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REVIEW

A new era of current and future treatment 
applications of transcranial magnetic 
stimulation
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Abstract 

Background  Transcranial magnetic stimulation (TMS) equipment has advanced dramatically over the years thanks 
to considerable advancements in signal motors, coils, placement devices, and modeling, optimization, and treatment 
scheduling programs. In this review, a primary assessment of the impact of transcranial magnetic stimulation (TMS) 
on seizure course in people with and without epilepsy has been done through search in the Embase, PubMed, Sco-
pus, and Web of Science databases. Other proposed roles of TMS in various studies has been reported. The features 
of TMS protocols for several potential disorders was assessed and the key TMS findings has been documented starting 
from 1985 until 2023.

Results  More than 500 papers were found that describe various research populations, TMS techniques, and TMS 
functions in 16 various medical conditions.

Conclusion  After reviewing recent updates in TMS, further researches are needed to improve the technical part 
of the used TMS protocols and to have definitive results not experimental one with regard to TMS usage in various 
psychiatric and neurological disorders.
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Background
In 1819, Hans Christian Oersted made the discovery that 
a wire carrying an electrical current may also generate a 
magnetic field. In contemporary studies, Baker and col-
leagues’ idea from 1985 was the initial study to suggest 
employing a magnetic field to activate the brain [1]. Fol-
lowing their limited success in that area, they continued 
to work on electric brain stimulation, but this time they 
used magnetic induction to generate the electricity. This 
led to the creation of the first formal proposal for a device 
that generated a magnetic field to cause physiological 

responses in the brain [2]. Other research has supple-
mented that initial suggestion by modifying the coils, 
enhancing the forms, or suggesting intricate patterns for 
certain uses [3, 4].

After Barker and colleagues article, a commonly used 
coil in the shape of an eight (now known as a figure-of-
eight coil, or FoE coil) was successfully employed [3], and 
it was soon used to generate motor-evoked potentials 
(MEPs) and perform functional brain mapping (FBM). 
Due to the pain that TES [2] caused in conscious peo-
ple, it was not possible for researchers to completely 
understand the localization of motor zones in the brain 
until they developed this novel design and application. 
The near-zero pain of TMS, however, was beneficial for 
a larger range of applications, with FBM [3, 5, 6] and 
assessing the perioperative spinal cord performance by 
MEP production [2] being two of the most significant. 
This field of inquiry has expanded recently to include 
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using TMS for monitoring celiac patients and meas-
ure neuroplasticity for specific illnesses [7–9], as well 
as using TMS as a diagnostic tool to investigate central 
motor neural networks [10, 11]. The early TMS research-
ers employed this method to identify the cortical areas 
that housed the motor pathways [3, 5, 6]. Indeed, using 
this method, the majority motor areas of the brain were 
found.

When this technique was first used for brain therapy, 
questions arose regarding the TMS repeating pulses 
impact on the brain and possible benefits for therapy. Ini-
tially, TMS tools for brain mapping needed brief but cru-
cial recovery intervals before generating the next pulse. 
While repeated TMS (rTMS), which was suggested for 
the management of a wide range of health issues [12–16] 
was intended for therapeutic TMS, quicker devices with 
reduced rehabilitation periods were. Theta-burst stimu-
lation (TBS), a different type of TMS, has recently been 
shown to be equally effective as “classical” TMS but 
requiring fewer treatment sessions [17, 18] for fostering 
neuroplastic effects in people with brain illnesses and 
injuries. According to certain investigations, the effects of 
TBS might linger for up to hours [19] producing a sub-
stantial suppression of cortical excitability owing to alter-
ations in synaptic transmission that resemble long-term 
depression [20, 21]. After one-time and repeated TBS 
treatments, behavioral and structural neuroplasticity 
have both been seen [22, 23].

Main text
The use of transcranial magnetic stimulation (TMS), 
which enables the direct activation of human neocorti-
cal neurons and has shown to be essential for causative 
testing of hypotheses in cognitive neuroscience, can be 
beneficial for treating a range of clinical disorders. Mul-
tiple studies have shown the promise of this non-invasive 
brain stimulation technology to explore physiological 
pathways and regain brain function [24].

The motor cortex of the appropriate muscle (in the 
hand or foot) is covered by the TMS coil. While adminis-
tering single TMS pulses, the coil’s position and orienta-
tion are changed until the ideal location on the head for 
stimulating the motor cortex is localized and the rMT is 
established. The rMT is the lowest stimulator power out-
put necessary to enhance motor response [25].

The role of repetitive transcranial magnetic stimulation 
(TMS) in multiple psychiatric and neurological problems 
are briefly discussed in this review some as following:

Alzheimer disease (possible therapeutic purpose)
A new non-invasive therapeutic approach in the fight 
against Alzheimer disease is repetitive transcranial mag-
netic stimulation (rTMS). The default mode network, for 

which the precuneus is a critical node, is substantially 
altered in patients having Alzheimer disease. A study 
which has been done on fifty patients of mean age of 73 
years for 24 weeks reported that precuneus rTMS may 
help delay the cognitive and functional loss associated 
with Alzheimer disease where Clinical Dementia Rating 
Scale-Sum of Boxes scores for patients who received pre-
cuneus repeated magnetic stimulation remained steady, 
whereas scores for patients who received sham treatment 
worsened. Patients in the precuneus stimulation group 
also performed significantly better on the Mini-Mental 
State Examination, the Activities of Daily Living scale 
from the Alzheimer Disease Cooperative Study, and the 
Alzheimer Disease Assessment Scale-Cognitive Subscale, 
compared to those in the sham stimulation group [26]. A 
unique therapy strategy for people with Alzheimer dis-
ease may use repetitive TMS targeting the default mode 
network [27].

Depression
For major resistant depression (therapeutic purpose)
Treatment-resistant depression (TRD) can be success-
fully treated with repetitive transcranial magnetic stim-
ulation (rTMS), which has been given FDA approval. 
However, there is not much data to support the need for 
maintenance protocols. The majority of studies showed 
a substantial reduction in relapse risk with maintenance 
protocols, indicating that providing two or fewer stimu-
lations per month is inefficient in maintaining an anti-
depressant effect or in lowering the risk of relapse in 
responder patients. Five months following the end of the 
acute therapy was when the risk of recurrence was at its 
highest. To preserve the effects of acute antidepressant 
therapy, maintenance TMS looks to be a clever method, 
considerably lowering the likelihood of relapse. When 
assessing the potential use of management TMS pro-
tocols, it is important to take into account how simple 
they are to administer and how easy it is to track patient 
adherence Additional research is required to determine 
the therapeutic significance of acute TMS effects that 
coincide with repair protocols and to assess the efficiency 
of these procedures over the long run [28].

Bipolar depression (possible therapeutic purpose)
One to two percent of the world’s population is affected 
by bipolar disorder (BD), which has a high prevalence of 
functional impairment. The majority of patients with BD 
experience depressive episodes, and up to one-third of 
them do not react to medication dosages that are appro-
priate. Although there is no universally accepted diagno-
sis of treatment-resistant bipolar depression (TRBD), a 
common characteristic of TRBD is the failure of symp-
tom improvement despite an appropriate trial of two 
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therapeutic medications. TRBD has been studied with a 
number of medicinal substances. Along with scant infor-
mation on racemic intravenous ketamine, adjunctive 
pramipexole and modafinil have studies demonstrating 
short-term effectiveness in TRBD. Patients with insulin 
resistance who received metformin therapy and celecoxib 
augmentation of escitalopram exhibited encouraging 
outcomes. When compared to medicine, right unilateral 
electroconvulsive treatment showed a statistically sig-
nificant degree of response and enhancement, but not 
remission. In conclusive data about TMS for its possi-
ble therapeutic effect, transcranial magnetic stimulation 
(TMS) trials have not been able to distinguish themselves 
from sham therapy in TRBD. There is little effectiveness 
data available for the available TRBD therapy methods. 
For TRBD to be successfully treated, more research is 
required. Innovative treatment modalities and success-
ful therapies are being researched and may hold promise 
[29].

Depression with a seizure disorder (possible therapeutic 
purpose)
As iTBS has a 0.02% risk for inducing seizures, the rate 
of seizure induction in individuals without a seizure dis-
ease is rather low. These epileptic episodes are often self-
contained and do not result in the emergence of a new 
seizure disease. Precautions must be taken while treating 
people who already have a seizure problem. Although 
these individuals have a slightly higher risk of rTMS-
induced seizures, it is still very low. Only a 2- to 3-percent 
risk of seizures is reported in the literature for epilepsy 
patients receiving rTMS. Patients who were taking drugs 
that decreased the seizure threshold accounted for the 
majority of reported incidents of seizures. Safety recom-
mendations also advise against using high frequency (> 1 
Hz) rTMS stimulation on individuals with seizure disor-
ders in order to avoid inducing seizures. High-frequency 
rTMS and iTBS for individuals with seizure disorders still 
require additional research [30].

In adolescent depression (possible therapeutic purpose)
Random-effects models were used to combine the data 
from the relevant studies after a thorough literature 
search. Individual-patient data (IPD) exploratory analy-
sis looked at interactions between the treatment and the 
covariates. To date, there is no data suggestive of pos-
sible therapeutic effect of TMS. Only one large-scale 
randomized experiment has found TMS to be no more 
beneficial than sham stimulation, and the two pub-
lished randomized controlled studies on TMS in teen-
age depression are both small-scale. Future randomized, 
sham-controlled studies should be conducted on a wide 
scale. Future studies should guarantee proper patient 

selection for TMS therapy and direct precision medicine 
strategies for stimulation regimes [31].

Possible therapeutic approach of major depressive disorder 
by accelerated TMS protocols
The FDA-approved procedures for TMS to treat major 
depressive disorder (MDD) are broadly supported by the 
available literature, which typically demonstrates com-
parable effectiveness and safety profiles. However, accel-
erated TMS research is still in its infancy. The few used 
protocols have not been standardized and differ greatly 
among a few basic components. There are nine compo-
nents, including the target and dose of the treatment, 
individualized parameters (frequency and inter-stimulus 
interval), cumulative exposure (number of therapy days, 
sessions per each day, and vibrations per class), and brain 
state (context and concurrent treatments). Uncertainty 
still exists over which of these components is crucial and 
which criteria are best for treating MDD. The capacity 
and benefit of individualized functional neuronavigation, 
the use of biological readouts, availability for patients 
most in need of the therapy, and duration of impact are 
additional essential factors for accelerated TMS. Over-
all, accelerated TMS seems to have promise for reducing 
treatment duration and achieving immediate relief from 
depressive symptoms, but a lot more work has to be done 
before it can be considered fully effective [32].

Schizophrenia (possible diagnostic and therapeutic effect)
Schizophrenia may disrupt daily life of a person and has 
an impact on their physical and mental health. Accord-
ing to Fitzgerald and colleagues [33], TMS therapy for 
schizophrenia patients resulted in a significantly higher 
level of activity in the left precentral gyrus, left temporo-
parietal areas, and left inferior frontal cortex which might 
help in treatment of negative symptoms of schizophrenia. 
In their investigation of 30 patients with schizophrenia 
using pseudocontinuous magnetic resonance-arterial 
spin labeling, Kindler and colleagues [34] discovered that 
repetitive transcranial magnetic stimulation decreased 
cerebral blood flow in the left primary auditory cortex, 
cingulate gyrus, and Broca region, which might help in 
treatment of resistant auditory hallucination of schizo-
phrenia. In addition, Palm and colleagues [35] discovered 
that transcranial direct current stimulation treatment 
significantly increased the functional connectivity 
between the right insula and the right dorsolateral pre-
frontal cortex, the right thalamus and the right subgenual 
grey matter in the resting state, which might be used as 
possible biomarker in schizophrenia, which is known as 
dis- connectivity syndrome.
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Obsessive compulsive disorder (OCD) (therapeutic 
purpose)
Multiple anatomical structures and brain networks 
exhibit aberrant signaling in OCD, and these pathways 
provide a number of TMS targets. The efficacy of TMS 
in treating OCD has been examined in a variety of rand-
omized control studies. The number of participants, fre-
quency of stimulation, number of treatments, duration of 
follow-up, and effectiveness in lessening OCD symptom 
load vary significantly throughout these trials, though. 
Notably, according to the GRADE methodology, the 
authors rate the overall quality of this evidence as very 
low to poor. These findings support current treatment 
recommendations that point to the “possible efficacy of 
low frequency rTMS of the right DLPFC [36]”.

Stroke (diagnostic and therapeutic purpose 
in cerebro‑vascular stoke rehabilitation)
Rehabilitation is an efficient way to lower disability rate 
of patients after a stroke since it has a high incidence 
and disability rate. TMS among the primary biomedical 
testing methods for stroke patients’ rehabilitation assess-
ments. While fMRI offers relatively rapid and thorough 
access to whole-brain neural activity in the brain dur-
ing external stimulation or while the patient is engaged 
in a particular task, as diagnostic method TMS offers 
independent and controlled activation of neuronal exci-
tation in certain brain areas. Therefore, these methods 
are frequently used to enhance evaluation of the brain 
neurological recovery and to provide light on the brain 
functional reorganization following a stroke. TMS can 
be used in conjunction with structural imaging meth-
ods like DWI in addition to functional imaging methods 
to improve the prediction of motor rehabilitation levels 
in stroke patients and as therapeutic tool TMS enhance 
motor and sensory defect beside other rehabilitation 
tools [37].

Post‑stroke dysphagia
As a possible therapeutic hypothesis, one of the most fre-
quent stroke symptoms, dysphagia can affect 50–81% of 
people who have an acute stroke. The specific processes 
underpinning therapy success remain debatable despite 
the emergence of several treatment modalities. Previ-
ous research has shown that neurological impairment is 
connected to the development of dysphagia. Post-stroke 
dysphagia (PSD) is commonly treated with neuroplasti-
city-based transcranial magnetic stimulation (TMS), a 
recently developed therapy, which accelerates changes in 
neural pathways through synaptogenesis, reorganization, 
network strengthening, and inhibition [38].

Correlating with language and TMS usage in post‑stroke 
aphasia
The neurological correlates of language have been dem-
onstrated by transcranial magnetic stimulation (TMS). 
Temporoparietal regions are more commonly excited 
in regard to the incorporation of sentential meaning 
and thematic role assignment, while frontal areas are 
most frequently stimulated in relation to morphosyn-
tactic procedures and the semantics of action verbs. 
The effect sizes for anterior in comparison to posterior 
areas do not differ for semantic or morphosyntactic dif-
ferences, according to a meta-analysis of 72 effect sizes 
of the examined publications. TMS has a tiny overall 
effect size [39].

When applied to the ventral circuit, TMS might has 
a possible therapeutic approach through affects single 
word recognition and contextual reading, whereas pho-
nological processes are modulated when applied to the 
dorsal circuit. TMS also affects semantic judgements 
when applied to the anterior areas of the reading circuit. 
Findings imply that changes in particular reading behav-
ior traits after TMS may aid in pinpointing foci for use in 
reading treatments [40].

For smoking cessation therapy (FDA therapeutic approach)
The FDA recently approved deep repetitive transcra-
nial magnetic stimulation (Deep TMS™) as a short-term 
smoking cessation therapy. Which volunteers, though, 
are more likely to gain from the therapy remains uncer-
tain. According to the research by Gersner [41], indi-
viduals who are younger, better educated, Caucasian, 
and have a shorter smoking history are more likely to 
successfully kick their smoking habit after three weeks 
of Deep TMS treatment. Participants who are older, have 
less education, and have smoked more frequently may 
require a longer course of treatment or a combination 
of treatment methods. Possible explanations might have 
to do with the difficulties in causing neural alterations in 
those who have higher levels of physical and psychologi-
cal reliance. There is a need for more research.

In multiple sclerosis
A prevalent chronic autoimmune-mediated inflamma-
tory and neurodegenerative condition of the central 
nervous system is known as multiple sclerosis (MS). 
illness-modifying medications have made great strides 
in MS therapy, but the illness complexity and its clini-
cal manifestations necessitate individualized care and 
management of the illness, including alternatives to 
medication treatment. Neurological illnesses have made 
extensive use of transcranial magnetic stimulation 
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(TMS), a painless and non-invasive brain stimulation 
treatment [42].

Nearly ten years ago, TMS clinical guidelines were 
established regarding the use and interpretation of MEPs 
in the diagnosis and monitoring of cortico-spinal tract 
integrity in people with multiple sclerosis. These guide-
lines primarily refer to the use of TMS implementation, 
which entails connecting a magnetic stimulator to a 
standard EMG unit and positioning the coil using exter-
nal landmarks on the head [43].

The mechanism of TMS in multiple sclerosis, 
and the indications of using TMS in MS
Many theories can explain the mechanism of TMS as diag-
nostic and therapeutic tool in MS  The TMS affects oligo-
dendrocytes by increasing their number as an important 
mechanism for inducing myelin sheath regeneration. Fur-
thermore, it is known that TMS can be used to assess cor-
tical excitability and connectivity. Those not only provide 
essential diagnostic elements of MS, but also monitor 
treatment-induced neuronal changes. Also, numerous 
studies had shown that TMS can be a surrogate marker 
for MS, such as testing disability in MS [43].

Indications of  using TMS in  MS  A: Diagnostic: TMS 
can be a surrogate marker for MS through assessing the 
impairment in cortical excitability and connectivity asso-
ciated with the demyelinating process occur in MS [43, 
44].

B: Therapeutic: TMS can change the course of MS, 
(through promoting the remyelination of neurons with 
demyelinating lesions by activating axonal fibers and 
neurons and increasing the number of oligodendrocytes) 
and improve the symptoms, including spasticity, fatigue, 
pain, cognitive impairment [43, 44].

In assessment of spinal cord injury (SCI)
As possible diagnostic method in both the acute and 
chronic stages of SCI, transcranial magnetic stimulation 
(TMS) is considered a non-invasive neurophysiology 
approach that can support clinical assessment in the area 
of body structure and function. Compared to a clinical 
examination alone, TMS provides a better understanding 
of neurophysiology and aids in the better identification 
of residual corticomotor connection after SCI. Studying 
excitatory and inhibitory pathways after SCI is made pos-
sible by the motor-evoked potential generated by TMS 
and the length of the quiet period. Neuroplastic altera-
tions arising from SCI or after rehabilitation can be cap-
tured by changes in muscle representations in the form of 
a shift in the center of gravity of the motor map created 
by TMS or changes in the map area. Paired-pulse TMS 
measurements provide insight into the cortical networks’ 

compensatory reorganization after SCI. TMS may be 
utilized in conjunction with peripheral stimulation 
to examine central motor conduction time and spinal 
reflex modulation, which can be applied for more com-
plex diagnostic applications. Future research will need to 
establish the psychometric features of TMS-based assess-
ments in the SCI community, standardize the assessment 
methods, solve population-specific issues, and increase 
the usefulness of TMS in SCI evaluation [44].

In secondary dementia
Although fundamental degenerative illnesses are the 
most common cause of dementia, a sizable number of 
individuals may have a secondary cognitive problem 
that may be treated. So it is necessary to have diagnos-
tic instruments that can detect them early, keep track 
of them, and forecast how they will respond to therapy. 
Using a non-invasive neurophysiological tool like tran-
scranial magnetic stimulation (TMS) can be used as pos-
sible diagnostic tool through evaluation of the motor 
regions, the cortico-spinal tract, and the neurotransmis-
sion pathways in cognitive decline and dementia. Despite 
the lack of a recognizable TMS pattern that could be used 
to predict the onset or progression of cognitive decline 
in a particular condition, some TMS-associated assess-
ments of cortical activity and development (for example: 
as the short-latency afferent suppression, the short-inter-
val intracortical restriction, and the cortical silent period) 
might add helpful information in the majority of second-
ary dementia, especially when combined with suggestive 
cMRI data. There is still a gap in the research that has to 
be filled on the potential to identify defective cortical cir-
cuits, monitor the progression of the illness, assess the 
response to therapy, and develop novel neuromodulatory 
therapies in secondary dementia [45].

In epilepsy (combined with electroencephalography)
New therapeutic hypothesis of the combination of tran-
scranial magnetic stimulation (TMS) with electroenceph-
alography (EEG), or TMSEEG, may help to treat epilepsy. 
To investigate the potential of TMS-evoked EEG meas-
urements as a proxy for cortical excitability in epilepsy, 
it is vital to standardize techniques and reporting. This 
is especially important for variables like adequate coil 
location to maintain goal consistency, which have a sig-
nificant impact on how study data should be interpreted. 
These advancements will facilitate the evaluation of 
TMS-evoked EEG responses as illness and treatment-
response for impacts on seizure likelihood [46, 47].

Role of TMS in movement disorders
Many studies have reported the roles of TMS in move-
ment disorders as following.
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Parkinson disease (possible therapeutic role)
It has been suggested by experimental research that 
changes in neurotransmitter release, transsynaptic 
efficiency, signaling pathways and gene transcription 
are induced by rTMS Also its known that repetitive 
transcranial magnetic stimulation (rTMS) stimulates 
neurogenesis, neuronal survival, and the release of neu-
roprotective chemicals in Parkinson’s disease patients 
One possible mechanism of action may relate to high-fre-
quency rTMS-enhanced activity in the caudate nucleus 
as well as a relief of dopamine deficiency in nigrostriatal-
thalamo-cortical circuitry For instance, rTMS over M1 
seems to affect dopamine release in nigrostriatal regions, 
which might have therapeutic role in improving symp-
toms of Parkinson disease mainly tremors [48].

Dystonia (possible therapeutic role)
The exact mechanisms of action and the possible thera-
peutic role of rTMS in management of dystonia remain 
unknown. Although motor cortex hyper-excitability 
appears to be the cause of aberrant co-contraction and 
overflow to adjacent muscles, several studies have shown 
that plasticity processes and integrated sensorimotor 
processing might explain the improvement of the symp-
toms using rtms yet further studies are needed [49].

Tourette syndrome (possible therapeutic role)
Very little is known about mechanisms of action of rTMS 
in Tourette syndrome It was suggested that low fre-
quency rTMS may have possible therapeutic role with 
tics and obsessive behaviors by resetting a hyperactive 
motor cortex But there are currently a limited number of 
rTMS studies in adult Tourette syndrome, overall show-
ing mixed results Some LF-rTMS (1 Hz) and HF-rTMS 
(15 Hz) studies targeting motor and premotor corti-
cal sites demonstrated no success or a limited benefit in 
severe Tourette syndrome On the other hand, several 
open-label studies targeting SMA with LF-rTMS (1 Hz) 
demonstrated a decrease in the frequency and intensity 
of tics[50].

Huntington’s disease (possible therapeutic role)
A neurological condition that worsens over time is Hun-
tington’s disease (HD). There is mounting evidence that 
non-invasive neuromodulation techniques can be effec-
tive treatment options for neurodegenerative illnesses. 
19 papers have been published in the literature looking 
into HD therapy and TMS usage. Using the JBI’s (Joanna 
Briggs Institute) critical appraisal tools, quality evalu-
ations were conducted. There are encouraging early 
reports of TMS’s effectiveness for symptoms connected 
to HD without significant side effects, thus more research 
is unquestionably necessary [51].

Essential tremor
rTMS can regulate brain functions through plasticity 
effects and it has been targeted to the tremor network to 
achieve therapeutic effects). One rTMS protocol that has 
been tested in clinical trials is LF-rTMS of the cerebellum 
However, this protocol did not show any improvement in 
tremor variables in essential tremor or in resting tremor 
in PD Other researchers tried stimulating the left M1 or 
premotor cortical targets but did not find any appreciable 
benefit in tremor reduction [52].

Clinical effects of RTMS in cerebellar ataxias (possible 
therapeutic role)
Cerebellar low frequency TMS works by lowering the 
inhibitory regulation of the cerebellar cortex over the 
dentate nucleus, hence potentiating some of the impaired 
functionality of dentate nucleus. Furthermore, a reduced 
inhibitory signal from Purkinje cells may boost the acti-
vation of the vestibular nuclei, so its possible therapeu-
tic role might improve balance in patients with cerebellar 
ataxias [52].

Addiction
Methamphetamine
The road to drug sobriety is a long one, and methamphet-
amine’s greater recurrence rate than other substances can 
make it more difficult. Therefore, real-time physiologi-
cal surveillance of patients before and during cravings 
to lower the risk of relapse may aid in improving thera-
peutic results. Transcranial magnetic stimulation (TMS) 
with an intelligent closed-loop might have a therapeutic 
role by decreasing craving to methamphetamine more 
successfully and in real time. The idea of a continuous 
closed-loop neuromodulation with three primary com-
ponents—a real-time brain signal tracking framework, 
a computerized brain signal processing system, and a 
personalized neuromodulation system—is presented in 
order to increase the efficacy of TMS therapy for meth-
amphetamine addiction [53].

Possible therapeutic role in management of craving 
in alcohol use disorder
Studies examining the effects of repeated transcranial 
magnetic stimulation (rTMS) in alcohol use disorder 
(AUD) frequently utilize a small number of rTMS ses-
sions at various rTMS settings, with variable results on 
effects on alcohol demand. High-frequency rTMS over 
the right dorsolateral prefrontal cortex (dlPFC) was effec-
tive in reducing alcohol demand and use in newly detoxi-
fied individuals with AUD during the initial months after 
detoxification, according to a small-scale randomized 
controlled experiment. These results call for replica-
tion in future large-scale research because they raise 
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the possibility that rTMS may be a useful adjunct in the 
treatment of AUD patients [54].

Traumatic brain injury
A primary contributor to disability brought on by cog-
nitive, neurological, and psychiatric illnesses is trau-
matic brain injury (TBI). Preclinical investigation into 
electrical stimulation techniques as a possible remedy 
for TBI aftereffects has just lately received consider-
able pace. Although these techniques are expected to 
improve things, the underlying mechanisms are still not 
well understood. It is yet unknown at what point fol-
lowing TBI they should be used to provide the optimum 
therapeutic result, ideally with long-lasting benefits. 
These issues are investigated in studies using animal 
models, which also look at the positive long- and short-
term effects mediated by these innovative modalities. It 
is challenging to make clear comparisons across activa-
tion regimens and treatment result since the parameters 
employed in research on each of these stimulation tech-
niques differ greatly. Electrical simulation’s long-term 
positive effects and negative side effects are seldom stud-
ied, which raises concerns regarding their applicabil-
ity for therapeutic uses. However, we conclude that the 
stimulation techniques mentioned here have promising 
outcomes and might have possible therapeutic role that 
may be further confirmed by subsequent studies in this 
area [55].

TMS combined with EEG for diagnostic purposes
Neuronal activity is elicited by transcranial magnetic 
stimulation (TMS) in the targeted cortex and associ-
ated brain areas. Electroencephalography (EEG) can 
be used to assess the evoked brain response. TMS and 
simultaneous EEG are frequently used together (TMS-
EEG) to research brain connection and reactivity with 
great spatiotemporal resolution. TMS and EEG are a 
difficult methodological combination, and there are 
still a lot of unanswered issues. For data collection and 
processing, several TMS-EEG tools and methods are 
employed. Lack of standardization may compromise 
repeatability and restrict the capacity to compare find-
ings from other research labs. Furthermore, there is 
debate regarding how much somatosensory and audi-
tory inputs contribute to transcranially elicited EEG. 
The improvement of low frequencies rhythms, repres-
sion of high-frequency rhythms, decrease in dynamic 
intricacy, and the decomposition of networks associ-
ated with declining consciousness are all electroen-
cephalogram features related to the frontal and parietal 
regions that have consistently demonstrated high rel-
evance with consciousness. Existing research has not 
yet shown which of the frontal and parietal lobes takes 

precedence in consciousness damage or recovery due 
to the limits of EEG. Methods for improving EEG 
awareness locations include source restoration with 
high-density EEG, artificial intelligence with huge data, 
and TMS-EEG mapping [56–60].

Important remarks
TMS is a cost-effective treatment for patients who have 
failed to receive sufficient benefit from initial traditional 
modalities of treatment in certain disorders for example 
resistant major depressive disorder and obsessive com-
pulsive treatment (FDA approved), TMS has great rule in 
rehabilitation of post stoke aphasia and cerebro-vascular 
stoke motor rehabilitation yet further future studies is 
needed to apply this high expensive technology [61].

TMS is a relatively safe procedure. A systematic review 
of 93 RCTs found the TMS group had 2.60 times higher 
(95% CI 1.75 3.86) odds of experiencing an adverse event 
(AE) than placebo (p < 0.00001). Headache and dizziness 
were the most common AEs. However, the overall pooled 
estimate of treatment discontinuation due to an AE was 
2.5% (95% CI 1.9–3.2%) with TMS and 2.7% (95% CI 
2.0–3.5%) with placebo [62]. Besides, a Cochrane review 
of seven studies analyzing the effect of TMS in epi-
lepsy found that adverse effects were uncommon; most 
reported adverse effects were headache, dizziness, and 
tinnitus and did not lead to a significant change in medi-
cations A meta-analysis of 17 RCTs evaluating rTMS to 
left DLPFC (10 Hz) at 60–110% resting motor threshold 
(rMT) reported a significant incidence of headache in the 
treatment group. Besides, a Cochrane review of seven 
studies analyzing the effect of TMS in epilepsy found that 
adverse effects were uncommon; most reported adverse 
effects were headache, dizziness, and tinnitus and did not 
lead to a significant change in medications A meta-anal-
ysis of 17 RCTs evaluating rTMS to left DLPFC (10 Hz) 
at 60–110% resting motor threshold (rMT) reported a 
significant incidence of headache in the treatment group 
[63]. Furthermore, TMS use in epilepsy may induce sei-
zures in patients with a known neurological disorder and 
clinicians should be aware and alert about this complica-
tion However, the risk is very low, most incidences are 
transient and self-limiting and do not have any long-term 
sequelae [64].

The Food and Drug Administration (FDA) has 
approved TMS for individuals between the ages of 18 to 
70 Although there are currently no guidelines for the use 
of TMS in pregnancy, limited studies have been done to 
evaluate the short-term and long-term efficacy and safety 
of TMS during pregnancy for MDD. Past studies showed 
improvement in maternal functioning and depressive 
symptoms after being treated with TMS [65].
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Conclusions
The number of persons that receive TMS each year is 
only partially known. TMS is nonetheless extensively 
accessible, with recognized and certified suppliers in 
several nations throughout the world. After a TMS ses-
sion, the majority of people may resume their regular 
activities and schedule right afterwards. It is uncom-
mon for some people to need a few minutes to allow 
adverse effects subside. Numerous research investi-
gations on TMS have been carried out by specialists. 
None of the investigations found any evidence con-
necting TMS to negative brain alterations. Significant 
adverse effects have been documented in a very small 
number of individuals. Such cases are quite uncommon, 
and there have only been a few number of them where 
doctors have determined that TMS was most likely or 
certainly the cause. TMS offers hope to patients who 
have not experienced gains from other, more conven-
tional therapies even if it is not a first-line therapy. TMS 
is a therapy with the potential to save lives when used 
to treat severe or treatment-resistant depression as 
well as OCD. Researchers are also looking into whether 
it may cure a variety of other brain-related diseases, 
which expands the treatment’s potential applications.
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