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Abstract
The efficacy of traditional treatment for post-traumatic stress disorder (PTSD) is 
still unsatisfactory. Repetitive transcranial magnetic stimulation (rTMS) has been 
widely used in the treatment of various types of mental disorders, including 
PTSD. Although rTMS has been demonstrated to be effective in many cases, there 
are still arguments regarding its mechanism and protocol. This review aims to 
summarize the origin, development, principle, and future direction of rTMS and 
introduce this neuro-stimulation therapy to relevant clinicians.

Key Words: Repetitive transcranial magnetic stimulation; Post-traumatic stress disorder; 
Neuro-stimulation; Physical therapy
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Core Tip: This review concludes the update clinical development of repetitive 
transcranial magnetic stimulation (rTMS) in the treatment of post-traumatic stress 
disorder, providing the detail explanation of this emerging physical therapy. This 
review aims to summarize the origin, development, principle, and future direction of 
rTMS and introduce this neuro-stimulation therapy to relevant clinicians.
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INTRODUCTION
Post-traumatic stress disorder (PTSD) is recognized as a complex psychiatric disorder. 
Based on the DSM-5 diagnostic criteria for PTSD[1], the four core symptoms of PTSD 
are repeated recurrence of a traumatic experience, continuous avoidance of stimuli 
related to the traumatic event, negative cognitive and mood changes, and sustained 
increased alertness. Many epidemiological studies have shown that the incidence of 
PTSD is increasing. An American study indicated that PTSD has a 12-mo prevalence of 
3.5%[2]. The overall lifetime prevalence of PTSD reported in the World Mental Health 
studies was 3.9% for people with a randomly selected trauma[3]. In addition, PTSD 
has been shown to have a high level of comorbidity, especially co-occurring with 
anxiety disorder, mood disorder, or substance use disorder[4]. Due to the impairment 
of cognitive function and mental status in PTSD patients and the high rate of 
comorbidity, the burden of PTSD is potentially substantial and it has become one of 
the most common mental disorders affecting human health.

As PTSD is a common psychiatric illness affecting various populations, a multitude 
of pharmacological and neuro-stimulation treatments have been proposed to treat 
PTSD. However, conventional drugs for PTSD (such as selective serotonin reuptake 
inhibitors) are not very effective. A systematic review showed that at least one-third of 
PTSD patients did not achieve symptom relief following conventional therapy[5]. In 
the past decades, neurostimulation treatments, as a non-invasive and safe physical 
method, have been studied extensively by many psychiatric researchers. Among 
various kinds of neurostimulation treatments, transcranial magnetic stimulation (TMS) 
has been widely applied clinically for mental disorders. TMS delivers electrical stimuli 
through the scalp in conscious humans. Furthermore, researchers have indicated that 
repetitive TMS (rTMS) has been used as a treatment for psychiatric disorders, inducing 
changes in brain activity that can last beyond the stimulation period[6]. rTMS has been 
proved to be an efficient neuro-stimulation therapy for PTSD; however, there is still 
some debate regarding the mechanism and optimal parameters of rTMS.

Therefore, we summarize the available literature on the development of rTMS in the 
treatment of PTSD, the principle of rTMS for PTSD, and the clinical progress of rTMS 
in the management of PTSD for a better understanding of this neuro-stimulation 
therapy.

DEVELOPMENT OF RTMS IN TREATMENT OF PTSD
As early as in 1980, Merton and Morton[7] conducted the first experiments of 
transcranial stimulation in conscious humans. However, rTMS was used for the first 
time as a treatment for PTSD in 1998[8]. This was a case study that enrolled two 
patients stimulated with a figure-8 coil in the right frontal area (no specific region 
reported). The treatment parameters were set at 1 Hz, 1200 pulses/d, 17 sessions, and 
30 sessions for each patient. During the course of treatment, the PTSD checklist score 
used to assess PTSD symptoms significantly improved.

Since then, many studies exploring the efficacy of rTMS in PTSD patients have 
emerged[9-12]. The main differences between these studies were the anatomic site of 
stimulation, the figure of the coil, the frequency of rTMS stimulation, the number of 
excitation pulses, and the type of traumatic event.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i29/8658.htm
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Cohen et al[12] conducted a sham-controlled study and demonstrated the beneficial 
effects of high-frequency rTMS (HF-rTMS) delivered to the right dorsolateral 
prefrontal cortex (DLPFC), but low frequency rTMS (LF-rTMS) stimulation applied to 
the DLPFC was not as effective as HF-rTMS. Furthermore, a study used a figure-8 coil, 
applied HF-rTMS to both the left and right DLPFC, and found a significant decrease in 
PTSD symptoms after left DLPFC stimulation, but a moderate improvement after right 
DLPFC stimulation[11]. However, other studies have demonstrated that LF-rTMS 
applied to the right DLPFC obtained curative benefits in a small patient sample (20 
patients)[10]. Isserles et al[9] conducted a double-blind crossover study, using a novel 
H-coil at high frequency (20 Hz) stimulation to the medial prefrontal cortex in patients 
with refractory PTSD, and the results showed that the average score of the Clinician-
Administered PTSD Scale-5 (CAPS-5), especially the intrusive symptom cluster, 
improved in patients receiving rTMS treatment. In conclusion, these rTMS-related 
studies with different parameters and various samples indicated that rTMS may be 
effective in treating the symptoms of PTSD.

The first systematic review about the efficiency of TMS in treating PTSD was 
conducted by Karsen et al[13], and this Meta-analysis of eight primary studies 
suggested that TMS in the treatment of PTSD was an effective and safe treatment. For 
stimulating areas, right-sided TMS may obtain better efficacy than left-sided TMS in 
the treatment of PTSD. In terms of frequency of TMS, it was still not clear which was 
better, high frequency or low frequency. Generally speaking, as a new physical 
treatment for PTSD, the safety and reliability of TMS have been widely proved. 
However, another review that focused on the frequency of rTMS for PTSD suggested 
that LF-rTMS can alleviate both PTSD and depression symptoms, while HF-rTMS 
mainly improve related symptoms of PTSD[14]. An updated evidence-based guideline 
released in 2020 concluded that the HF-rTMS applied to the right DLPFC in the 
treatment of PTSD can reach level B evidence (‘‘probably effective”)[15]. LF-rTMS 
applied to the same area of the brain can be as a substitutional way for patients with 
PTSD, since a comparative study[16] did not find obvious differences between the 
efficacy of LF-rTMS and HF-rTMS in stimulating the right DLPFC.

PRINCIPLE OF RTMS FOR PTSD
Many studies have suggested that PTSD is related to a dysregulated response to fear
[17]. Neuronal circuits involved in fear are related to the development of PTSD 
symptoms[18], especially flashback symptoms. Both animal and human studies have 
suggested that several brain regions, including the medial prefrontal cortex, anterior 
cingulate cortex, hippocampus, and amygdala, were associated with fear formation 
and memory recovery[17,19-21]. Aberrant neuronal activities of the structures 
mentioned above may be potential reasons underlying the development and retention 
of PTSD-relevant symptoms.

Using TMS to modulate prefrontal structures of the brain has been recognized to 
have a potential role in the treatment of PTSD. The DLPFC is located in the emotion 
regulatory network like the amygdala and hippocampus. rTMS of DPLFC has 
demonstrated potential antidepressant efficacy via changing neuro-activity throughout 
this emotion regulatory network[22].

rTMS can regulate cortical activity after the period of stimulating activation, which 
makes rTMS a promising physical therapy for mental disorders. The physiological 
basis of this after-effect of rTMS has not yet been clarified. Many animal experiments 
have shown that the after-effect of rTMS in the treatment of mental illness is similar to 
long-term potentiation (LTP) or long-term depression (LTD)[23]. LTP or LTD means 
that when the pre-synaptic fibers are stimulated, the response of the post-synaptic cells 
will increase or decrease for a long period. Generally speaking, this enhancement will 
last for minutes or even months. Existing research suggests that the molecular 
biological mechanism of hippocampal neuron loss may be related to LTP.

The mechanism of LTP production must meet specific conditions[24]. First, strong 
depolarization of the postsynaptic membrane removes the blockade of magnesium 
ions on the N-methyl-D-aspartate (NMDA) receptor coupling channel[25]. Second, 
there is the excitatory release of pre-synaptic nerve terminals, mainly glutamate. Third, 
neurotransmitter binds to the post-synaptic membrane NMDA receptor, and then the 
ion channel opens for calcium ion influxes. Subsequently, when the endocellular 
calcium ion concentration is increased, calcium/calmodulin kinase II will be activated 
to redistribute the non-synaptic α-amino-3-carboxy-5-methyl-4-isoxazole propionic 
acid (AMPA) receptors in the protruding posterior membrane to the synaptic network, 
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resulting in increased AMPA receptor activity[26]; in addition, calcium ion influx 
activated protein kinase C increases the sensitivity of AMPA receptors to enhance 
synaptic response. Physical stimulation can amplify the excitatory post-synaptic 
potential (EPSP). rTMS stimulation can cause the EPSP to have a superimposing effect. 
When the post-synaptic membrane depolarization reaches a certain level, it can move 
the magnesium ions located in the NMDA receptor channel to prevent the influx of 
calcium ions. In this way, when the transmitter binds to the NMDA receptor, the 
channel opens and calcium ions flow in, and the intracellular calcium ion concen-
tration increases, which in turn induces the production of LTP.

Therefore, rTMS may regulate the effects of LTP by interfering with the NMDA and 
AMPA pathways, and then cause neuroplasticity of the brain, thereby remodeling the 
original nerve structure, and intervene in the endocrine system to produce sustained 
therapeutic effects[6].

CLINICAL PROGRESS OF RTMS FOR PTSD
PTSD symptoms treated by rTMS
The four core symptoms of PTSD are repeated recurrence of a traumatic experience, 
continuous avoidance of stimuli related to the traumatic event, negative cognitive and 
mood changes, and sustained increased alertness[1]. rTMS can relieve all the core 
symptoms of PTSD, and this has been proved by many researchers, especially the re-
experiencing of symptoms as well as continuous avoidance reactions[27]. rTMS of the 
right DLPFC interferes with episodic memory retrieval, related to the repeated 
recurrence of traumatic experience. Additionally, rTMS also has a certain therapeutic 
effect on the common comorbid symptoms, depression, and anxiety in PTSD patients
[12,28,29].

Classic rTMS protocols
rTMS is a non-invasive neurostimulation method altering brain activity through 
quickly repeated repetitive magnetic pulses of the coil’s electromagnetic fields. The 
extremely short duration of magnetic pulses is generated by the circular electrical 
currents. The magnetic field penetrates the brain areas painlessly, neither attenuating 
the magnetic field strength nor the induced voltage generated in the brain areas. 
Actually, the stimulation in brain areas is not caused by the magnetic field itself but 
the induced voltage of the movement of the magnetic field.

Different frequencies of rTMS can cause various influences in the excitability of the 
brain regions. Frequency lower than 1 Hz is called low frequency, and frequency 
higher than 5 Hz is called high frequency. Early electrophysiologic studies showed 
that LF-TMS inhibits and HF-TMS excites neurons in the stimulated brain regions[30]. 
Besides, the depth of rTMS stimulations also varies. In traditional rTMS, stimulations 
only can reach 3 cm from the coil surface to the cerebral cortex, while deep rTMS can 
reach about 5 cm, which is near twice as deep as the traditional rTMS[31].

For the stimulating areas of rTMS,  the sites of stimulation are usually the left and 
right DLPFC and dorsomedial prefrontal cortex. The DLPFC participates in the 
suppression of trauma memory and related negative emotions by inhibiting the 
response of the amygdala. At present, most studies use rTMS of the DLPFC to improve 
PTSD-related symptoms. In the common methods of rTMS of the DLPFC, HF-rTMS 
stimulations are applied to the left-brain hemisphere, and the right-brain hemisphere 
is stimulated by LF-rTMS. Some studies showed that the combination of both 
stimulations mentioned above did not obtain additional benefits, compared to 
unilateral rTMS stimulation[32].

Most LF-rTMS studies usually set the stimulation frequency at 1 Hz, while the 
stimulation intensity and pulse number vary based on the specific requirements of 
studies. Generally speaking, LF-rTMS is widely perceived to have an inhibitory effect. 
However, at low intensities, which is less than the motor threshold (MT), LF-rTMS 
often did not obtain significant effects on motor excitability. This is possible because of 
the influences from the level of motor cortex excitability.

Some studies indicate that the differences in the feedback of LF-rTMS might be due 
to the level of motor cortex excitability of the targeted muscle. Concerning the motor-
evoked-potential (MEP), the depression of MEP could be increased if LF-rTMS is 
preceded by a high-frequency subthreshold excitation as compared to just a single 
stimulus. Cortical depression can be increased by at least 60 min that way[33].
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Figure 1 Repetitive transcranial magnetic stimulation treatment. rTMS: Repetitive transcranial magnetic stimulation.

Figure 2 Precise intermittent theta burst stimulation treatment. nTMS: Navigated transcranial magnetic stimulation; fMRI: Functional magnetic 
resonance imaging.

On the contrary, HF-rTMS is considered to enhance the excitability of cortical 
neurons. Berardelli et al[34] showed that HF-rTMS set at 120% of the MT could prolong 
MEP for 1 s, and their research indicated that rTMS may increase pre-synaptic 
inhibition of the Ia afferent fibers responsible for the H-reflex at the spinal level. 
Nevertheless, the duration of the effect induced by HF-rTMS varies depending on the 
stimulation intensity, the number of pulses, and the stimulation frequency. In some 
cases, the after-effects of HF-rTMS can last up to 90 min after the initial stimulation. 
Surprisingly, the after-effects induced by HF-rTMS may be reversed due to changes of 
stimulation. Modulations induced by HF-rTMS depend on the degree of excitability of 
motor neurons in the target muscle. If the target muscle underwent a brief isometric 
contraction before stimulation, MEP facilitation caused by HF-rTMS was longer 
compared to the control group that did not undergo contraction before stimulation.

Thus, according to the guideline of rTMS for PTSD, the level B evidence (probable 
efficacy) still applies to the HF-rTMS stimulation of the right DLPFC in PTSD with 
more evidence-based medical results. Therefore, we still believe that HF-rTMS 
stimulation will benefit PTSD patients more, but the effect of LF-rTMS in various 
regions of the brain for PTSD patients also requires further research.
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Theta burst stimulation
With the advancement of technology, the rTMS treatment protocol is constantly being 
updated. Theta burst stimulation (TBS) is the most frequently used new type of rTMS 
protocol, and has been used in animal studies to induce synaptic plasticity. The 
pattern of TBS is based on the brain’s natural theta rhythm occurring in the 
hippocampus. TBS consists of bursts of high-frequency stimulation. The intensity is 
subthreshold, usually set at 80% of the MT. Different patterns of TBS produce different 
effects on motor cortex excitability. An intermittent TBS (iTBS) protocol, with TBS 
applied for 2 s and then repeated every 10 s, increases motor cortex excitability[35,36]. 
The patterned nature of TBS resembles theta oscillations of hippocampal memory 
systems[37]. PTSD is defined, at its core, by the impact of intrusive traumatic 
memories, and in translational models TBS can induce hippocampal synaptic 
connections and activity[38]. A sham-controlled study of iTBS for PTSD indicated that 
PTSD symptoms, depression, and social and occupational function improved after 
iTBS treatment[39]. Neuroimaging studies also suggested that stronger connectivity 
within the default mode network and by anticorrelated cross-network connectivity is 
related to clinical improvement[40].

Clinically, TMS technology has some limitations. Magnetic stimulation requires 
long-term continuous stimulation of brain nerves in patients, and requires a high 
stimulation accuracy. As mentioned in Figure 1, traditional methods rely on doctors to 
manually move the coil position, which is inefficient and difficult to meet the position, 
angle, and coil direction criteria at the same time. In order to accurately locate the 
target of iTBS stimulation, the concept of precise iTBS stimulation was proposed.

As shown in Figure 2, precise iTBS treatment can be divided into three parts: Brain 
imaging detection, data cloud analysis, and precise navigation stimulation. It can 
accurately locate and stimulate the brain area and adjust the Joule energy value of the 
stimulating magnetic field according to the patient's condition, thereby formulating 
precise and individualized treatment plans, and ultimately improving the treatment 
effect. A study using an magnetic resonance imaging-guided precise iTBS treatment 
plan to treat severe depression showed that 90.5% of participants met remission 
criteria, and this physical therapy was well tolerated and safe[41]. Although there is a 
certain theoretical basis, the therapeutic effect of precise iTBS therapy for PTSD 
requires further research.

CONCLUSION
This review suggests that rTMS is a promising physical treatment for PTSD with its 
safety and efficacy. The following inferences can be drawn from previous studies 
about rTMS for PTSD. Right-sided stimulation may be more effective than left-sided 
excitation; the optimal frequency of rTMS is still unclear since there is no evidence 
proving that which is better: rTMS or LF-rTMS. The optimal parameters of rTMS still 
require further research. In addition, rTMS used in the treatment of PTSD is generally 
well tolerated. As a new rTMS protocol, iTBS has broad application prospects in the 
treatment of PTSD. In the future treatment of PTSD, rTMS combined with traditional 
drug therapy and psychotherapy may achieve promising efficacy.
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