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Abstract
Purpose of Review Multiple sclerosis (MS) is an autoimmune disorder of the central nervous system that can lead to severe
physical, cognitive, and neurological deficits that often manifest in young adults. Central neuropathic pain is a common present-
ing symptom, often prompting patients to seek treatment with opioids, NSAIDS, antiepileptics, and antidepressants despite
minimal effectiveness and alarming side-effect profiles. Additionally, spasticity occurs in more than 80% of MS patients and
is an important consideration for further study in treatment.
Recent Findings Related to inconsistencies in pain presentation and clinical reporting, current studies continue to investigate
clinical patient presentation to define chronic pain characteristics to optimize treatment plans. Although often neuropathic in
origin, the complex nature of such pain necessitates a multimodal approach for adequate treatment. While psychiatric comor-
bidities typically remain unchanged in their severity over time, physical conditions may lead to worsening chronic pain long-
term, often due to decreased quality of life. The prevalence of neuropathic pain is ~ 86% in patients with multiple sclerosis and
most commonly presents as extremity pain, trigeminal neuralgia, back pain, or headaches.
Summary As MS symptoms are frequently unremitting and poorly responsive to conventional medical management, recent
attention has been given to novel interventions for management of pain. Among these, medicinal cannabis therapy, targeted
physical therapy, and neuromodulation offer promising results. In this review, we provide a comprehensive update of the current
perspective of MS pathophysiology, symptomatology, and treatment.
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Introduction

Pathophysiology

Multiple sclerosis (MS) is an autoimmune disorder of the cen-
tral nervous system and is the most prevalent neurological
disability [1]. Multifocal regions of inflammation in gray
and white matter cause oligodendrocyte death and myelin
sheath destruction. Such immune processes lead to severe
physical, cognitive, and neurological deficits that often man-
ifest in young adults.

Studies suggest that T helper (CD4+) cells and the adaptive
immune response are responsible for the immunologic infil-
tration present in MS. Antigen-presenting cells (APCs) inter-
act with T lymphocytes and produce specific cytokines such
as IL-12, IL-23, and IL-4 that induce Tcell differentiation into
Th1, Th2, or Th17 helper T cells [1]. Interferon gamma
(IFN-γ) and tumor necrosis factor alpha (TNF-α) are pro-
duced by Th1 cells and promote inflammation by suppressing
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the anti-inflammatory actions of the Th2 cell lineage. Th17 is
another CD4+ T cell that produces many cytokines capable of
promoting inflammation [1].

B lymphocytes have positive and negative effects on the
pathogenesis of MS. Transforming growth factor beta
(TGF-β) and TNF-α produced by B lymphocytes promote
inflammation, while IL-10 produced by B lymphocytes sup-
presses inflammation [1]. Cytotoxic T cells (CD8+) can be
found in MS lesions, and release cytolytic proteins, such as
perforin, to increase vascular permeability and promote oligo-
dendrocyte death. In addition to these cytotoxic and inflam-
matory mechanisms, lymphocytes produce Fas ligand which
binds to Fas receptors on oligodendrocytes, initiating apopto-
sis and reducing the number of functioning cells capable of
synthesizing the myelin sheath [1].

Clinical Presentation and Diagnosis

A common and disabling effect of MS is central neuropathic
pain (CNP). CNP is often severe and leads many patients to
seek treatment with opioids, NSAIDS, antiepileptics, and an-
tidepressants despite minimal effectiveness and alarming side-
effect profiles [2]. Though the causative mechanism of CNP is
poorly understood, a recent study found that CNP is potential-
ly associated with elevated CSF nerve growth factor (NGF)
levels. Novel therapies targeting and reducing the amount of
free CSF NGF may lead to improved quality of life in MS
patients with CNP [2].

Symptoms of MS such as fatigue, motor deficits, and cog-
nitive impairments may become evident prior to the onset of
MS-related pain. One study found that MS-related disability
and fatigue was positively correlated with the presence of
pain, but the intensity of pain was only correlated with the
severity of the disease [3]. The Expanded Disability Status
Scale (EDSS) and its single functional system scores are used
to determine the prevalence and characteristics of chronic pain
in MS patients [4]. Neuropathic pain is the most frequent type
of chronic pain, and pain intensity is significantly higher in
neuropathic pain than in nociceptive pain. Despite the func-
tional impairment, few patients with chronic neuropathic pain
were adequately treated with proper pain management [4].

Furthermore, MS patients experiencing pain are more like-
ly to perceive their MS diagnosis as disabling than MS pa-
tients who are not experiencing pain [5]. Though gait dysfunc-
tion and fatigue also contributed significantly to the patient’s
perception of personal health, pain has the greatest impact on
functional status and should therefore be treated with corre-
sponding focus [6].

Spasticity, another disabling symptom of MS, occurs in
more than 80% of MS patients. Neuroinflammation resulting
in increased cytokines, prostaglandins, and reactive oxygen
species leads to dynamic changes in motor circuit function
and muscle tone. CurrentMS therapies such as glucocorticoids

may worsen spasticity. New data suggests that waxing and
waning immunologic signals alter the excitability and plastic-
ity of neurons, which may explain the temporal variance of
spasticity as well as its association with systemic infections,
disease activity, and glucocorticoid treatment [7].

As the most prevalent neurologic disability, MS has a sig-
nificant impact on current healthcare. According to a 2011
survey, prevalence estimates were 159 and 418 cases per
100,000 for men and women respectively. Eighty-two percent
of patients received their diagnosis between the ages of 20 and
49, and MS was the sole neurologic condition in the majority
of patients. Of the patients surveyed, the most significant
chronic conditions associated with MS were bowel and blad-
der incontinence, mood disorders, high blood pressure, diabe-
tes, and heart disease [8].

Understanding the clinical picture and presenting symp-
toms of MS is critical for early diagnosis and effective thera-
peutic management. Prodromal symptoms may include nau-
sea, vomiting, diarrhea, constipation, incontinence, and uri-
nary retention as well as sudden onset anxiety, depression,
fatigue, insomnia, headaches, and unexplained pain and
should be promptly recognized for early intervention [9].
These signs may present up to 10 years before the patient
experiences any neurological deficits, and such data should
encourage clinicians to suspect MS in unexplained episodes
of these symptoms [9].

The variance in symptom presentation and management
between relapse-onset MS and progressive-onset MS must
also be accounted for. Though the class of symptoms may
remain constant between subtypes of MS, progressive-onset
MS has been shown to have significantly more severe symp-
toms. Specifically, patients with progressive-onset MS expe-
rience more profound fatigue, pain, bladder and bowel dys-
function, sexual dysfunction, anxiety, depression, and sensory,
balance, and walking difficulties. These ailments present ear-
lier in the disease course for patients with progressive-onset
MS when compared with their relapse-onset counterparts
[10].

Depressive disorders are also common in patients withMS,
though depression can be masked by other typical symptoms
such as fatigue, pain, and cognitive impairment. The patho-
genesis of MS-associated depression is unclear, though stud-
ies indicate that genetics, immune-inflammatory, and psycho-
social factors associated with MS play a role [11•]. On the
contrary, studies have shown that elevated levels of
interferon-beta and glatiramer acetate present in MS do not
lead to depressive symptoms [11•]. Despite the prevalence,
the efficacy of pharmacologic treatment for depression in
MS has been poorly studied.

Current research on long-term disability resulting fromMS
indicates an overall 10-year decline in manual dexterity, walk-
ing, and cognition. Patients with severe and poorly managed
MS also experienced significantly higher rates of wheel-chair

59 Page 2 of 11 Curr Pain Headache Rep (2019) 23: 59



dependence and reduced participation in social activities [12].
Thus, prompt intervention may prevent escalating long-term
disability in patients with MS.

Pain in Multiple Sclerosis

Chronic pain in patients with MS can present with high vari-
ability and can be difficult to manage [13]. Due to inconsis-
tencies in pain presentation and clinical reporting, current
studies continue to investigate clinical patient presentation to
define chronic pain characteristics and optimize treatment
plans. Although often neuropathic in origin, the complex na-
ture of such pain necessitates a multimodal approach for ade-
quate treatment [14]. Due to the high symptom burden asso-
ciated with MS, patients often require increased pharmaco-
therapy and experience limited efficacy, subsequently leading
to increased disability and decreased quality of life [15].

The multifactorial origin of chronic pain is strongly asso-
ciated with multiple psychological comorbidities [16].
Patients with MS often experience symptoms in clusters that
include hyperesthesia, pain, fatigue, and depression [17].
Among these symptoms, fatigue presents with the highest
incidence, affecting up to 80% of patients with MS [18].
Unfortunately, these symptom clusters further decrease quali-
ty of life by reducing independent function, sleep, and phys-
ical activity [13]. To quantify this, a recent study examined the
relationship between mood and pain in 1245 patients by mea-
suring fatigue, depression, anxiety, sleep, and pain [17]. Their
findings revealed that pain appeared to indirectly increase de-
pression by increasing fatigue, anxiety, and difficulty sleeping.
A retrospective controlled study of 94 patients also revealed
that mood, primarily anxiety and depression, served as a sig-
nificant predictor of increased impact of pain on quality of life
[19].

In addition to psychiatric comorbidities, physical health
conditions are also directly correlated with chronic pain [19].
While psychiatric comorbidities typically remain unchanged
in their severity over time, physical conditions may lead to
worsening chronic pain long-term, often due to decreased
quality of life [19]. Although these can be difficult to quantify
due to the degree of variability between patients, common
physical comorbidities include chronic lung disease, cardio-
vascular disease, diabetes, osteoarthritis, and migraines [19].
Scherder at al. noted that such conditions did not appear to
impact pain intensity, but rather served as a predictor for pain
affect [20]. A recent study identified the presence of
hypoesthesia with touch and joint position and noted that
greater sensation decreases were associated with increased
pain intensity [21•]. This clinical finding is often missed dur-
ing patient assessment and can serve as an additional indicator
to identify and track the progression of pain for MS patients.
In addition to comorbid physical conditions, several

modifiable lifestyle factors have been identified as positively
associated with pain in people with MS [22]. Such factors
include smoking, poor diet, obesity, and limited exercise. In
addition to directly increasing pain affect, these factors may
also hinder multimodal pain management and must be ad-
dressed [22]. Finally, studies have shown that chronic pain
with MS tends to progressively worsen over time in a bilateral
distribution, further disabling patients [15] (Table 1).

In order to identify and effectively meet patient care needs,
clinicians must first identify all factors involved in producing
the pain, then must address each component [15]. To the first
end, studies recommend frequent, routine clinical assessment
of neuropathic pain in MS patients [4]. This was proposed to
limit underdiagnoses and minimize decreases in quality of life
and disability. Pain is also often predictive of increased de-
pressive symptoms, and it is recommended that patients pre-
senting with pain be screened for mood disorders [21•]. These
encounters can be supplemented with the use of newer MRI
techniques, such as fluid attenuated inversion recovery
(FLAIR), 3D imaging, or diffusion tensor imaging (DTI)
[25]. Such imaging may aid in localizing lesions by identify-
ing areas of inflammation, which can contribute to our under-
standing of MS pain pathophysiology. This monitoring may
help predict disease progression to aid in targeted aggressive
treatment [26]. Although still in its preliminary stages of
study, additional longitudinal studies examined in the context
of existing emotional and psychological factors may aid in
treatment plans that alleviate or slow the progression of chron-
ic pain [22].

Current recommendations for effective chronic pain man-
agement in patients withMS include treating mood comorbid-
ities, thus limiting their compounding impact on pain and
improving quality of life [23]. These treatments can include
pharmacotherapy, cognitive behavioral therapy (CBT), and
practicing mindfulness [24]. Chronic pain management
should also include systematic and routine assessment for de-
pressive symptoms and worsening pain [27]. Of equal impor-
tance is addressing and treating physical comorbidities, mod-
ifiable lifestyle factors, and psychosocial concerns [28].
Effective treatment involves a comprehensive, multimodal
treatment plan to target depression, improve lifestyle factors,
and address any additional psychosocial factors [22].

Trigeminal Neuralgia

Trigeminal Neuralgia is a frequent occurrence in patients who
suffer frommultiple sclerosis. Though a relatively uncommon
condition in the general population with a lifetime prevalence
of less than 1%, for patients with multiple sclerosis, this con-
dition has a lifetime prevalence of just below 10%. In fact, in
as many as 15% of patients diagnosed with multiple sclerosis,
trigeminal neuralgia occurred preceding their initial presenta-
tion of their condition [29]. Related to the increased
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prevalence in multiple sclerosis patients, it is important to
understand how to best manage trigeminal neuralgia in this
population. In the general population, carbamazepine is an
effective first-line treatment of trigeminal neuralgia.
However, a systemic review of treatment methodologies for
this condition in multiple sclerosis patients revealed little ev-
idence in support of any classically used pharmacological
therapies [30]. This may be due to the differing pathophysiol-
ogy of trigeminal neuralgia in multiple sclerosis versus idio-
pathic cases. It has long been suspected that while idiopathic
trigeminal neuralgia manifests due to neurovascular compres-
sion, this condition may manifest in multiple sclerosis due at
least in part to enhanced inflammatory activity in plaques
associated with the disease [31]. Related to the ineffectiveness
of medical management in these patients, it has been sug-
gested that it may be advantageous to introduce surgical ther-
apies earlier in the course of treatment [30]. One of the possi-
ble methods of surgical management is a stereotactic radio-
surgical procedure. In a study evaluating the effectiveness of
this procedure, it was found that control of symptoms was
achieved in over 88% of patients with a median maintenance
period following surgery of 14 months [32]. However, there
are a variety of surgical options available. According to the
previously referenced systemic review, microvascular decom-
pression operations may be most beneficial for these patients
as they have demonstrated up to 2 years of medication-free
absence of pain. In this regard, none of the surgical options
were shown to be as effective in this patient population as they
are in patients suffering from trigeminal neuralgia without a
diagnosis of multiple sclerosis [30].

Headaches

Headaches commonly afflict patients with multiple sclerosis
irrespective of their socioeconomic standing or treatment level
[33]. The prevalence of headaches in these patients is higher
from the general population by greater than 50% [34]. In fact,
the prevalence of headache in these patients is higher whether
the patient is actively experiencing disease symptoms or is in
remission, with frequent headaches during remission being
more common in the first few years following diagnosis [35].
The most common type of headache in these patients are mi-
graine without aura and tension-type headaches. Migraine
headaches are more common in relapsing-remitting multiple
sclerosis and women, and tension-type headaches are more
common in progressive multiple sclerosis and elderly men
[34]. In general, headache in multiple sclerosis is more com-
monly found in female patients with a ratio of three females
affected for every male [36]. It was also found that chronic
migraine headaches are more commonly found in multiple
sclerosis patients of Hispanic ethnicity [33]. Migraine-type
headaches have frequently been described as a common initial
presentation of multiple sclerosis. In fact, it is now

recommended that isolated migraine with any radiographic
findings should be classified as multiple sclerosis [37].
However, a Norwegian case-control study surveying over 18
hundred patients of which over 40% were diagnosed with mul-
tiple sclerosis found no correlation of increased prevalence of
either tension-type or migraine headaches in multiple sclerosis
patients [38]. A second case-control study performed on 150
multiple sclerosis patients and an equal number of matched
controls found no significant difference in number of migraine
headaches in these patients [39]. Though there may be conflict-
ing information as to whether or not there is an increased prev-
alence of headache in patients with multiple sclerosis, there is
no debate that when headache occurs, it can be extremely de-
bilitating. For that reason, it is important to a patient’s quality of
life that headache be adequately treated. There is no difference
in the treatment approach for headaches in patients with multi-
ple sclerosis compared with the general population [36]. If
patient’s headaches persist despite appropriate treatment, ve-
nous angioplasty may be indicated if the patient has any evi-
dence of obstructions in the internal jugular veins as it may
provide more than 3 years of migraine relief [40].

Neuropathic Pain

The prevalence of neuropathic pain has been reported to be as
high as 86% in patients with multiple sclerosis and most com-
monly presents as extremity pain, trigeminal neuralgia, back
pain, or headaches [41]. However, this value is more consis-
tently reported to be closer to 20% prevalence [42–44].
Regardless of which reported value is more accurate, neuro-
pathic pain is significantly more common in patients with
multiple sclerosis than it is in the general population, where
there is a prevalence of less than 10% [41]. Furthermore, it has
been suggested that neuropathic pain in a patient with multiple
sclerosis may signify a more severe disease course as support-
ed by the identification of an increased number of nervous
system lesions in patients with more reported pain. It was also
found that for MS patients, more pain had a higher degree of
disability [44]. There are conflicting studies that do not sup-
port a connection between neuropathic pain in multiple scle-
rosis and increased disability [43]. Recognition of these pain
symptoms in multiple sclerosis patients is of high significance
as they can have a notable impact on their quality of life. A
study investigating neuropathic pain early in the disease
course found that it is relatively rare in the earlier stages of
multiple sclerosis with an occurrence in just over 4% of pa-
tients, but it was also found that occurrence of pain early in the
disease course was linked to increased disability, depression,
and fatigue. Treatment of these conditions along with pain
itself is crucial to attaining favorable patient outcomes [42].
Related to the inconsistent findings related to the occurrence
of these pain findings and the associated outcomes seen in
multiple sclerosis patients, it is clear that a more refined
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methodology of assessing these symptoms is needed.
Regardless, it cannot be denied that these pain symptoms do
occur in these patients and that appropriate treatment for them
would include management of their pain. Unfortunately, it has
been reported that conventional methods of treatment for pain
produces only a 50% reduction in symptoms. Therefore, treat-
ment is best driven by secondary factors specific to the patient.
Some such treatment methods include antidepressant medica-
tions, anticonvulsant medications, cannabinoids, and spinal
stimulation therapies [41]. Recent studies have also supported
the off-label use of low-dose naltrexone in these patients as
this regimen has been shown to produce a reduction in report-
ed level of pain and an improvement in quality of life [45].

Advances in Therapeutic Modalities

Medicinal Cannabis Therapy

For patients withMS-associated symptomswho are unrespon-
sive to traditional therapies, the use of cannabinoids has
gained popularity [46]. The natural cannabis plant has been
found to contain many chemical components, including the
well-known cannabidiol (CBD) andΔ9-tetrahydrocannabinol
(THC) [47]. These biologically active compounds have a
known range of therapeutic use in medicine, and CBD has
been shown to have properties that are antioxidative, anti-in-
flammatory, antiemetic, antipsychotic, and neuroprotective
[48]. Although many patients with MS have tried or currently
use cannabinoid-based products, high-quality studies have on-
ly recently begun to examine the efficacy of their use. With
recent changes in legal status among individual states, thera-
peutic cannabinoid use has been increasing [49]. However,
due to its prohibition at a federal level, high-quality large-scale
studies remain limited within the USA [48]. Current FDA-
approved cannabinoid formulations include schedule I botan-
icals administered through ingestion, inhalation, or topical
formulation; schedule III dronabinol administered in 2.5 g
capsule form; and schedule II nabilone, administered in
1 mg capsule form [48]. Non-FDA-approved formulations
investigated include nabiximols oromucosal spray,
cannabidiol oral solution, and capsular Cannador, a cannabis
extract of 2:1 THC:CBD [49] (Table 2).

Although patients with MS can present with a wide variety
of symptoms, cannabinoids have shown modest efficacy in
treating spasticity [54]. In a recent review of high-quality stud-
ies, patients reported a perceived reduction of spasticity with
use of cannabis products; however, no significant decrease
was reported by physician measures [48]. A 2018 study in
the Czech Republic found that inconsistency in reports
concerning changes in spasm frequency and mobility is likely
due to lack of a standardized protocol [54]. They noted that
limiting analysis to 37 protocols of similar dosing and

frequency schedules revealed significant improvement in the
frequency of spasms [54]. One proposed mechanism for can-
nabinoid efficacy in modulating spasticity involves the role of
CBD as an inflammatory mediator [49].

In addition to reduction of spasticity, earlier studies of can-
nabinoids on non-cancer pain showed a modest amount of pain
relief [55]. Recently, Turri et al. reported a statistically signifi-
cant decrease in pain among 19 patients after use of oromucosal
cannabinoid spray for 1 month [50]. This decrease was mea-
sured through clinical examination, numerical pain rating, quan-
titative sensory testing, and laser-evoked potentials and revealed
a reduced amplitude of potentials and increased latency to
symptoms. The study also reported modulation of cold-
sensitive pain pathways after treatment, subsequently reducing
pain perception [50]. This was suggested as a possible therapeu-
tic target for pain control [50]. A second review of 9958 patients
examined the use of cannabinoids in chronic non-cancer pain
and found the highest quality evidence pertained to MS-related
and neuropathic pain [51]. Although cannabinoids were found
to provide modest short-term relief when used adjunctively, the
evidence from this study did not support monotherapy. Further
findings suggested that efficacy diminished with prolonged use
[51]. Additionally, early data may suggest improved mobility in
patients affected by MS, likely secondary to their perceived
relief of pain and spasticity [49]. Such findings are promising;
however, the cannabinoid preparations used in this study are not
available in the USA at the time of writing. Furthermore, dose
delivery is difficult to regulate.

Although mild, some reported adverse effects include
headache, nausea, somnolence, dizziness, cough, dry cough,
and less commonly euphoric mood and paranoia [56]. Patients
are also at increased risk of psychosis, decreased cognition
and memory, cardiovascular disease, and cannabinoid
hyperemesis syndrome [51]. Additionally, a study by Landa
et al. noted that oral formulations may be associated with
increased central adverse effects, possibly due to the increase
of active metabolites, wide range of bioavailability, and vari-
ability of oromucosal drug absorption within and between
individuals [54] Furthermore, heterogeneity in patient profile
leads to increased difficulty in measuring secondary outcomes
and in predicting adverse effects [52].

Cannabinoids play a role in modulating chronic pain and
refractory spasticity; however, studies have yet to clearly
quantify the therapeutic effect to date. In current practice, it
may be beneficial to incorporate cannabinoid preparations
adjunctively into treatment plans with the aim of reducing
prescription drug use of medications such as opioids, benzo-
diazepines, and antidepressants [51]. However, it is important
to investigate standardization of various preparations in order
to provide consistent and effective treatment. One study rec-
ommends individually assessing each patient to determine
whether cannabinoids may be therapeutic, and initiating a
short-term trial to monitor outcomes [57]. Looking forward,
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standardization of dose and delivery method must be investi-
gated by high-quality long-term studies.

Physical Therapy and Exercise Programs

The benefits of exercise programs and physical therapy par-
ticipation have long been suspected for patients with multiple
sclerosis. In general, exercise has previously been demonstrat-
ed to reduce sensation of painful stimuli and simultaneously
supply a generalized anti-inflammatory effect [58]. A signifi-
cant benefit for patients with multiple sclerosis has been sug-
gested as the anti-inflammatory setting created by exercise
could potentially lead to a reduction in disease flare-ups. It
has been suggested that regular exercise programs may slow
disease progression in multiple sclerosis and may even pro-
mote regeneration of neural tissues, though various studies
show conflicting data on this matter. A systemic review and
meta-analysis of studies regarding the connection between
exercise and pain in patients with multiple sclerosis demon-
strated that there is a significant reduction in level of pain in
these patients when taking part in exercise programs, though
the review did identify possible etiologies of bias within the
examined trials [58]. Exercise programs have also demonstrat-
ed benefits beyond pain reduction. A study investigating the
effect of a 6-month yoga program on patients with multiple
sclerosis showed significant improvement in fatigue, walking
speed, depression, and health-related quality of life [59]. Other
benefits of exercise in multiple sclerosis patients are explored
in Table 3. Despite the various benefits that have been dem-
onstrated for these patients, they continue to exhibit lower
levels of participation in these activities in relation to the gen-
eral population [61]. For this reason, patient education regard-
ing these findings is paramount. Patient involvement in

exercise programs is strongly recommended. Best practice
indicates a preliminary evaluation of the patient’s current ac-
tivity status and their specific goals of treatment and the for-
mulation of an individualized program which is built with the
patient’s specific starting point and desired end points in ad-
visement. An alternative, generalized treatment plan for situ-
ations where personalized plans are not possible is the exercise
staircase model which elevates from passive range of motion,
to active range of motion, to integrated exercises [60]. Specific
methods that could be incorporated into a patient’s personal-
ized program include aerobic training, resistance training,
stretching exercises, coordination exercises, and respiratory
muscle training. Though the benefit of physical activity for
multiple sclerosis patients has been demonstrated to an extent,
existing trials do not consistently show similar findings and
may in fact open the door to forms of bias [58]. The iStep-MS
trial is an ongoing effort to assess the possible role of inter-
ventions designed to enhance physical activity in these pa-
tients which may more clearly address concerns associated
with existing research [62]. The TEAMS study is an ongoing
study aimed to assess the possible role of tele-rehabilitation in
providing resources for exercise programs for patients in rural
areas where access to care is limited [63].

Neuromodulation

Neuromodulation is the practice of targeted electrical or chem-
ical neuronal stimulation or inhibition, and its applications
have been growing to treat a number of neurological patholo-
gies. Neuromodulation has the capacity to restore neurological
function, and thus has become the focus of therapeutic re-
search in MS and other neurologic diseases [64]. Intrathecal
baclofen pumps, deep brain stimulation, spinal cord

Table 3 The effects of exercise on various health metrics in patients with multiple sclerosis [60]

Health metric Associated exercises Description of effect

Cardiorespiratory fitness Aerobic exercises, respiratory muscle
training

Increases in respiratory function studies, connected to
significantly increased functional capacity

Bone health Resistance training Slows bone loss due to chronic corticosteroid use
associated with multiple sclerosis

Fatigue Aerobic exercises, resistance training Reduced fatigue accomplished by exercise has been
shown to reduce disease-related pain, impaired
cognition, and anxiety

Health-related quality of life Aerobic exercises Quality of life is improved with exercise most likely
due to improved mobility and reduced cognitive impairment.

Muscle strength and endurance Resistance training Increased moving ability, improved walking performance,
improved functional capacity

Balance Stability training Reduces likelihood of falls and disability

Flexibility Stretching exercises Prevents muscular spasticity and improves range of motion

CNS morphology Aerobic exercises Limited data suggests increased gray matter volume, unification
of white matter tracks, and improved hippocampal-cortical
connections
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stimulation, and transcranial magnetic stimulation are all
neuromodulation therapies currently in practice.

Intrathecal baclofen pumps with functional electrical stimu-
lation have been shown to improve spasticity and motor func-
tions in patients with MS [64]. While botulinum toxin has
historically been used to relieve focal spasticity, intrathecal
baclofen pumps have become the preferred treatment for dif-
fuse spasticity. The pump is implanted subcutaneously in the
abdomen and is connected to the thoracic intrathecal space by a
catheter. It provides a continuous basal rate of baclofen with
additional doses when needed, all at much smaller doses than
what would be administered orally [64]. A recent study showed
that patients with an intrathecal baclofen pump experienced a
higher incidence of seizures when compared with a control
group, but also noted that such seizures were often associated
with other triggers [64]. Overall, the benefits of an intrathecal
baclofen pump far outweigh potential adverse effects.

Deep brain stimulation is another neuromodulation therapy
that has potential in treatingMS. Studies have shown that deep
brain stimulation can improve MS-related tremor and trigem-
inal neuralgia. Patients with distal postural tremor who have
no significant ataxia, spasticity, or sensory deprivation in the
affected limb have seen the most benefit from deep brain
stimulation [64].

Spinal cord stimulation has been utilized to treat MS-
related pain and bladder dysfunction. Bladder overactivity al-
so responds to sacral neuromodulation as well as posterior
tibial nerve stimulation [64]. Functional electrical stimulation
can be applied peripherally to the nerve supply of weak mus-
cles (such as foot extensors) to restore function and prevent
muscle atrophy [64]. Spinal cord stimulation is often compli-
cated by hardware infection, lead displacement, and lead
breaks that require frequent corrective procedures. Such com-
plications affect an estimated 65% of patients [64].

Recent therapies have focused on transcranial magnetic
stimulation and brain-computer interfaces as neuromodulation
therapy for MS patients. Such stimulation has potential for
symptom mitigation as well as neurorehabilitation, but the
effect is still being studied [64].

Conclusion

MS presents as autoimmune processes that result in oligoden-
drocyte death and myelin sheath destruction, and leads to severe
physical, cognitive, and neurological deficits. Inflammatory in-
filtration of the CNS results in debilitating symptoms such as
spasticity, fatigue, motor deficits, and cognitive impairment with
the danger of progressing to chronic neuropathic pain.
Trigeminal neuralgia and headaches present with much higher
prevalence in patients with MS when compared with healthy
adults. MS-associated pain is often multifocal and may manifest

alongside a combination of physical and psychological
comorbidities.

With numerous treatment regimens on the table, clinicians
must consider pharmacologic, non-pharmacologic, and surgi-
cal interventions. Preliminary data indicates cannabis may
provide pain relief when used as an adjunct. Exercise and
physical therapy may slow disease progression and reduce
the incidence of disease flare-ups. While trigeminal neuralgia
associatedwithMS ismore responsive to surgical intervention
than treatment with carbamazepine, the same cannot be said
for trigeminal neuralgia in individuals without MS. More re-
cently, neuromodulation has emerged as a mechanism to man-
age varying symptoms of MS. Intrathecal baclofen pumps
have redefined the mainstay of spasticity management, and
spinal cord stimulation and deep brain stimulation have been
used to combat pain, bladder dysfunction, and tremor.

MS is a chronic demyelinating disease of the CNS and rep-
resents a significant burden on healthcare globally. With a high
prevalence in a young patient population, novel therapies are
being consistently refined in search of the most efficacious
approach to disease management. Recognizing the variety in
prodromal signs and early presenting symptoms may enable
clinicians to enact a prompt therapeutic response and minimize
disease progression and long-term complications.
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