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Central post-stroke pain (CPSP) is an incapacitating disorder that impacts a substantial proportion of stroke
survivors and can diminish their quality of life. Conventional therapies for CPSP, including tricyclic antidepressants,
anticonvulsants, and opioids, are frequently ineffective, necessitating the investigation of alternative therapeutic
strategies. Repetitive transcranial magnetic stimulation (rTMS) is now recognized as a promising noninvasive pain
management method for CPSP. rTMS modulates neural activity through the administration of magnetic pulses to
specific cortical regions. Trials analyzing the effects of rTMS on CPSP have generated various outcomes, but the
evidence suggests possible analgesic benefits. In CPSP and other neuropathic pain conditions, high-frequency rTMS
targeting the primary motor cortex (M1) with figure-eight coils has demonstrated significant pain alleviation. Due to
its associaton with analgesic benefits, M1 is the most frequently targeted area. The duration and frequency of rTMS
sessions, as well as the stimulation intensity, have been studied in an effort to optimize treatment outcomes. The
short-term pain relief effects of rTMS have been observed, but the long-term effects (> 3 months) require further
investigation. Aspects such as stimulation frequency, location, and treatment period can influence the efficacy of
rTMS and ought to be considered while planning the procedure. Standardized guidelines for using rTMS in CPSP
would optimize therapy protocols and improve patient outcomes. This review article provides an up-to-date overview
of the incidence, clinical characteristics, outcome of rTMS in CPSP patients, and future perspective in the field.

Keywords: Analgesics, Opioid; Central Post-Stroke Pain; Cerebral Cortex; Neuralgia; Pain; Pain, Intractable; Quality of
Life; Stroke; Therapeutics; Transcranial Magnetic Stimulation.

INTRODUCTION efited from the application of rTMS have demonstrated

this. Eleven to forty percent of stroke patients experience
Repetitive transcranial magnetic stimulation (rTMS) is chronic pain, with CPSP being the most common vari-
a noninvasive, effective alternative treatment for central ant [1,2]. Reportedly, chronic pain disorders following a
post-stroke pain (CPSP). Several investigations that ben- stroke can diminish quality of life by impacting emotions,
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sleep, and the ability to socialize [3]. The incidence of
CPSP in stroke patients can vary between one percent to
thirty-five percent [4]. Damage to any part of the brain’s
somatosensory pathways, including the medulla, thala-
mus, and cerebral cortex, can result in CPSP [5]. Multiple
research investigations show that the occurrence of CPSP
differs depending on the area of the damage, with a nota-
bly high incidence following infarct of the lateral medulla
or damage in the ventroposterior thalamic region [6].
In research by MacGowan et al. [5], 63 individuals with
infarct of the lateral medulla were diagnosed retrospec-
tively and prospectively, and 16 of them developed CPSP.

CPSP, like other neuropathic disorders, is frequently
challenging to manage, and drug dosage can be limited
due to adverse effects, especially in elderly people. In the
clinical setting, pharmaceutical management for CPSP
typically entails trying various drugs until alleviation of
pain is achieved, frequently involving a combination of
multiple medications [7]. Neurostimulation therapies,
such as r'TMS, have been developed recently in individu-
als with CPSP which are resistant to pharmaceutical
therapy [6]. This review article provides an up-to-date
overview of the incidence, clinical characteristics, and
outcomes of rTMS in CPSP patients, as well as future per-
spectives in the field.

MAIN BODY

1. Current definition of CPSP
1) CPSP then and now

In 1891, Edinger introduced the idea of central pain for
the first time. In a paper titled “Le syndrome thalamique”
published 15 years later, Déjerine and Roussy provided
a widely cited description of CPSP. A limited number of
patients with multiple neurologic manifestations attrib-
utable to lesions in the optic thalamus were described.
The thalamus and a portion of the posterior extremity of
the internal capsule were affected in these three patients,
as determined by their pathological examinations [6].
Twenty-four stroke patients who showed signs of tha-
lamic optic lesions and central pain in 1911 were docu-
mented comprehensively by Head and Holmes for their
sensory abnormalities and pain experiences. During the
recovery of function, these neurologists observed that pa-
tients frequently experienced discomfort and hypersensi-
tivity to stimuli [8]. In 1938, Riddoch [9] elaborated on the
clinical characteristics of central pain originating from

both thalamic and extra-thalamic origins. Although few
individuals exhibit the traditional “Dejerine and Roussy
syndrome,” the word “CPSP” has become primarily used
to characterize neuropathic pain following a stroke. Cen-
tral pain can also be produced by vascular damage in
parts of the central nervous system (CNS) other than the
thalamus [6].

CPSP is one of the chronic pain disorders known as
central neuropathic pain, which is brought on by dam-
age or dysfunction of the CNS [10]. Due to the challenge
of distinguishing this disease from various pain disorders
linked to abnormalities of the CNS, a new description of
central neuropathic pain has emerged in recent years. It
refers to discomfort brought on by central somatosensory
lesions or illness. Other pain conditions, including head-
aches, spasm pain, contracted muscles, hemiplegic pain
in the shoulder, and various forms of musculoskeletal
pain, can complicate the clinical manifestation of CPSP
[11].

There are currently no pathognomonic indications for
the diagnosis of CPSP. The elderly and post-stroke pa-
tients are prone to chronic pain, and many individuals
may experience multiple forms of pain simultaneously.
Nociceptive sources are frequently the main culprits in
these patients’ suffering, despite the fact that many of
them meet the diagnostic requirements for neuropathic
pain. It might be challenging to pinpoint the central neu-
ropathic component in CPSP instances when symptoms
like spasms, hemiplegic pain in the shoulder, and other
musculoskeletal discomfort are present. Multiple forms
of pain can sometimes manifest in the same area of the
body [6]. Certain researchers characterize CPSP as a syn-
drome of post-stroke central neuropathic pain that affects
the specific area of the body associated with cerebral and
vascular damage. Pain and aberrant sensory perception
are its defining features [12]. There are no longer any
other identified sources of peripheral neuropathic, noci-
ceptive, or psychogenic pain [13]. As a result, the alterna-
tive diagnosis must take into account sensory signals, the
site of the lesion, and certain clinical examination con-
clusions, for example, a rise in muscle tone or shoulder
muscle displacement [6].

Chronic pain in stroke patients was not always directly
related to the stroke, as prior chronic pain syndromes are
frequent in those with post-stroke pain [1]. Shoulder pain,
CPSP, spasticity, and tension-type headaches are the
most frequent types of chronic pain following a stroke.
Some stroke patients may experience multiple types of
discomfort [1,2]. Reportedly, chronic pain disorders fol-
lowing a stroke can diminish quality of life by impacting
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emotions, sleep, and the ability to socialize [4]. Despite
scant epidemiological research on CPSP, its prevalence
among stroke patients ranges from 1% to 35% [6]. Ac-
cording to one study, people with sensory abnormalities
are more likely to have CPSP (18%) than those without it
[2]. CPSP is not an unusual illness, and the evaluation of
sensory manifestations, especially pain, is an essential
component of post-stroke patient monitoring, especially
for geriatric people or those with aphasia [6].

2) Neuroanatomy of CPSP

A complicated network of axonal branches that connect
to several brain areas makes up the pain mechanism.
There are connections between the anterior pretectal
nucleus, periaqueductal gray (PAG) matter, lateral and
medial thalamus, ventral and dorsal medullary reticular
formation, amygdala, and hypothalamus. The ascending
route is made up of two distinct routes of pain known as
the medial and lateral route [14]. The spinohypothalamic,
spinoamigdala, medial spinothalamic, and spinoreticular
tracts comprise the medial system. There are connec-
tions between these tracts and the limbic, prefrontal, and
cingulate cortices. The medial system transmits informa-
tion regarding affective, motivational, and autonomic
pain responses [15]. The spinothalamic tract, which con-
nects to the lateral thalamus and then to the primary and
secondary somatosensory cortices, makes up the lateral
system. These regions determine the nature, location,
and intensity of the nociceptive stimulus [14]. Although
the exact processes behind the development of CPSP are
still unknown, neuroanatomical linkages are well under-
stood. Nevertheless, it is widely recognized that CPSP has
implications beyond structural damage [16].

Lesions caused by a stroke reduce M1 stimulation in
the affected part of the brain. This decreases neuronal
output, particularly interhemispheric inhibition (IHI) to
M1 in the brain area that was unaffected by the stroke. As
a result, the neuronal output and M1 excitability in the
contralateral hemisphere both increase, enhancing the
IHI from the contralateral M1 to the affected M1 and in-
hibiting excitability in the affected hemisphere [17].

In order to explain how a person having lateral thalam-
ic injuries misperceives painful and non-painful stimu-
lation, Henry Head and Gordon Holmes developed the
disinhibition theory in 1911. Their hypothesis states that
damage to the lateral nucleus disrupts cortical control
mechanisms, resulting in hyperactivity in the thalamus
and increased reactions to stimuli [8]. According to a the-
ory by Craig [18], injuries to the CNS cause the output of
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thermosensory regions in the insula and limbic networks
to be out of balance. Damage in the lateral lamina I spi-
nothalamocortical route, which is linked to the parieto-
insular cortex through posterolateral thalamic inputs,
cause polymodal nociceptive activity to stop being turned
off [16]. In contrast, damage in the medial lamina I spi-
nothalamocortical route, which is linked to the anterior
cingulate cortex, results in thermosensory integration
deficits. This loss manifests as a burning sensation and
increased sensitivity to temperatures that were formerly
innocuous [18]. The notion that injury to the spinotha-
lamic route is an important process in CPSP is supported
by additional research. Boivie et al. [19] discovered that
damage at any site on this route can result in CPSP, and
Vartiainen et al. [20] showed that disruption of the spino-
thalamocortical route is an independent predictor of the
onset of central pain.

Using imaging techniques, researchers have also con-
ducted investigations into CPSP. Using magnetic reso-
nance imaging, the temporal cortex, secondary somato-
sensory cortex, insular cortex, ventrolateral prefrontal
cortex, and nucleus accumbens have been identified as
exhibiting characteristic cortical atrophy in CPSP patients
[21]. These structural changes point to anatomical vari-
ances that might be responsible for maladaptive changes
linked to the emotional aspect of pain and sensory dis-
crimination impairment [22]. In another investigation
employing diffusion tensor imaging (DTI), changes in
white matter microstructure were detected in pain-pro-
cessing regions, including the anterior cingulate cortex,
posterior insula, thalamus, and somatosensory cortex.
This research also revealed an increase in functional
connection within the anterior cingulate cortex and a de-
crease within the somatosensory cortex [23]. Adopting a
holistic strategy that combines neurophysiological mea-
surements to comprehend the connection among areas
of neuroanatomical damage and physiological states may
therefore contribute to a more accurate diagnosis [24].

Since thalamic injuries are usually followed by CPSP,
it is thought that the thalamus is crucial to understand-
ing the mechanisms behind central pain. In one study,
out of eleven patients with thalamic lesions and pure
sensory stroke, nine were found to have minor infarcts in
the thalamus, specifically in the posterolateral nucleus,
which contained the damage [25]. Another study found
that damage to the caudal ventral thalamic nucleus was
enough to reduce temperature sensibility and cause CPSP
without altering the posterior part of the medial ventral
nucleus [26]. Positron emission tomography (PET) inves-
tigations have shown that CPSP patients with spontane-
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ous pain at rest have lower blood circulation to the areas
of the brain in the thalamus. This shows that the thala-
mus is less active, which could be connected with the
cause of neuropathic pain. Through single-photon emis-
sion computerized tomography and PET imaging, tha-
lamic hyperactivity was identified in allodynia [6]. Studies
on primates and rodents with central pain suggest that
an elevated excitability of thalamic nuclei is the result of
abnormal homeostasis plasticity caused by the absence
of normal ascending input through the spinothalamic
tract [27]. Using microelectrodes, electrical stimulation
of specific regions in the lateral and medial thalamus can
induce pain [28]. As a pain producer or in the handling of
aberrant ascending input, the thalamus likely performs
an essential part in certain patients with central pain [6].

3) Pathophysiology of CPSP

Changes in brain plasticity can also cause CPSP in ad-
dition to physical injury to the pathway. This concept
proposes that malfunctioning neural plasticity is the pri-
mary mechanism underlying CPSP and is supported in
the pathophysiology of other neuropathic pain disorders,
such that the abnormal condition of spontaneous pain
is associated with inappropriate responses to cortical
and thalamic hyperexcitability [22]. In a study with rats,
Gritsch et al. [24] hypothesized that central pain is gener-
ated by hyperexcitability of the lateral thalamus, which is
linked to the expression of calcium-voltage-dependent
channels and alterations to the GABAergic inhibitory
mechanism. Other animal investigations have shown that
the occurrence of CPSP is associated with an increased
connection between the mediodorsal (MD) nucleus of
the thalamus and the amygdala in the affected hemi-
sphere [29]. In addition, Kuan et al. [30] identified brain-
derived neurotrophic factor (BDNF) as a possible media-
tor of abnormal neural activity in the circuit involving the
medial thalamus and the cingulate cortex.

Central sensitization plays a part in the processing of
pain in CPSP, just like it does in other kinds of neuro-
pathic pain [31]. Central sensitization is an increased
neuronal response to central signaling, primarily focused
on the dorsal horn, although the thalamic and cortex ar-
eas can also be concerned. There are both homosynaptic
and heterosynaptic processes involved in central sensiti-
zation. Homosynaptic processes involve identical inputs,
while a heterosynaptic processes involve different inputs
and can lead to allodynia [32]. Sensitization mechanisms,
which fall into five categories—pre-synapse changes,
post-synapse changes, interneuron changes, alterations

in descending modulation, and immune/microglial
mechanisms—involve higher discharge of excitatory neu-
rotransmitters and/or improved synaptic effectiveness
(33].

Several metabotropic G-protein-coupled receptors,
such as p-opioid receptors, GABA-b, and adenosine re-
ceptors, inhibit glutamate release pre-synaptically. After
nerve damage, p-opioid receptors are located simul-
taneously pre- and post-synapse, which may cause an
increase in glutamate release [34]. Voltage-gated calcium
channel activation at the terminals of the main afferent
centers initiates the release of excitatory neurotransmit-
ters. The dorsal root ganglion and spinal cord both ex-
perience elevation of the ¢.2-§ subunit of these channels
in response to nerve damage [35]. This could result in a
rise in calcium influx and glutamate discharge, ultimately
leading to neuropathic pain. Due to their ability to attach
and inhibit this subunit, the anticonvulsant medications
gabapentin and pregabalin are useful in treating neuro-
pathic pain [33].

In some studies, the function of post-synaptic process-
es in central sensitization was found. Substance P and
other peptides cause a gradual depolarization that leads
to the activation of the glutamate N-methyl-D-aspartate
(NMDA) channels, which then allow calcium entry
[36]. Calcium can enter through o.-Amino-3-Hydroxy-
5-Methyl-4 Isoxazole Propionic Acid receptors, and this
mechanism can play a role in long-term potentiation
(LTP) of the dorsal horn, which ultimately causes hyper-
algesia and allodynia [33].

The immune system, including cytokines such as inter-
leukin (IL)-1B, IL-6, and tumor necrosis factor-o. (TNF-a.),
plays a role in neuropathic pain [37]. Microglia are acti-
vated, and respond with nociceptive inflammatory medi-
ators, and activate pain-related neurotransmitter recep-
tors. Through the overexpression of glutamate receptors
and the downregulation of GABA, which both contribute
to the pain effect, TNF-o and IL-1j are implicated in con-
trolling the development of neuropathic pain [33]. Fig. 1
illustrates the pathophysiology of CPSP.

4) Diagnostic criteria of CPSP

CPSP shares clinical characteristics with other central
and peripheral neuropathic pain disorders [38]. There are
no hallmark manifestations associated with the develop-
ment, diagnosis, or severity of CPSP, and the symptoms
and description of CPSP can differ considerably between
patients [6]. Persistent or sporadic pain that is reported
as searing, pulsating, pressing, or freezing can be a symp-
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tom of CPSP. Typically, the pain is localized to a specific
anatomical location and is accompanied by somatosen-
sory abnormalities and impairment in both proximal and
distal body segments, which correspond to the anatomi-
cal site of the damage within the CNS [16].

The interval between a stroke and the onset of pain
differs, with some patients experiencing pain immedi-
ately after the event and others developing it years later.
Although the onset of CPSP can be delayed, the majority
of cases manifest within the first few months following a
stroke [6]. In a prospective trial with 16 CPSP patients, ten
individuals experienced pain during their first month fol-
lowing their stroke, three during one and six months, and
three after six months [12].

Despite the efforts of clinicians and researchers to es-
tablish standardized diagnostic criteria, CPSP remains
difficult to classify due to the wide variety of clinical
symptoms. Table 1 outlines the diagnostic criteria used
to evaluate individuals with CPSP, which have been pro-
posed by a variety of researchers [6,39,40].

2. Current treatment guideline recommendations
on CPSP

Similar to other neuropathies, the treatment of CPSP is
frequently complicated and limited by the possibility of
adverse effects, particularly among older people. In the
clinical setting, pharmaceutical management for CPSP
typically entails trying various drugs until alleviation of
pain is achieved, frequently involving a combination
of multiple medications. The only study done so far on
CPSP prevention was a double-blind, prospective, place-
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Immune/microglial
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bo-controlled trial that looked at how well amitriptyline
(75 mg per day) worked in 39 people who had just had an
acute thalamic stroke. The study followed these patients
for one year, but no significant preventive effect was dis-
covered [7].

The initial therapy for neuropathic pain is tricyclic
antidepressants, which are effective in a variety of neu-
ropathic pain conditions [41,42]. Amitriptyline (75 mg/
day) effectively decreased pain in CPSP patients. Many
respondents had plasma values of more than 300 nmol/
L of amitriptyline, which was associated with the impact.
Fatigue and dry mouth were the most frequent adverse
effects [43].

Anticonvulsant drugs are drugs whose analgesic mech-
anism acts in several ways, including reducing neuronal
hyperexcitability. It is generally known that gabapentin
and pregabalin are effective at treating both peripheral
and central neuropathic pain [13,44]. In one pregabalin
study, patients with central neuropathic pain experi-
enced a significant therapeutic benefit in pain intensity
[45]. The most frequently observed adverse effects were
nausea, somnolence, intellectual function decline, and
dizziness. Lamotrigine was tolerated effectively and had
an adequate pain-relieving benefit in one study for CPSP
[43,46]. A summary of neuropathic pain medications and
how they work is provided in Table 2 [47-49].

The most well-researched combination for the treat-
ment of neuropathic pain is pregabalin or gabapentin
combined with tricyclic antidepressants, and specialists
have had positive clinical results with this approach. Pre-
gabalin or gabapentin combined with tricyclic antide-
pressants is beneficial for people who cannot handle high
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doses of either medication or who require more than one
medication to relieve their pain [50]. However, we must
be aware of adverse effects, which may be more prevalent
and severe in stroke patients [51]. Some of the side effects
that often appear when using this combination of drugs
include sedation, nausea, dyspepsia, dizziness, head-
aches, and blurred vision [52].

Various non-pharmaceutical treatments for CPSP have
been investigated for their efficacy. Psychological thera-
pies, such as relaxation techniques and biofeedback, as
well as acupuncture and vestibular caloric stimulation,
may be useful in the management of CPSP. In cases of
CPSP that do not respond well to medications, neuro-
stimulation therapies like motor cortex stimulation
(MCS), deep brain stimulation (DBS), and rTMS can be
considered [6]. Among the recommendations for post-
stroke rehabilitation, only the American Heart Associa-
tion/American Stroke Association have specifically ad-
dressed using neurostimulation therapy for CPSP [53].
Table 3 summarizes the current post-stroke rehabilitation
guideline recommendations for CPSP [53-55].

3. New evidence on the management of CPSP with
rTMS

1) Development of rTMS

Galvani and Volta started the bioelectric movement in
the late 17th and early 18th centuries, which is where
transcranial magnetic stimulation (TMS) originated [56].
Since then, TMS has evolved into a non-invasive treat-
ment for a variety of neurologic and mental health condi-
tions. Michael Faraday made the scientific discovery of
electromagnetic attraction in 1831, demonstrating that
magnetic field variations can generate electricity [57].
The fundamental principles of TMS are derived from the
Maxwell-Faraday formula and principle. Once the coil is
“active,” it generates a magnetic field through the flow of
current. In the absence of a current, the magnetic field
generates a perpendicular electric field that is higher at
the edges and lower in the middle. This magnetic cur-
rent depolarizes the transmembrane potential while also
stimulating the nearby neurons [58]. There are several
coil models, including circular, figure-eight, or butterfly
coil, as well as H-coil shapes, available to designate the
stimulation’s focal point [56].

In 1985, Barker, Jalinous, and Freeston of Sheffield,
United Kingdom, described the repetitive method. They
used an over-the-head coil capable of generating action
potentials in the arm muscles in conjunction with a ca-

therapy at the maximum permissible dose should be given the option of receiving therapy with an alternative

medication or medication in conjunction with the first medication.

treatments.
B. Patients with central post-stroke pain who are unable to obtain adequate pain relief with initial pharmaceutical

unresponsive to other therapies in carefully selected patients (Class llb, LoE B)
- The efficacy of deep brain stimulation as a therapy is yet to be proven (Class lll, LoE B)

Inhibitor (especially duloxetine) should be administered to patients (LoE C)
- Opioids and tramadol can be used to treat patients unresponsive to first- and second-line treatment (LoE C)

A. Patients with central post-stroke pain ought to receive amitryptilline, gabapentin, or pregabalin as their initial

- Second-line therapies could include phenytoin, gabapentin, pregabalin, or carbamazepine (Class llb, LoE B)

- The efficacy of transcutaneous electrical nerve stimulation (TENS) as a therapy is yet to be proven (Class lll, LoE B)

- Motor cortex stimulation may be appropriate in the management of persistent central post-stroke pain that is

- Anticonsulvant (such as gabapentin or pregabalin) should be the initial therapy for central nervous system pain (LoE C)
- As a second-line treatment, tricyclic antidepressant (e.g., amitryptiline) or a Serotonin-norepinephrine Reuptake

- Amitriptyline and lamotrigine are acceptable first-line medications (Class lla, LoE B)

American Heart Association/American Stroke
Association (2016) [53]

Royal College of Physicians (2016) [54]
Canadian Stroke Best Practice (2020) [55]
CPSP: central post-stroke pain, LoE: level of evidence.

Table 3. Summary of current clinical management guideline recommendations on CPSP
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pacitor discharge device [59]. This extended the concept
of the single pulse developed at the National Hospital in
London by A. Merton and H. B. Morton [57]. They admin-
istered a short, high-voltage electric shock to stimulate
the motor cortex and elicit the motor evoked potential, a
relatively synchronous muscle response. Unfortunately,
initial attempts at this technique failed, but in 1985, TMS
was conducted for the first time painlessly or with mini-
mal discomfort. To effectively employ TMS, pulses of
varying frequencies must be administered repeatedly to
stimulate or inhibit brain functions [56].

Dr. Alvaro Pascual Leone is a pioneer in demonstrating
how rTMS may bring insight into brain function. In his
studies involving blind people, he and his associates ap-
plied magnetic stimulation to the cerebral cortex and ob-
served an improvement in Braille reading ability, indicat-
ing neural plasticity. His research has included epilepsy,
stroke, Parkinson’s disease, pain, autism, melancholy,
and dementia, among others [60]. rTMS has emerged as
a cost-effective, and repeatable method for researching
the brain that is safe and non-invasive. Initially employed
predominantly for cortical mapping, it is now being in-
vestigated as a treatment or potential treatment for a vari-
ety of conditions [56].

2) The mechanism of rTMS for CPSP

Utilizing the electromagnetic induction principle that
Michael Faraday first introduced in 1831, TMS uses a
wire coil to produce a brief and rapidly changing current.
This current generates a fluctuating magnetic field of
high strength (+1-2 Tesla) [61]. In 1985, Barker et al. [59]
performed the initial demonstration of TMS on humans.
Since then, the discipline has experienced rapid expan-
sion and numerous technological adaptations, but the
fundamental principle has remained unchanged. Con-
ventionally, coils are positioned tangentially to the cra-
nium, and magnetic pulses are delivered perpendicular
to their plane. This pulse reaches the brain by penetrating
the epidermis, scalp, and skull [61]. The magnetic pulse
induces an electric current within the brain that is in line
with the coil axis and perpendicular to the magnetic field.
This induced current can induce action potentials in the
designated brain region’s neurons [62]. Recent develop-
ments have enhanced our comprehension of the neural
elements activated by TMS. Scientists have tracked both
“direct” and “indirect” stimulation of pyramidal V-layer
neurons via mono- and polysynaptic interneuron circuits
by utilizing epidural cervical electrodes to observe de-
scending flow throughout the corticospinal tracts evoked

by single-pulse TMS to the primary motor cortex [63].
Considering these advancements, the particular process-
es underlying TMS-induced neuronal activation continue
to be inadequately understood and the subject of ongo-
ing debate [61].

rTMS may share a similar mechanism with MCS, as
suggested by research on MCS. These studies suggest that
MCS could directly shut down parts of the brain that con-
trol the emotional response to pain and/or indirectly set
off processes that make dorsal horn inhibitory pathways
more active [64]. rTMS may also alleviate pain by increas-
ing blood circulation to the damaged location. It has
been shown that there is a relative decrease in cerebral
blood flow (CBF) in chronic pain, and PET investigations
have shown that rTMS administration in M1 substantially
increases CBF in neuropathic pain patients [65]. rTMS
activation via an interhemispheric pathway through the
corpus callosum has been suggested as the cause of this
extensive influence on CBF [66]. The researchers came to
the conclusion that rTMS can cause bilateral increases in
brain tissue oxygen consumption through sustained dila-
tation of small resistance arteries without documenting
the effects of rTMS on hemodynamic variables (such as
changes in pulse rate or blood pressure) [67].

Several functional magnetic resonance imaging in-
vestigations on CPSP patients treated with rTMS have
demonstrated significant decreases in activity in the
secondary somatosensory cortex (S2), insula, prefrontal
cortex, and putamen [68]. Goto et al. [69] used DTI to
track fibers from the corticospinal tract and thalamocor-
tical tract in a functional imaging study. This suggests
that the integrity of both tracts is important for rTMS [69].
Effective respondents to rTMS had greater delineation
ratios of the corticospinal and thalamocortical tracts than
ineffective responders (delineation ratio: cross section of
the affected side divided by the unaffected side in a ratio)
[69]. The meta-analysis conducted by Leung et al. [64]
also supports the importance of the general integrity of
pain modulation systems in determining the prospective
therapeutic benefit of rTMS. Ohn et al. [68] discovered
an important relationship between the functioning of
superior thalamocortical tracts in the ipsilesional hemi-
spheres and variations in visual analog scale (VAS) scores
after rTMS. Ahmed et al. [70] found that the decrease
in VAS scores that rTMS caused in M1 was linked to an
increase in beta-endorphin in the brain, which is a neu-
ronal analgesic factor. -TMS-induced plasticity changes
in the function and structure of emotion-related cerebral
regions may be associated with pain relief [71].

Research conducted on animals has shed light on
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the workings of rTMS in CPSP. In studies of the Macaca
fuscata monkey, the thalamocortical somatosensory
pathway between the ipsilesional ventral posterolateral
nucleus (VPL) of the thalamus and the primary and sec-
ondary somatosensory cortices (S1 and S2) was found to
have fewer fibers [29]. This connectivity persisted despite
thalamic lesions, suggesting a potential clinical effect of
r'TMS via this pathway [72]. Projections from VPL to S1/
S2 are lateral pathways of pain, and they particularly
communicate information about the position and inten-
sity of pain stimuli [14]. In addition, the CPSP condition
demonstrated greater functional connections within the
MD thalamus and the amygdala than the control condi-
tion [73]. The 5-Hz rTMS treatment of the ipsilesional pri-
mary motor cortex of CPSP primates increased their pain
threshold and caused a decrease in connectivity strength
between the MD thalamus and amygdala, which normal-
ized during rTMS stimulation. These findings indicate
that abnormal connectivity between the MD thalamus
and amygdala may contribute to CPSP following VPL
lesions and that rTMS therapy may reduce aberrant con-
nectivity, which may explain its therapeutic effect [29].

Although other cortical structures, like the dorsolateral
prefrontal cortex and S2, were also targeted, M1 is the
region most frequently linked to analgesic benefits [74].
There are three primary processes that may contribute
to the analgesic benefits of rTMS. Initially, rTMS might
make the cerebral cortex more excitable, resulting in
top-down stimulation and descending inhibition of the
brainstem [75]. Secondly, rTMS may stimulate the release
of neurotransmitters, including BDNF and nerve growth
factor [76]. Lastly, rTMS has the potential to stimulate
pain-related emotions and sensory control regions [77].

The analgesic effect of M1 stimulation on chronic pain
is thought to occur because of its anatomical and physi-
ological relationship with the structure of the neuro-
matrix of pain [78]. M1 is anatomically connected to the
S1 and S2, mid-cingulate cortex, thalamus, and PAG in a
reciprocal way [79]. M1-induced analgesia is caused by
two things. One is that the thalamus stops pain signals
from going up, and the other is that the PAG turns on
pain-blocking pathways that go down [80].

Reduced GABAergic neurotransmission in the CNS has
been identified in multiple clinical trials as the primary
cause of persistent neuropathic pain [81]. It is believed
that M1’s intracortical inhibition (ICI) reflects the activity
of the interneurons. ICI and intracortical facilitation (ICF)
may be indicators of GABAergic inhibitory interneurons,
particularly GABA function [82]. High-frequency rTMS
has been shown in prior research to raise ICI and ICE, and
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these changes are connected to pain alleviation in CPSP
[83]. Thus, rTMS may alleviate CPSP through the mecha-
nism of increasing GABAergic neuron transmission [71].

LTP and long-term depression (LTD) are the two main
ways that rTMS has an impact on brain plasticity [84].
LTD is thought to be a significant factor in long-term al-
terations in synapse strength following exposure to rTMS.
LTD causes a long-term decrease in synaptic strength,
whereas LTP results in an increase in synaptic strength
that can last for days, weeks, or months [71]. NMDA re-
ceptors may be connected to LTP and LTD induction.
When the cell membrane is depolarized, the NMDA re-
ceptor’s cationic channels—which are normally blocked
by magnesium ions—are opened up, allowing calcium
ions to enter the postsynaptic neuron and eventually
inducing LTP [85]. LTD also involves NMDA receptor ac-
tivation, although in a different way. LTD is brought on by
a steady, small inflow of calcium ions as opposed to LTP,
which is brought on by a sudden rise in postsynaptic cal-
cium ion content [71].

A neurotrophic factor that interacts closely with neural
plasticity and neuropathic pain, in addition to NMDA,
is BDNE. BDNF is a neurotrophin that is linked to pain
and plays a part in sustaining the dorsal root ganglion
neurons [86]. The dorsal root ganglion exhibits elevated
BDNF expression in a number of pain types, including
neuropathic pain. BDNF is delivered by the posterior
horn of the spinal cord and functions there as a neuro-
modulator in response to pain stimulus [87]. The analge-
sic effects of BDNF are brought on through serotonergic
and opiatergic pathways [88]. Patients with CPSP who
received 3 weeks of ITMS treatment saw a significant rise
in serum BDNF levels, according to Zhao et al. [74]. Fig. 2
depicts the rTMS’s workings in the management of CPSP
[74].

3) New evidence on rTMS in patients with CPSP

The effectiveness of rTMS treatment depends on the
choice of targeted areas of the cortex. rTMS is a noninva-
sive technique that stimulates specific cerebral cortex re-
gions by inducing electrical currents through coils placed
on the cranium [89]. M1 is a possible rTMS therapy target
for neuropathic pain. Multiple studies have demonstrated
that high-frequency (5-20 Hz) rTMS of the motor cortex
alleviates chronic pain. The majority of these studies’
findings centered on chronic pain syndromes like fibro-
myalgia, spinal cord injury, and mixed neuropathic pain
[90]. Some studies have involved homogenous patient
groups, particularly CPSP patients. The concept of CPSP
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Fig. 2. The repetitive transcranial magnetic stimulation (rTMS)
treatment mechanism in central post-stroke pain (CPSP). Sche-
matic illustration showing the mechanisms behind the use of
rTMS to treat CPSP includes increasing CBF, normalizing con-
nectivity between MD and amygdala, increasing neurotransmit-
ter release, altering neuronal plasticity, and modulating cortical
excitability. CBF: cerebral blood flow, MD: mediodorsal, BDNF:
brain-derived neurotrophic factor, NGF: nerve growth factor,
GABA: gamma-aminobutyric acid, NMDA: N-methyl-D-aspartate,
LTP: long-term potentiation, LTD: long-term depression, ICl: in-
tracortical inhibition, ICF: intracortical facilitation.

encompasses thalamic pain, which is typically resistant
to current pharmacological interventions [91].

rTMS is intended to induce analgesic benefits through
noninvasive cortical stimulation in patients with CPSP.
A magnetic coil stimulator is applied to the cranium and
stimulates a specific cortical region. Figure-eight coil-
based focused stimulation is required. In the excruciating
region, the stimulation intensity is given as a percentage
of the muscle’s motoric threshold when it is at rest. Stim-
ulation is administered just under the motor threshold
[78].

The impact of rTMS on the human brain cortex is cur-
rently being investigated in a number of neurophysiologi-
cal studies. Depending on the stimulation frequency,
these effects may range from inhibition to facilitation [92].
r'TMS at frequencies of 1 Hz or less can inhibit the motor
cortex’s excitability, whereas rTMS at frequencies above 5
Hz causes a transient increase in cortical excitability [93].
In controlling CPSP, it has been discovered that rTMS
with a frequency greater than 5 Hz is more effective than
low-frequency stimulation. This is because the aberrant
cortical excitability has been restored [94,95]. According
to a recent study, rTMS causes an increase in IHI from the
damaged hemisphere to the contralateral hemisphere,

which reduces pain [96]. As a result, high-frequency
r'TMS in the damaged hemisphere increases inhibition to
the unaffected hemisphere, restoring the cerebral cortex’s
excitability to normal and ultimately producing the pain-
relieving effect. Conversely, low-frequency rTMS in the
unaffected hemisphere may result in a reduction in the
inhibition of the affected hemisphere [71].

Migita et al. [97] published in 1995 that rTMS on M1
resulted in a 30% reduction in pain in two patients with
central pain, one of whom had CPSP. Several additional
investigations have shown the potentially positive effects
of rTMS in CPSP patients, although with variable results
[74,98,99]. In current research, Ojala et al. [100] looked
at how 10 sessions of 10 Hz stimulation in areas S2 and
M1 of CPSP patients affected their pain. A numeric rating
scale (NRS) was used to gauge the severity of the patients’
pain. Short-term analgesia was produced by targeted
stimulation of S2 and M1, but the results were no differ-
ent than those in the placebo group, demonstrating a
potent placebo effect [100]. Table 4 contains additional
in-depth research concerning the influence of rTMS on
CPSP [101-103].

Several studies that investigated the analgesic effect of
r'TMS on CPSP showed that multiple session interven-
tions and long intervention durations could make the
analgesic effects last longer than single sessions and
short intervention durations [71,104]. In the Lefaucher et
al. [105] study, a “real” 10 Hz rTMS session was observed
to result in a substantial decrease in daily VAS scores
from days 1 to 8 compared to sham stimulation. Days 9
through 12 didn’t show a significant difference between
the two procedures [105]. In the study by Ohn et al. [68]
with rTMS administration for 5 days in a row, VAS scores
decreased significantly after rTMS, then stabilized at 2
weeks after the procedure. Furthermore, Kobayashi et al’s
[94] study revealed a considerable decline in VAS scores
three weeks following the initiation of the rTMS treat-
ment. For 12 weeks, the rTMS session was repeated once
a week. The average VAS score reduction was roughly
30 points during the eighth or ninth week, and the rTMS
intervention was rated beneficial in 61.1% of patients,
overall, after three months of intervention for this effect,
which appeared to peak at that point [94].

A review of the post-stroke rehabilitation guidelines
reveals a limited discussion of neurostimulation therapy
in the CPSP, with no mention of TMS specifically. In 2007,
the European Federation of Neurological Societies is-
sued recommendations on neurostimulation therapy for
neuropathic pain. These include peripheral nerve stimu-
lation, spinal cord stimulation, DBS, epidural MCS, and
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r'TMS. According to this recommendation, there is mod-
erate evidence (level B) that high-frequency (5-20 Hz)
r'TMS targeting M1 with figure-eight coils can substan-
tially reduce pain in CPSP and other neuropathic pain
conditions. However, low-frequency (5 Hz) rTMS may not
be effective in treating the same pain conditions (level B)
[106].

4) Limitation of rTMS

TMS has been researched for more than 25 years in both
healthy volunteers and patients all over the world. Meta-
analyses evaluating TMS'’s overall safety and tolerability
have been conducted on side effects gathered in both
experimental and clinical settings [107]. The length of
the side effects seems to change concurrently with the
length of stimulation. Long-lasting negative outcomes
are brought on by prolonged stimulation [108]. The TMS
Safety Consensus Group of the International Federation
of Clinical Neurophysiology has formally published the
risks connected with TMS and complete safety protocol
standards [109]. The most common side effect of TMS, in
brief, is headache or neck pain. This side effect is thought
to be related to muscle tension brought on by repeated
muscle twitching, a tapping feeling on the skull, as well
as from wearing a snugly fitting helmet or headband. The
majority of the time, this discomfort subsides on its own
or with over-the-counter medications [61].

Seizure induction is a rare but dangerous major adverse
effect. Since Wassermann'’s initial safety recommenda-
tions were released in 1998, fewer than 20 occurrences of
TMS-induced seizures have been documented, and the
widely mentioned risk is lower than 1 in 1,000 [110]. The
risk is larger in those who are susceptible, such as people
who have epilepsy, but it is still only about 1%-2% [111].
There is no increased risk of epilepsy related with TMS-
induced seizures, which are regarded as provoked events.
Other infrequent side effects may include temporary
cognitive, mood, or neuropsychiatric symptoms, syncope
(due to anxiety or anticipation of TMS), and probable
hearing loss connected with TMS clicking sounds that
can be mitigated by using earplugs. The general conclu-
sion is that as long as safety requirements and recom-
mendations are followed, the chance of major side effects
is quite low [61].

CONCLUSIONS AND FUTURE
PERSPECTIVE

At this time, rTMS usage in CPSP is not clearly indicated.
We can, however, synthesize the indications for rTMS in
CPSP based on several previous studies. Patients with
CPSP for more than six months, individuals whose pain
remains uncontrolled despite the use of two or more
medications, and those with NRS or VAS > 5 fall into this
category. In addition, hemiparesis patients with manual
muscle testing scores between 3 and 5 (determined prior
to the rTMS procedure) are also potential candidates for
r'TMS treatment [68,69,91,100].

In general, rTMS is beneficial for alleviating pain tem-
porarily in cases like CPSP. However, further study is
required to ascertain the long-term effects of rTMS on
pain alleviation, especially for periods longer than three
months. There are presently available and necessary
more randomized controlled trials to confirm the ben-
eficial effects of rTMS on alleviating pain. In addition,
elements such as stimulation frequency, location, and
length of treatment may influence the outcomes of rITMS.
Consequently, it is essential to conduct additional stud-
ies with more samples and extended follow-up times to
ascertain the optimal rTMS treatment for CPSP.
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