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Abstract 
Vestibular Migraine (VM) is a common clinical neurological disorder charac-
terized by recurrent episodes of dizziness and headaches. It has a significant 
genetic predisposition and a high morbidity and disability rate, posing a seri-
ous burden on patients’ quality of life and social functioning. The clinical man-
ifestations of VM are diverse and may cause notable symptoms such as nausea 
and vomiting, phonophobia and photophobia, blurred vision, tinnitus, and a 
feeling of fullness in the ears. It can also lead to atypical comorbid symptoms 
such as anxiety, depression, loss of interest, cognitive decline, and insomnia, 
which are easily overlooked but profoundly affect the psychological health and 
long-term prognosis of patients. Currently, its pathological mechanisms are 
not completely understood, and the effectiveness of clinical drug treatments var-
ies, highlighting the urgent need for safer and more effective treatment meth-
ods. Repetitive Transcranial Magnetic Stimulation (rTMS), as a non-invasive 
neuromodulation technique, can precisely regulate neural circuit activity, im-
prove brain metabolism, and promote the integration of multisensory infor-
mation. It has been widely applied in the modulation of the nervous system. 
Several neurophysiological and clinical studies have shown that rTMS has po-
tential application value in the adjunctive treatment of VM. This article sys-
tematically reviews the pathological mechanisms of VM, the effects and ther-
apeutic potential of rTMS, analyzes the shortcomings and limitations present 
in the current research phase, and looks forward to future development direc-
tions, aiming to provide a theoretical basis and practical reference for the clin-
ical diagnosis and treatment of VM. 
 

Keywords 
Vestibular Migraine, Repetitive Transcranial Magnetic Stimulation, 

How to cite this paper: Wang, J.L., Zhang, 
L., Yang, T., Liu, X. and Wang, Y. (2025) 
Exploring the Efficacy of Repetitive Tran-
scranial Magnetic Stimulation in Treating 
Vestibular Migraine and Its Clinical Pro-
spects. Journal of Biosciences and Medi-
cines, 13, 36-48. 
https://doi.org/10.4236/jbm.2025.1312004 
 
Received: November 4, 2025 
Accepted: November 29, 2025 
Published: December 2, 2025 
 
Copyright © 2025 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2025.1312004
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/jbm.2025.1312004
http://creativecommons.org/licenses/by/4.0/


J. L. Wang et al. 
 

 

DOI: 10.4236/jbm.2025.1312004 37 Journal of Biosciences and Medicines 
 

Pathological Mechanism, Treatment Progress 

 

1. Introduction 

Vestibular Migraine (VM) is a common type of disorder in neurology and is an 
important subtype of migraine [1]. Its etiology is complex, and its clinical mani-
festations are diverse. The main symptoms include long-term recurrent episodes 
of dizziness and migraine. The dizziness symptoms are particularly prominent, 
characterized by frequent occurrences and longer duration [2]. It has become the 
second most common cause of recurrent dizziness after Benign Paroxysmal Posi-
tional Vertigo (BPPV) [3]. Migraine, as another core symptom, varies in severity, 
presenting as moderate to severe pulsating pain or merely as episodic mild head-
aches [4]. In addition to the core symptoms mentioned above, VM may also be 
accompanied by phonophobia, photophobia, blurred vision, cognitive dysfunc-
tion, anxiety, depression, and sleep disturbances [5] [6]. According to epidemio-
logical survey data, the lifetime prevalence of VM is approximately 1%, with an 
annual incidence rate of 0.9% [2]. The frequent episodes of VM severely affect 
patients’ daily living abilities and quality of life, exacerbating their economic bur-
den. Currently, the treatment of VM still primarily relies on medication. Com-
monly used medications include non-steroidal anti-inflammatory drugs, triptans, 
and ergotamine for acute pain relief, as well as beta-blockers, antiepileptic drugs, 
and calcium channel blockers for preventive treatment. However, long-term med-
ication use can easily lead to drug resistance, and excessive use of acute pain relief 
medications may trigger medication overuse headache, thus increasing the fre-
quency and intensity of attacks [7]. Some patients may develop a certain resistance 
to medication treatment, leading to poor compliance, which severely affects dis-
ease control effectiveness. Due to the various limitations of pharmacological treat-
ment, non-pharmacological intervention strategies have gradually gained atten-
tion in recent years and have become an important research direction in the man-
agement of VM. 

Transcranial Magnetic Stimulation (TMS) is a non-invasive neuromodulation 
technique that was first proposed by Barker et al. in 1985 [8] [9]. This technique 
regulates the excitability and synaptic plasticity of cortical and subcortical neurons 
by applying magnetic field pulses to specific areas of the brain, thereby further 
influencing the functional connectivity of neural circuits at the whole-brain level 
[10] [11]. Depending on the stimulation pattern, TMS can be classified into single-
pulse TMS (sTMS), paired-pulse TMS (dTMS), and repetitive TMS (rTMS) [12]. 
Currently, rTMS is relatively widely used in treatment, and it can be divided into 
low-frequency and high-frequency types based on the differences in stimulation 
frequency. Low-frequency rTMS reduces the excitability of the stimulated area 
through Long-Term Depression (LTD) [13] [14]; high-frequency rTMS directly 
excites the cortical center through Long-Term Potentiation (LTP), enhancing the 
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efficiency of neural signal transmission [15] [16]. The rTMS technique has ad-
vantages such as being non-invasive, well-tolerated, and having lower treatment 
costs, demonstrating good safety and patient acceptance in clinical applications 
[10]. Nevertheless, as a clinical tool, rTMS still requires attention to its overall 
safety. Common side effects include mild headaches, scalp discomfort, or brief 
dizziness, which are mostly temporary and self-relieving; serious adverse events 
such as seizures are relatively rare. Major contraindications involve intracranial 
metal implants, uncontrolled epilepsy history, implanted electronic medical de-
vices, and special conditions such as pregnancy, necessitating strict evaluation of 
individual patient risks before clinical application. In addition to rTMS, other non-
invasive neuromodulation techniques, such as transcranial Direct Current Stimu-
lation (tDCS) and non-invasive Vagus Nerve Stimulation (nVNS), have also gained 
attention. tDCS modulates cortical excitability through weak currents, is easy to 
operate but has lower spatial resolution; nVNS affects brainstem and cortical net-
works by stimulating the vagus nerve and is often used for acute intervention in 
migraines. In contrast, rTMS, with its higher spatial localization accuracy and 
ability to directly induce neural plasticity, shows unique potential in mechanism 
research and long-term treatment. In recent years, with the deepening of neuro-
modulation concepts, the potential of rTMS in the treatment of VM has gradually 
gained attention. This article aims to clarify the potential mechanisms of rTMS 
intervention in VM, hoping to provide theoretical references and treatment ideas 
for research and clinical work in related fields. 

2. The Mechanism of Repetitive Transcranial Magnetic 
Stimulation in the Treatment of Vestibular Migraine 

Patients with VM exhibit multidimensional abnormalities in brain function and 
metabolism, and rTMS has been shown to have significant efficacy in alleviating 
VM symptoms. However, there is currently no consensus on the specific mecha-
nisms by which rTMS treats VM. The prevailing theories include the trigeminal 
theory, cortical inhibition diffusion theory, ion channel theory, neurotransmitter 
theory, and central signal integration abnormality theory, among others [17]. The 
pathogenesis of VM is a complex multi-stage process involving pain coding, con-
duction, central processing and regulation, as well as vestibular and sensory infor-
mation integration dysfunction [18]. Below, based on different theories and com-
bined with experimental and clinical evidence from scholars around the world in 
recent years, the potential mechanistic pathways of rTMS in the intervention of 
VM will be discussed one by one. 

2.1. rTMS Modulates Trigeminal Nerve Function 

The trigeminal nerve, as one of the 12 pairs of cranial nerves, primarily regulates 
sensation in the oral, nasal, and facial regions, and innervates the masticatory 
muscles [19]. When the branches of the trigeminal nerve are abnormally activated, 
electric shock-like, knife-like, or tearing pain often occurs, a characteristic also 
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commonly seen during vestibular migraine attacks. During VM attacks, the affer-
ent pathways of the trigeminal nerve are abnormally activated and sensitized, 
prompting depolarization of neurons and subsequently causing abnormal excita-
tion [20]. It is noteworthy that there is a close bidirectional connection between 
the trigeminal nerve and the vestibular system: its fibers project to the vestibular 
nuclei, participating in the integration and processing of balance information [21]. 
On one hand, excessive excitation of the trigeminal nerve can trigger a neurogenic 
inflammatory response, leading to intense dilation and increased permeability of 
the meninges and inner ear microvessels, causing local tissue edema and micro-
circulation disorders. This pathological change not only impairs local microcircu-
lation but also disrupts the balance of endolymph production and absorption, in-
ducing endolymphatic hydrops (membranous labyrinth edema). At the same 
time, the cochlea and vestibular organs fall into an ischemic state, resulting in ab-
normal discharges. Ultimately, erroneous vestibular balance signals are transmit-
ted to the central nervous system, leading to symptoms of vestibular dysfunction 
such as vertigo and balance disorders. On the other hand, the ascending projec-
tion pathways of the trigeminal nerve include pain control centers such as the 
medullary ventromedial nucleus, periaqueductal gray matter in the midbrain, lo-
cus coeruleus, and raphe nuclei [22]. Once these structures are activated, they may 
disrupt central inhibitory functions, causing changes in the concentration of key 
neurotransmitters such as norepinephrine and serotonin (5-HT), which in turn 
lead to abnormal transmission of pain signals, resulting in pain sensitization and 
excessive amplification of pain signals [21]. Multiple studies have confirmed that 
trigeminal nerve-mediated vestibular symptoms and migraine attacks are closely 
related to fluctuations in cortical excitability. 

In recent years, rTMS has shown significant potential in the treatment of VM 
neural regulation. The pathological process of VM is closely related to the dys-
function of the trigeminal-vestibular system. rTMS can exert multi-level interven-
tion effects on this pathway by modulating cortical excitability. This mechanism 
is believed to be closely related to the overall modulatory effect of rTMS on neural 
networks [23]. Scholars like Jayantee Kalita et al. applied high-frequency rTMS to 
the left dorsolateral prefrontal cortex as the target area. The study explored the 
effects of this intervention on sound phobia symptoms and Brainstem Auditory 
Evoked Potentials (BAEP) in patients with migraines. It was found that rTMS sig-
nificantly reduced the frequency of headache attacks, Visual Analog Scale (VAS) 
scores, and the degree of sound fear by indirectly inhibiting the abnormal activa-
tion of the trigeminal vascular system through modulating cortical excitability. This 
result suggests that high-frequency rTMS may improve various clinical symptoms 
caused by the over-excitation of the trigeminal nerve by regulating the motor cor-
tex and brainstem neural pathways [24]. Another case study by Sascha Freigang 
et al., which used neuro-navigation technology to accurately locate the left pri-
mary Motor Cortex (M1) hand and facial representation areas, showed that a pa-
tient with refractory trigeminal neuralgia who had recurrent pain after microvas-
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cular decompression achieved significant and lasting pain relief after long-term 
rTMS treatment. With symptom improvement, the patient gradually reduced and 
eventually discontinued the use of antiepileptic medications such as oxcarbaze-
pine and pregabalin, demonstrating that rTMS treatment not only alleviated symp-
toms but also potentially reduced reliance on traditional medications [25]. In sum-
mary, rTMS, by modulating the function of the trigeminal-vestibular pathway, is 
expected to become a new strategy for treating VM. Particularly in regulating cor-
tical excitability and improving central sensitization, rTMS shows unique ad-
vantages, but further research with larger samples is still needed to validate its 
extensive application value. 

2.2. Application of rTMS in Cortical Inhibition Diffusion 

Cortical Spreading Depression (CSD) theory was first proposed by Leao in the 
1940s through extensive experimental research. This mechanism is now widely 
recognized as the core initiating link of the neurological symptoms of VM, partic-
ularly the aura phenomena. The characteristic of CSD is a slowly propagating de-
polarization wave that spreads over seconds to minutes among neurons and glial 
cells in the cerebral cortex [26]. This depolarization process disrupts the ionic ho-
meostasis of the cell membrane, leading to a sharp increase in intracellular cal-
cium ion concentration, which activates multiple intracellular signaling pathways, 
ultimately causing neurons to enter a state of sustained inhibition [27]. If this in-
hibition process spreads to the visual and somatosensory cortical areas such as the 
occipital and parietal lobes, it may manifest as typical visual auras; when it further 
affects vestibular-related cortical areas or brainstem vestibular nuclei such as the 
posterior insula and temporoparietal junction, it may induce dizziness and other 
vestibular symptoms. When the extracellular local potassium ion concentration 
increases, it promotes calcium ion influx, forming a positive feedback loop that 
exacerbates vestibular dysfunction. Meanwhile, the inhibition of cortical synaptic 
activity that accompanies depolarization can cause significant changes in cerebral 
blood flow, leading to a protective increase in blood flow in the short term, but 
sustained inhibition may result in insufficient perfusion and ischemia of local 
brain tissue [26]. This rapid change in blood flow participates in the onset process 
of migraines by triggering rapid vascular dilation and constriction responses. 

Research has found that high-frequency rTMS can reduce the occurrence of 
CSD by increasing the threshold of the cerebral cortex to CSD. Low-frequency 
rTMS, on the other hand, reduces the propagation of CSD by inhibiting the ab-
normally excited neuronal network. Babak Khodaie and others found that in a 
potassium chloride-induced CSD rat model, after rTMS intervention, the volume 
of normal neurons in the hippocampal dentate gyrus, somatosensory cortex, and 
entorhinal cortex significantly increased, while the number of apoptotic neurons 
and dark neurons significantly decreased. This indicates that rTMS not only alle-
viates cell damage caused by depolarization by regulating ionic homeostasis but 
also enhances neural plasticity, improving the brain’s tolerance and repair capac-
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ity against CSD. During the propagation of CSD, a large amount of ion transmem-
brane flow occurs, requiring significant ATP consumption to restore membrane 
potential; this energy supply-demand imbalance may lead to transient energy ex-
haustion and abnormal glucose metabolism. rTMS regulates neuronal excitability 
through multiple pathways, improves cerebral blood flow and energy metabolism 
status, and effectively inhibits the initiation and propagation of CSD [28]. Another 
clinical study applied high-frequency rTMS to the left dorsolateral prefrontal cor-
tex (DLPFC) of chronic migraine patients and found that DLPFC activation not 
only negatively regulates the central spinal pain pathways, inhibiting pain percep-
tion, but also promotes changes in neural plasticity, enhancing functional connec-
tivity between motor-related brain regions. Its regulatory effect spreads to broader 
cortical areas through complex neural networks such as the default mode network 
and the salience network, ultimately achieving an overall optimization of cortical 
inhibitory functions [29]. Based on existing evidence, although there is no direct 
research confirming the clear efficacy of rTMS on VM, its multiple mechanisms, 
such as balancing cortical excitatory-inhibitory levels, optimizing brain energy 
metabolism, and enhancing neural plasticity, have demonstrated significant ef-
fects in CSD regulation. Considering that CSD is an important pathological and 
physiological basis for VM, rTMS is expected to become a new neuromodulation 
strategy for the treatment of VM by regulating vestibular-cortical interactions. 

2.3. rTMS Regulates the Function of Ion Channels 

Transient Receptor Potential (TRP) channels are a class of ligand-gated cation 
channels extensively expressed on cell membranes. They can respond to various 
chemical and physical stimuli, playing a crucial role in pain signal transduction 
and neural regulation. Research indicates that abnormal activation of these chan-
nels is closely related to neuropathic pain associated with various neurological 
disorders. Upon activation, TRP channels can mediate the influx of calcium and 
sodium ions, as well as the efflux of potassium ions, and this ionic dynamic change 
constitutes an important pathological basis for VM [30]. Intracellular calcium 
overload can trigger the release of neuropeptides and disrupt vasodilatory func-
tions, thereby participating in the onset of migraines [31]. Continuous influx of 
sodium ions leads to abnormal increases in neuronal excitability. This not only 
activates the trigeminal ganglion and its terminals but also promotes the release 
of inflammatory mediators such as Substance P (SP) and Calcitonin Gene-Related 
Peptide (CGRP), triggering neurogenic inflammation and further exacerbating 
headache. Meanwhile, the imbalance between sodium and calcium ions results in 
elevated extracellular potassium ion concentrations, which are crucial for main-
taining inner ear vestibular function. The increase in extracellular potassium con-
centration caused by ionic imbalance can lead to abnormal depolarization of hair 
cells, resulting in vestibular symptoms such as dizziness and balance disorders. At 
the same time, the sharp changes in sodium ion concentration can lower the ac-
tion potential threshold of neurons, causing excessive excitation of the trigeminal 
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nucleus and vestibular nucleus, thereby worsening vestibular dysfunction. 
rTMS stimulation demonstrates a multi-layered regulatory capacity. The in-

duced electric field can influence and alter the cell membrane potential, thereby 
regulating the opening state and activity of ion channels. This gradually restores 
the physiological balance of ion concentrations inside and outside the cells, ulti-
mately affecting a series of neural activities in the brain. In 2023, Zhu Haijun et al. 
applied high-frequency rTMS to the dentate gyrus granule cells of mouse hippo-
campal slices and recorded using whole-cell patch clamp techniques. They found 
that rTMS significantly altered the current dynamics and voltage dependence of 
Voltage-Gated Sodium Channels (VGSCs) and potassium channels (Kv): on one 
hand, it enhanced VGSC activity, causing them to open at lower membrane po-
tentials, delay closing, and accelerate the recovery from inactivation, thus promot-
ing sodium ion influx; on the other hand, it inhibited the peak Kv current, delay-
ing potassium ion efflux and increasing intracellular potassium ion concentration. 
This bidirectional synergistic regulation of sodium and potassium ion channels 
comprehensively enhances neuronal excitability, revealing the intrinsic mecha-
nism by which rTMS regulates neural function at the ion channel level [32]. 
Wentao Hou’s research on mice also confirmed that rTMS can enhance sodium 
currents and inhibit potassium efflux, significantly improving neuronal stability. 
VM patients exhibit imbalances in ionic homeostasis and abnormal neuronal ex-
citability. Based on this pathological feature, rTMS, through precise regulation of 
sodium and potassium ion channels, is expected to restore normal electrical ac-
tivity in neurons [33]. Overall, these findings provide important experimental ev-
idence for rTMS treatment of VM, and its clinical application value can be further 
explored in the future. 

2.4. rTMS Regulation of Neurotransmitters 

Neurotransmitters are a class of key chemical messengers in the nervous system. 
They are released by neurons and act on specific receptors on the postsynaptic 
membrane, completing the process of information transmission by activating or 
inhibiting subsequent neuronal activity [34]. During the pathogenesis of VM, var-
ious neurotransmitters are involved in the regulatory process, including Sub-
stance P (SP), Neuropeptide Y (NPY), Norepinephrine (NE), Gamma-Aminobu-
tyric Acid (GABA), Glutamate (Glu), Dopamine (DA), Calcitonin Gene-Related 
Peptide (CGRP), and serotonin (5-HT). During VM attacks, abnormal neuronal 
excitability leads to the massive release of multiple neurotransmitters, which in 
turn causes significant vasodilation, increased vascular permeability, and plasma 
protein extravasation, triggering neurogenic inflammation. This inflammatory re-
sponse can lead to the sensitization of peripheral nociceptors, resulting in severe 
headaches. Additionally, the continuous release of neuropeptides such as CGRP 
and SP promotes mast cell degranulation, releasing histamine, proteases, and 
other inflammatory mediators, further exacerbating local inflammation and vas-
odilation, leading to recurrent and progressively worsening pain. On the other 
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hand, the frequent and irregular vasoconstriction and vasodilation of blood ves-
sels can affect the microcirculation of the inner ear, causing blood flow disturb-
ances and inadequate tissue perfusion, resulting in local ischemia and hypoxia, 
which disrupts the homeostasis of the internal environment. This series of patho-
logical changes ultimately impairs the function of the vestibular end organs, in-
ducing vestibular symptoms. 

rTMS induces the generation of induced currents by applying varying magnetic 
fields to the cerebral cortex. When the intensity of this current exceeds the activa-
tion threshold of neurons, it triggers axonal depolarization and action potentials, 
regulating the release of neurotransmitters at synapses, thus intervening in the 
pathological processes of VM. Tetsurou Ikeda et al. found that by stimulating the 
cerebellum and brainstem areas of mice and combining gene expression microar-
ray analysis, rTMS can significantly regulate the mRNA expression of various neu-
rotransmitter-related transport proteins, including upregulating the glutamate 
transporter gene Slc17a6, inhibiting the GABA transporter Slc32a1, and selec-
tively regulating members of the glycine transporter family, indicating that rTMS 
has the ability to regulate neurotransmitter metabolism across multiple systems 
[35]. Research by Wang Xiaonan et al. on depressive behavior in mice shows that 
rTMS can upregulate the expression of the glutamate transporter GLT-1 in astro-
cytes, reducing extracellular glutamate concentrations, thereby improving cell 
apoptosis and synaptic plasticity damage caused by it. This effect not only exerts 
an antidepressant effect but also enhances pain tolerance [36]. Furthermore, after 
applying rTMS to the contralateral parietal cortex, Raffaele Nardone et al. found 
a significant increase in serum β-endorphin levels in patients, suggesting that the 
endogenous analgesic system is activated [37]. These results indicate that rTMS 
can regulate neurochemical balance through a multi-neurotransmitter, multi-tar-
get mechanism, providing an experimental and theoretical basis for clinical treat-
ment of VM and related symptoms. Based on the neurotransmitter disorders in-
volved in VM, rTMS is expected to restore network stability by regulating the 
aforementioned neurotransmitter systems, thus alleviating the occurrence of diz-
ziness and headaches. 

2.5. Regulation of rTMS on Abnormal Central Signal Integration 

Abnormal central signal integration refers to functional disturbances in the cen-
tral nervous system, particularly in the cerebral cortex and related neural net-
works. This abnormality affects the processing and integration of multisource sen-
sory information, manifesting as signal transmission distortion, processing delays, 
or regulatory imbalances. These signals include somatic pain, balance from the 
inner ear, auditory signals from the cochlea, and visual signals from the retina. It 
is currently believed that the key neural structures involved in the abnormal cen-
tral signal integration in VM patients include the trigeminal nucleus, vestibular 
nuclei, and brainstem modulation networks (such as the raphe nuclei and locus 
coeruleus). Additionally, the thalamic multisensory integration areas, occipital 
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visual cortex, and vestibular cortical areas such as the insula and parietal opercu-
lum are also involved. The generation of vestibular symptoms relies both on the 
conversion of mechanical stimuli by peripheral vestibular receptors and on the 
stepwise processing of signals by the central system. The vestibular nuclei initially 
perform preliminary integration of bilateral afferent signals, which are then pro-
jected upward to the cerebellum, brainstem, and thalamus, eventually transmit-
ting to multiple brain regions including the vestibular cortex located in the parie-
tal operculum [38]. We found significant anatomical overlap between the vestib-
ular system and the migraine-associated neural circuits, which jointly involve crit-
ical nodes such as the trigeminal nucleus, brainstem modulation system, and 
thalamocortical pathways. This high correlation between structure and function 
allows the onset of VM to be viewed as a result of abnormal interactions and in-
tegration dysfunction between vestibular signaling pathways and migraine path-
ways at multiple central nodes. 

rTMS achieves precise intervention on the neural activity of specific brain re-
gions through the accurate adjustment of stimulation frequency, intensity, and 
target areas. Its potential in treating VM primarily stems from its regulatory ef-
fects on key nodes such as the vestibular-cortex pathway and thalamocortical 
loop. In a study on patients with fibromyalgia syndrome, Laura Ackermann et al. 
applied rTMS to the left dorsolateral prefrontal cortex and found a significant in-
crease in gray matter volume in that area, improved white matter microstructural 
integrity, and enhanced transmission of inhibitory neurotransmitters. Diffusion 
tensor imaging further demonstrated that the integrity of white matter fiber bun-
dles connecting the right cingulate gyrus, pontine-cerebellar fibers (a component 
of the cerebellar middle peduncle), as well as the frontal, temporal, and occipital 
lobes was also enhanced [39]. Another study conducted by Can Luo et al. on rats 
indicated that rTMS could effectively improve white matter damage after cerebral 
ischemia, promote myelin repair, and enhance trans-cortical network connectiv-
ity. These results indirectly reflect the potential regulatory effects of rTMS on ab-
normal central signal integration [40]. Although the direct mechanisms by which 
rTMS modulates central signal integration in VM patients are not yet fully under-
stood, the aforementioned findings support its therapeutic effects. This can be re-
alized through multiple mechanisms such as regulating neuroplasticity, restoring 
network balance, and improving white matter integrity, showcasing a promising 
application prospect. Although the direct mechanisms by which rTMS regulates 
central signal integration in VM patients remain unclear, existing evidence sup-
ports its role through multiple mechanisms, possibly by modulating neural plas-
ticity, restoring network balance, and improving white matter integrity, especially 
targeting key nodes such as the left DLPFC and the insular cortex. rTMS is ex-
pected to correct the sensory information processing disorder caused by abnormal 
central signal integration, thereby providing new directions for the treatment of 
VM and showing promising application prospects. 

In summary, rTMS acts synergistically through multiple mechanisms in the 
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treatment of VM, with these mechanisms closely intertwined and mutually rein-
forcing in the pathophysiology of VM. Abnormal trigeminal nerve function can 
trigger CSD, and the imbalance of ion homeostasis during CSD exacerbates the 
disordered release of neurotransmitters, such as the abnormality of CGRP, leading 
to dysregulation of central signal integration. Overall, rTMS intervenes in the vi-
cious cycle of VM at multiple levels, from peripheral to central, by regulating cor-
tical excitability, stabilizing ion channels, balancing neurotransmitters, and en-
hancing neural plasticity, effectively alleviating dizziness and pain symptoms, and 
demonstrating its potential as an innovative therapeutic strategy. Future research 
needs to further explore the dynamic interactions of these mechanisms to opti-
mize clinical applications. 

3. Summary and Outlook 

Despite extensive research by scholars worldwide on the neurobiological mecha-
nisms of VM, there is still a lack of a unified treatment plan in clinical practice. 
Although conventional pharmacological treatments are effective for some pa-
tients, there is significant individual variability in efficacy. Adverse reactions, of-
ten accompanied by drowsiness, fatigue, and cognitive decline, severely affect pa-
tients’ long-term adherence to treatment and quality of life. Moreover, for special 
populations such as children and pregnant women, the choice of suitable medica-
tions is even more limited. The rTMS technology, with its ability to precisely mod-
ulate specific neural circuits, shows promising potential in alleviating VM-related 
dizziness, vertigo, and accompanying mood disorders. Existing evidence indicates 
that rTMS can exert therapeutic effects by modulating brain network connectivity 
and neuroplasticity, particularly for patients who are ineffective or intolerant to 
traditional pharmacological treatments. However, research on rTMS in VM is still 
limited. Currently, rTMS treatment for VM faces challenges such as borrowing 
stimulation parameters from other diseases, lacking specific target localization 
based on VM neuropathological characteristics, small sample sizes, short follow-
up periods, and the absence of multicenter randomized controlled trial support. 
Future research needs to investigate the optimal treatment parameters for rTMS 
in VM patients and conduct multicenter, large-sample randomized controlled tri-
als. Additionally, it is essential to gain a deeper understanding of how individual 
differences, such as age, gender, neurochemical indicators, and brain network 
characteristics, affect the efficacy of rTMS, to promote the development of per-
sonalized treatment strategies. At the mechanistic level, further studies should ex-
plore the impact of rTMS on the reorganization of the vestibular system neural 
networks and neurotransmitter balance, providing a solid theoretical foundation 
for its clinical application. In summary, rTMS has demonstrated significant po-
tential as an adjunctive treatment method for VM. With the continuous accumu-
lation of clinical research, there is hope for utilizing rTMS to adjust stimulation 
frequency and sites based on the different symptoms of VM patients, achieving 
personalized precision treatment and offering patients safer and more effective 
non-pharmacological therapy options. 
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