapeutic effect
[98]. Healthcare professionals must consider potential
side effects and drug interactions when prescribing
antidepressants to patients with MS. Overall, antidepressants
can significantly improve quality of life and provide
significant pain relief.

Folle et al., in 2022, conducted a double-blind
randomized controlled trial of 445 participants with
secondary progressive MS. This study explored the efficacy
of fluoxetine, riluzole, and amiloride in NP and found no
significant improvement in pain scores or management [99].

3.5.1.1 Anticonvulsants Anticonvulsants have been used to
treat NP patients with MS. These drugs suppress the rapid
and excessive firing of neurons during seizures; however,
studies have shown that they can manage MS-associated NP
[100]. Drugs such as phenytoin, gabapentin, carbamazepine,
and its analog, lamotrigine, can suppress neuronal hyperex-
citability, thereby alleviating NP [101]. Intravenous pheny-
toin has been shown to reduce acute exacerbation of NP, at a
dosage of 15 mg/kg over 2 h [80]. Carbamazepine presented
similar results to phenytoin in relieving pain in patients
with MS. A double-blind, randomized, placebo-controlled
study of patients with MS and peripheral NP showed that
carbamazepine was more effective in pain management than
placebo and morphine (p = 0.038); however, the lower mor-
phine dosages used should not be misinterpreted as indicat-
ing greater efficacy in pain management [81]. Lamotrigine
is also useful in the management of NP in MS; however, it is
dose dependent; it is only effective at doses greater than 300
mg/dL [102]. An open-label study conducted by Cianchetti
et al. examined the effect of lamotrigine as an add-on therapy
to pain medications in 21 patients, 15 of whom had central
neuropathic pain. The study reported improvement in pain
within a 1-year period with no deleterious side effects [82].
In a randomized placebo-controlled trial, O’Connor et al.
investigated the efficacy of pregabalin in patients with MS
and neuropathic pain. The trial included 183 patients who
received pregabalin or a placebo for 12 weeks. The study
found that pregabalin effectively reduced pain scores com-
pared with placebo [6]. Various randomized controlled tri-
als have postulated the use of gabapentin for the treatment of
NP in MS [79, 103]. A trial study observed a mean reduction
in pain score of 2.05 points on an 11-point numerical rating

scale compared with a reduction of 0.94 points with patients
receiving a placebo [79]. The NNT for gabapentin in NP
ranges from to 4.1 to 6.8 for high to low doses, and the num-
ber needed to harm for withdrawal of this medication ranges
from 14.1 to 170 [103]. In conclusion, anticonvulsants have
shown promising results in reducing NP in patients with
MS. Healthcare professionals should consider the individual
needs and circumstances of each patient when deciding on
appropriate treatment plans. While more research is needed
to fully understand the role of anticonvulsants in treating NP
in MS, current evidence supports their use as a valuable tool
for managing this debilitating symptom.

3.5.1.2 Opioids Opioids such as naltrexone have also been
used as pain relievers in patients with MS. The paradoxi-
cal effects of low-dose naltrexone are an example of the
contradictory effect of agonism, where the medication pro-
longs the action potential duration [104]. This mechanism
of action is based on the cellular dose response to opioids.
Once long-term opioid exposure is achieved, the coupled
mu-opioid receptor G protein shifts from Gi to Gs, lead-
ing to an activated state. This effect can be shifted by the
co-administration of low-dose opioid antagonists with
morphine [86]. Two studies intended to evaluate the effi-
cacy of naltrexone on pain relief, measuring outcomes in
the MSQoL-54 questionnaire, and the pain effect scale and
bodily pain measures in a quality-of-life scale. The type of
pain evaluated in these studies was unspecified, and no posi-
tive results were shown [87, 105]. A 17-week study evalu-
ated quality of life and observed improvement in the percep-
tion of participants regarding personal health; however, no
improvements in pain, energy levels, or physical function
were observed [105]. Another pilot study was performed,
in which 40 patients were treated with low-dose naltrexone
for 6 months. There was a statistically significant decrease
in pain and spasticity, and the drug was well tolerated [88].

Morphine has also been studied; a trial evaluated
responsiveness in a group of patients with MS; intravenous
morphine reported reduced pain compared with saline
placebo [106]. In two trials that studied opioids, side effects
were similar, with sedation being the most common [105,
106]. The role of endogenous opioids in MS has been
previously evaluated in the context of disease progression.
Although MS-related pain remains relatively unexplored,
some evidence indicates that opioid system dysregulation
may be one of the causes for the development and
maintenance of pain [107].

A retrospective study in Manitoba, Canada, published in
2023, reported that 226 out of every 1000 patients with MS
used opioid analgesics in the long-term management of NP.
However, this study states that the duration of opioid use
is also correlated with mood and anxiety disorders as an
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adverse effect and their use is therefore not recommended
as first-line management [108].

3.5.1.3 Cannabinoids For millions of years, plants have
been used to treat various diseases. The development of
therapeutics for the treatment of chronic pain has been
accelerated by the legalization of medicinal cannabis in
some countries. Cannabinoids, both endogenous and those
generated from plants, may act separately or in combina-
tion to produce an analgesic effect through cannabinoid and
other receptors, including glutamatergic, purinergic, seroto-
ninergic, and glycinergic [109]. In contrast to pure tetrahy-
drocannabinol (THC), full-spectrum products contain natu-
rally occurring cannabinoids and are reported to show better
efficacy or tolerability owing to the synergy of cannabinoids
and other components of the cannabis plant [110, 111].

The use of cannabinoids such as THC and cannabidiol
(r) has been proposed as a potential treatment for NP in
patients with MS [112]. Cannabinoids act via CB1 and CB2
receptors within the endocannabinoid system, which plays
a role in pain management. Although its full benefits for
NP are still under investigation, data suggest that cannabis
with a CBD:THC ratio of 1:1 or higher can reduce pain
in patients with MS [113]. The use of cannabinoids and
their safety profile as beneficial in NP management have
been established by the American Academy of Neurology
[114]. Some benefits of using cannabis as an alternative to
prescription drugs, such as opioids and antidepressants,
includes a reduction of side effects [112]. A crossover trial
by Svendsen et al. in 2004, using a total of 23 participants,
showed that patients treated with a CBD/THC combination
had a reduction in NP with the added benefit of improved
sleep quality compared with participants given a placebo
[72]. A 2015 study with a sample size of 15 patients with
MS and NP found that adding a synthetic oral THC mimic
to gabapentin was effective in pain reduction and tolerated
[115].

In 2005, Rog et al. found that patients with MS who
received oral THC experienced a significant reduction in
pain compared with patients who had received a placebo
[69]. Inhaled cannabis has also been postulated to effectively
manage pain in patients with MS. Although there are not
enough clinical trials to confirm its use, a few studies have
supported this theory. A crossover trial study conducted
in 2008 using cannabis cigarettes as a means of inhalation
in patients with MS documented a reduction in NP
compared with patients in the placebo group [70]. Another
study conducted in 2013 evaluated 39 patients with NP
(central and peripheral) who were administered medium-
dose (3.53%), low-dose (1.29%), or placebo cannabis via
inhalation. The NNT attained 30% pain reduction between
the placebo and medium dose, and the high dose was 3.2
and 2.9, respectively. The NNT for the medium versus high
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dose was 25, showing that patients with MS can use inhaled
cannabis to manage NP [71]. While the use of cannabis
in treating NP is promising, more clinical trials must be
conducted to determine its dosage, efficacy, and tolerance.
A 2017 study showed that over 77% of patients who initially
used opioids to manage their pain significantly reduced their
use of opioids after adding to cannabis for pain management
[116]. A systematic review conducted in 2018 by Nielsen
et al. evaluated seven other reviews on the effectiveness of
cannabis in managing MS-induced NP [117]. Although this
study had mixed reviews, two of the reviewed papers stated
that there was some evidence that THC and THC:CBD/
nabiximol were effective in pain reduction in MS [114, 118].

In contrast, other reviews concluded that the findings
were insufficient or had mixed results concerning cannabis
management of NP in patients with MS. In 2023, Link et al.
assessed the use of cannabis for long-term pain management
in 242 participants with MS. Of these, 27% reported using
cannabis for pain management. However, these individuals
reported higher median pain intensity scores, higher levels
of neuropathic pain, and pain interference scores when
compared with the participants who were non-users, which
could serve as a reason for the use of cannabis in pain
management [119]. A systematic review of clinical trials in
which cannabinoids were utilized in MS NP management by
Sirbu et al. in 2023 reported that cannabinoids could promote
remyelination and reduce inflammation, thereby slowing the
demyelination process [120]. However, Hansen et al., in a
randomized controlled trial in 202223, stated that there was
a decrease in mean pain intensity scores in all study groups,
although there was no significant difference between pain
scores between the placebo group and test groups [121].
While the use of cannabis in treating NP is promising, more
clinical trials must be conducted to determine its dosage,
efficacy, and tolerance.

3.5.1.4 Muscle Relaxants Pain for patients with MS often
arises as an indirect consequence of the disease [22]. When
pain is primarily secondary to spasticity, it manifests as
muscle spasms, resistance to passive stretching, and tight-
ness. Management of this condition has proven to be par-
tially effective but may result in diverse adverse events [24].
Tizanidine, a central a2-adrenoceptor agonist, has been
shown to be effective in managing spasticity, not just MS
[122]. Higher plasma concentrations are related to better
anti-spasticity effects, and adverse effects include somno-
lence, fatigue, dry mouth, dizziness, and hypotension [123].
Oral baclofen, a GABA-B receptor activator, may show an
improvement in spasticity and showed comparable efficacy
to diazepam, but a major decrease in spasticity compared to
placebo. Side effects such as drowsiness, weakness, pares-
thesia, and dry mouth are common and limit the maximum
dose that can be tolerated [122]. Diazepam and clonazepam
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are benzodiazepines that enhance GABA and suppress neu-
ronal activity in the reticular formation, which can contrib-
ute to muscle relaxation [20]. Gabapentin enhances GABA
activity by binding receptors in the neocortex and hip-
pocampus, the effect of this medication has been proven to
decrease the Ashworth score, but have no effect on clonus,
reflexes, or response to noxious stimuli [4]. Dantrolene acts
on the contractile portion of the skeletal muscle, and stud-
ies have proven its non-inferiority compared to diazepam in
patients with MS, although with an increased frequency of
side effects [122].

3.5.1.5 Nanomedicine Over the past decades, there has
been an increase in the number of scientific studies of nano-
particles' role in the treatment of NP. The use of nanomedi-
cine may be appropriate in pharmacy to improve the phar-
macokinetic and pharmacodynamic properties of drugs,
in the combined and adjuvant therapy of NP [124, 125].
Nanomedicine in pain management can lead to improved
treatment outcomes, reduced doses of painkillers [126].
Nanotechnology can help cure chronic pain by delivering
medications to precise sites and targets. Nanoformulation
can considerably improve the effectiveness of some anal-
gesics while reducing toxicity. The medicinal use of nano-
technologies for medications such as doxepin, morphine,
baclofen, and amitriptyline are good examples [127]. Nano-
therapeutic approaches for the treatment of MS may be a
path to overcoming known barriers for ideal treatment and
decreased disease progression in NP management.

Thus, the use of nanomaterials may provide a better
therapeutic strategy.

Improving drug solubility and bioavailability
Enabling targeted delivery and a control in release
More effective routes of administration

Decrease in toxicity

Ealb

Acting as carriers and triggering immunomodulatory
effects may be beneficial mechanisms for this proposed
therapy [128]. Particularly in MS, nano vectors have been
investigated as drug delivery systems and for antigen-
specific immunomodulation.

Hunter et al. developed biodegradable poly
nanoparticles that carried myelin antigens once injected
into mouse models, and were capable of inducing tolerance
and long-term disease progression [129]. Further studies
could confirm the application of ag-polymer-PLGA in
mice in vivo to induce the regulation of dendritic cells,
T-helper cells, and T cells. Other administrations, such as
solid lipid nanoparticles loaded with methylthioadenosine,
have also demonstrated positive results, with longer
half-lives and improved bioavailability [130]. Breaking
through physiological barriers, such as the blood—brain

barrier, may be a route for future scientific research.
Bioengineering, biology, medicine, pharmacology, and
other fields may apply nanotechnology to the treatment
of MS. Many designs for the modulation of inflammation,
delivery of drugs, remyelination, and neuroprotection may
certainly benefit patients with this disease.

Belousov et al. found that biocompatible magnetic
nanoparticles, specifically micromage-B, not only
improved neural function but also reduced demyelination
foci, suggesting a potential promising effect in
pain management for patients with MS [131]. Gold
nanoparticles have also been shown to be clinically
applicable in the management of MS, can be administered
via different routes of administration, and used as a
treatment for relapsing MS [132]. Although nanomedicine
has possible potential for use in patients with MS and
has demonstrated some effect in pain, there are currently
no studies of the effectiveness of nanoparticles in the
treatment of NP in MS.

3.6 Non-pharmacological Treatment Approaches
for NP in MS

Various non-pharmacological approaches may be used
to treat NP in MS, including non-invasive, neurosurgi-
cal, psychological, and physiotherapeutic interventions,
as shown in Fig. 2.

3.6.1 Non-invasive Methods

Neuropathic pain places a significant burden on the
healthcare system owing to its high financial cost and
impaired quality of life. Despite the wide range of
medications available, pharmacological treatments
sometimes produce disappointing results due to insufficient
response or resistance to certain drugs. At the same time,
there are no methods to prevent or control the onset of pain
[133].

Transcutaneous electrical nerve stimulation is a non-
pharmacological therapy that has been used for more than
50 years to treat various types of pain. One of its main
advantages is the absence of side effects associated with
pharmacological intervention. Transcutaneous electrical
nerve stimulation therapy is used to treat many diseases
of the nervous and musculoskeletal system [134, 135]. A
systematic review of four studies by Sawant et al. indicated
a medium effect of TENS for the treatment of central NP in
patients with MS, regardless of frequency [136]. Treatment
duration is important when performing TENS. It has been
shown that conventional TENS at 100 Hz for 14 days, 8
hours per day, had a significant effect on pain in patients
with MS, while 1 hour per day had no analgesic effect. The
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Non-pharmacological Approaches for Neuropathic Pain in MS
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Fig.2 Nonpharmacological approaches for neuropathic pain manage-
ment in multiple sclerosis (MS)

efficacy of 4 Hz of TENS and 110 Hz of TENS twice a
day for 6 weeks in the form of 45-minute treatments for
patients with chronic pain and MS has also been reported
[137]. A more recent randomized, controlled, single-blinded
study demonstrated the equal effectiveness of TENS and
interferential currents in reducing NP in patients with MS,
but low-frequency TENS was more effective in improving
the quality of life [138].

Noninvasive brain stimulation techniques that may have
analgesic effects include repetitive transcranial magnetic
stimulation and transcranial direct current stimulation. They
cause changes in the excitability of the cerebral cortex by
applying short high-intensity magnetic fields or low-ampli-
tude direct currents. Most studies have examined the effect
of include repetitive transcranial magnetic stimulation on
spasticity and other MS-related symptoms, although one
study reported a reduction in pain in the high-frequency
include repetitive transcranial magnetic stimulation group
[139-142]. Transcranial direct current stimulation could be
a potential tool for controlling central chronic pain in MS
by improving the sensory, cognitive, and emotional aspects
[143]. Transcranial direct current stimulation has been
demonstrated to have an analgesic effect on the prefrontal
area of patients with MS. The authors concluded that this
effect is explained by the influence of the second-order and
third-order networks of the pain matrix, which are respon-
sible for pain awareness and perception in accordance with
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expectations and emotions [144]. Subsequent studies have
shown that the effectiveness of transcranial direct current
stimulation on central NP in patients with MS may be due
to modulation of spinal nociception and may persist for up to
14 days [145] and up to 1 month in cases of transcutaneous
spinal direct current stimulation [146].

Two case reports have reported the successful treatment
of NP in MS using of spinal cord stimulation; therefore,
its effectiveness remains unknown [147, 148]. One other
randomized, sham-controlled, cross-over study which
included 16 patients with MS examined transcranial random
noise stimulation in patients with MS and demonstrated a
decrease in pain-associated evoked potentials and pain
scores [149]. The evidence of the potential effectiveness
of non-invasive brain and spinal stimulation methods is
promising, but their effectiveness is limited by the small
number of studies, small patient samples, and heterogeneity
of the techniques used.

3.6.2 Neurosurgical Methods

Neurosurgical methods are widely used to treat trigeminal
neuralgia in patients with MS. Ablation and radiosurgery
methods are available.

Rhizolysis, or glycerol rhizotomy (glycerol injections),
is a type of transcutaneous treatment for pain, particularly
in MS, that damages nerve fibers to block pain impulses.
Transcutaneous glycerol resorption (rhizotomy) reduces
pain in patients with MS. However, in some patients, pain
syndrome may recur. This technique has been used to treat
MS-related trigeminal neuralgia [150, 151].

Radiofrequency ablation (rhizotomy) is another potential
treatment for trigeminal neuralgia in patients with MS. This
manipulation consists of controlled thermal destruction
of peripheral nerve structures, which further prevents the
transmission of sensory impulses and development of
pain paroxysms, which are common complications in MS.
Complications of radiofrequency ablation are minimal, and
its effectiveness is quite high, even after the first procedure.
The most common reason for using this technique is the
resistant chronic pain syndrome in trigeminal neuralgia in
patients with MS [152, 153].

Balloon compression is another minimally invasive
percutaneous neurosurgical procedure used to treat pain in
MS, particularly trigeminal neuralgia. Balloon compression
is performed under general anesthesia and involves the
insertion of a balloon into the affected nerve through a
special catheter, followed by inflation of the balloon, which
leads to controlled compression and damage to the nerve to
prevent pain signals from the affected nerve from reaching
the brain. Unfortunately, in most cases, the effect of the
procedure is temporary, and pain can resume within 1-2
years [154, 155].
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Radiofrequency thermocoagulation is a safe, effective,
and minimally invasive procedure for the treatment of
trigeminal neuralgia, the basic principle of which is to block
the conduction of pain signals with high temperatures to
destroy the nerve or modulate the nociceptive nerve function
of the trigeminal nerve [156]. The efficacy of radiofrequency
thermocoagulation in patients with MS with persistent
idiopathic facial pain has been reported. 61.5% of patients
experienced temporary pain relief, which lasted an average
of 60 days without severe complications [157]. Another
study included 63 patients with trigeminal neuralgia in MS
and 759 with idiopathic trigeminal neuralgia shown that 72%
of patients with trigeminal neuralgia in MS were pain free
without medication after 36 treatments of radiofrequency
thermocoagulation. There was no significant difference in
pain relief between glycerol rhizotomy and radiofrequency
thermocoagulation for patients with trigeminal neuralgia
in MS [158]. Ablative percutaneous approaches, such as
balloon compression, glycerol rhizolysis, and radiofrequency
ablation, often provide rapid pain relief, but a recent meta-
analysis found no statistically significant differences in
the effectiveness or complication rates between these
techniques; however, balloon compression is more often
associated with mastication weakness [159].

Gamma knife is a radiosurgical technique that can be
used in patients with MS-related NP [151]. Gamma knife
demonstrated its effectiveness in the treatment of trigeminal
neuralgia in patients with MS, but the duration of the effect
was shorter than that in patients with idiopathic neuralgia.
Therefore, the probability of pain relapse after gamma knife
radiosurgery should be considered [160, 161]. The duration
of pain control with different neurosurgical techniques
remains valid. Several recent studies have indicated a
greater efficacy of stereotactic radiosurgery compared with
percutaneous techniques, while another study demonstrated
a shorter time to recurrence with a gamma knife [162].
One single-center retrospective study of 29 patients
with trigeminal neuralgia in MS shown that rates of pain
reduction at 1, 3, and 5 years were 70%, 57%, and 57%,
respectively [162].

Deep brain stimulation is a method for treating diseases
of the nervous system by stimulating certain parts of the
brain with special impulses transmitted from a generator
to electrodes located in deep brain structures. This
method is used for a number of neurological and mental
disorders, including Parkinson’s disease, MS, essential
tremor, dystonia, epilepsy, Tourette’s syndrome, obsessive-
compulsive disorder, endogenous depressive disorders, and
chronic NP syndrome [163]. Although some studies have
reported the analgesic properties of deep brain stimulation
in neuropathic pain, there is currently no evidence in patients
with MS [151, 164].

3.6.3 Psychotherapy and Psychological Interventions

It is commonly acknowledged that psychological approaches
to treating chronic pain are crucial parts of a comprehensive,
evidence-based, patient-centered, multimodal, and interdis-
ciplinary treatment strategy. Psychological treatments for
chronic pain that embrace the biopsychosocial model of pain
and its management are now essential and effective parts of
interdisciplinary pain care. The relationship between pain
and other mental disorders, such as stress, anxiety, depres-
sion, and sleep disturbances, explains the need for psycho-
logical therapies [38, 165, 166]. It is well recognized that
anxiety or depression can increase sleep problems and pain
and that pain can accelerate mental disturbances and con-
tribute to poor sleep quality [167-170]. In addition, anxiety,
depression, and pain perception may depend on the patient’s
personality traits, which also makes psychological interven-
tions for chronic pain appropriate [171-173]. Multiple scle-
rosis is distinguished by mental health issues, sleep distur-
bances, and chronic pain, in addition to motor dysfunctions
such as paresis, spasticity, and gait disorders. At the same
time, depression, anxiety, fatigue, and poor sleep may also
have an impact on NP in MS [174, 175]. Psychotherapy for
NP can target not only the pain syndrome itself but also the
factors that impact it, such as sleep difficulties and mental
illness (Fig. 3). Thus, psychological therapies are theoreti-
cally reasonable for individuals with MS and NP.

Despite overwhelming data supporting the efficacy and
usefulness of psychological treatments for chronic non-
cancer pain, their use in practical situations is still limited.
Patients may actively or passively decline psychological
treatment for chronic NP because they are unaware of their
potential advantages [176].

Cognitive behavioral therapy (CBT) is the main
psychological therapy for chronic pain. A third wave
of cognitive-behavioral therapy has arisen as a result
of advances in knowledge, and it encompasses several
methodologies, including acceptance and commitment
therapy (ACT), mindfulness-based cognitive therapy, and
metacognitive therapy. Cognitive behavioral therapy is an
effective intervention that targets maladaptive cognitive
abilities, leading to a reduction in emotional stress and
unhealthy behaviors. It is a widely used approach in treating
NP associated with a range of disorders, including spinal
cord injuries and diabetic peripheral neuropathy, among
others [177, 178].

However, CBT is still not widely used as a treatment for
MS despite being proven to help treat chronic pain in general.
A study was conducted to determine the effectiveness of
CBT for chronic pain in patients with MS. This study found
that patients who underwent 12 sessions of CBT reported
clinically significant progress in achieving their personal
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Fig.3 Targets for psychotherapy in neuropathic pain management in
multiple sclerosis

goals. However, no significant differences were found
between the outcomes of CBT and MS-related education.
Therefore, both methods have potential for further use [179].

A recent systematic review confirmed that ACT is
efficacious and equivalent, if not better, than other existing
active therapies for chronic pain [180]. Positive results were
obtained for the treatment of pain in MS using a hybrid
intervention of ACT and CBT in a small pilot study included
seven patients with MS [181]. It has been discovered that
mindfulness-based stress reduction and ACT have a positive
impact on the paresthesia experienced by patients with MS.
Acceptance and commitment therapy and mindfulness-based
stress reduction reduce pain perception over time, which
may be explained by considering paresthesia as an indicator
of cognitive-emotional pain processing [182].

A recent meta-analysis showed a significant improvement
in pain intensity in patients with MS after mind-body
therapy, mindfulness, hypnosis, and cognitive-behavioral
therapy. However, the reduction in pain in patients with MS
is not significantly affected by relaxation therapy [183].

Currently, CBT and ACT psychotherapy are the most
effective psychological interventions for chronic pain in
patients with MS. However, their effectiveness is limited
because of the small number of clinical trials. Further
studies are needed to determine factors that may affect
patient outcomes.

3.6.4 Physical Exercise

Physical therapy is a component of the comprehensive
management of MS that focuses on function and includes
nonpharmacological treatments. Physical therapy and
rehabilitation for patients with MS are carried out to improve
and maintain their general physical condition, eliminate
problems with coordination, and adapt to society [184].
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Rehabilitation efforts are carried out in a comprehensive
manner, involving not only the patient and medical staff
but also family members or caregivers. The rehabilitation
program for patients with MS is tailored to individual
needs and includes physical therapy, including exercise
and occupational therapy, aqua therapy, physiotherapy,
mechanotherapy, reflexology, massage, speech and
swallowing therapy, cognitive rehabilitation, psychological
support, vocational rehabilitation, and pre-therapy [185]. For
patients with MS, exercise should be considered a reliable
and effective form of rehabilitation [186].

Yoga and aerobic exercise can reduce pain in patients
with MS [187]. A recent meta-analysis of ten randomized
clinical trials demonstrated a moderate effect on pain
reduction in patients with MS. Evidence has shown that
exercise helps relieve pain regardless of its type, intensity,
or duration [188]. The findings of one study clearly showed
that precision reflexology results in a statistically significant
and clinically significant reduction in pain. Moreover, the
observed pain reduction persisted for an additional 10 weeks
after the intervention period [189]. Despite some reports
on the possibility of relieving pain in MS through physical
therapy, no study has specifically targeted neuropathic pain.

At the same time, the study of multidisciplinary
interventions that combine exercise and psychological
interventions is an urgent issue [176]. Psychologically
informed physical therapy, which combines CBT with
traditional physiotherapy, is gaining popularity. Recent
findings imply that physical therapy based on CBT or ACT
approaches may hold prospects [190, 191]; however, these
strategies have not yet been explored in the MS population.

4 Conclusions and Future Perspectives

This review provides an overview of NP management in
MS. There is a pressing need for healthcare profession-
als and researchers to prioritize the development of better
strategies for managing MS-induced NP and improving the
quality of life of those affected by this condition. There are
a limited number of controlled trials in patients with MS
that examine the efficacy of pain-relieving medications, and
management recommendations for NP in MS are generally
guided by extrapolation of the results of NP treatment for
other diseases. This dearth of dedicated research poses a
substantial challenge for healthcare professionals seeking
evidence-based approaches to alleviate the suffering of
patients with MS. Based on the data in our review, we sug-
gest an algorithm in Fig. 4 for the selection of pharmacologi-
cal management of NP in patients with MS.

The future of MS-induced NP management should
prioritize several key aspects. First, it is crucial to conduct
trials that directly address the efficacy of pain-relieving
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Fig.4 Decision tree algorithm for evidence-based pharmacological management of neuropathic pain in multiple sclerosis

medications in the MS population. Second, personalized  in managing MS-induced neuropathic pain. Patient
treatment plans should be developed utilizing biomarkers  education is integral to helping individuals make informed
and individual patient data to tailor interventions.  decisions regarding pain management. Interdisciplinary
Additionally, non-pharmacological approaches should  collaboration among healthcare professionals is essential,
be explored further to determine their effectiveness  and longitudinal studies tracking pain progression in MS
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can provide valuable insights into this condition. Overall, a
comprehensive approach to address NP in MS, aiming for
more effective and patient-centric strategies is required.
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