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ABSTRACT

Post-traumatic stress disorder (PTSD) is a psychiatric disorder that develops and persists 
after an individual experiences a major traumatic or life-threatening event. While phar-
macological treatment and psychological interventions can alleviate some symptoms, 
pharmacotherapy is time-consuming with low patient compliance, and psychological 
interventions are costly. Repetitive Transcranial Magnetic Stimulation (rTMS) is a safe and 
effective technique for treating PTSD, with advantages such as high compliance, low cost, 
and simplicity of implementation. It can even simultaneously improve depressive symp-
toms in some patients. Current research indicates that high-frequency rTMS shows better 
therapeutic effects compared to low-frequency rTMS, with no significant difference in the 
likelihood of adverse reactions between the two. Theta Burst Stimulation (TBS) exhibits 
similar efficacy to high-frequency rTMS, with shorter duration and significant improve-
ment in depressive symptoms. However, it carries a slightly higher risk of adverse reac-
tions compared to traditional high-frequency rTMS. Combining rTMS with psychological 
therapy appears to be more effective in improving PTSD symptoms, with early onset of 
effects and longer duration, albeit at higher cost and requiring individualized patient con-
trol. The most common adverse effect of treatment is headache, which can be improved by 
stopping treatment or using analgesics. Despite these encouraging data, several aspects 
remain unknown. Given the highly heterogeneous nature of PTSD, defining unique treat-
ment methods for this patient population is quite challenging. There are also considerable 
differences between trials regarding stimulation parameters, therapeutic effects, and the 
role of combined psychological therapy, which future research needs to address.

Keywords: Post-traumatic stress disorder, repetitive transcranial magnetic stimulation, 
noninvasive brain stimulation

Background

Post-traumatic stress disorder (PTSD) is a psychiatric disorder that develops and persists after 
an individual experiences a major traumatic or life-threatening event. Based on data from 
the World Mental Health Survey, the lifetime prevalence of PTSD is approximately 3.9% glob-
ally, and 5.6% among individuals who have experienced trauma exposure.1 The disorder has 
a long course, poor prognosis, and about 75% of patients have co-morbidities with other 
psychiatric disorders.2 It imposes a heavy burden on countries, especially low- and middle-
income countries.3

According to the Veterans Affairs/Department of Defense, the American Psychiatric 
Association, and the International Society for the Study of Traumatic Stress, the guidelines 
include medication and psychotherapy as equivalent first-line treatment options for PTSD.4 
Selective serotonin reuptake inhibitors and tricyclic antidepressants such as amitriptyline 
can improve PTSD symptoms, but have disadvantages such as long treatment duration and 
low compliance.5,6 Trauma-focused cognitive-behavioral therapy, eye movement desensiti-
zation and reprocessing therapy can likewise improve PTSD symptoms with good patient 
compliance. However, psychotherapy still has some limitations, such as resource constraints 
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of professional counselors and high economic costs.7-10 Transcranial 
magnetic stimulation is used as an advanced neuromodulation 
technique in a variety of diseases, based on the principle of gen-
erating a magnetic field by placing a coil in the brain area of inter-
est, which induces the generation of electrical currents to alter the 
excitability of neurons, resulting in a series of physiological and bio-
chemical responses.11-14 The most commonly used mode of repetitive 
Transcranial magnetic stimulation (rTMS) is non-invasive, highly com-
pliant, and cost-effective, with the ability to improve PTSD symptoms 
in a short period. The United States Food and Drug Administration 
has approved rTMS for the treatment of severe depression and obses-
sive-compulsive disorder.15 Numerous studies have shown that rTMS 
can improve symptoms in PTSD patients,16,17 but the mechanism 
of action, targets, treatment parameters, and the need to combine 
with other therapies are still variables that need to be discussed. This 
study primarily conducted Mesh term searches using “Transcranial 
Magnetic Stimulation” and “Stress Disorders, Post-Traumatic.” 
Additionally, we conducted keyword searches using “Repetitive tran-
scranial magnetic stimulation,” “Transcranial Magnetic Stimulation,” 
“Post-traumatic Stress Disorder,” and “PTSD,” focusing on literature 
from the past 20 years. We also reviewed the possible pathological 
mechanisms of PTSD and research on the improvement of PTSD 
symptoms by rTMS, discussing the mechanisms of action and inter-
vention effects of rTMS, providing certain reference for the related 
research and clinical application of rTMS in PTSD.

Pathological Mechanisms of Post-traumatic Stress 
Disorder 

Mechanisms of Abnormal Changes in Brain Regions
The current understanding of the pathogenesis of PTSD is character-
ized by hypofunction of the prefrontal cortex and functional over-
activation of other structures. Neuroimaging studies have shown 
that patients with PTSD primarily experience abnormal functional 
and structural changes in the amygdala, prefrontal cortex, and the 
hippocampus.18

The amygdala is the brain tissue that produces, recognizes, and regu-
lates emotions and is associated with fear extinction.19 Studies have 
shown that the left amygdala is significantly reduced in patients with 
PTSD.20 Additionally, studies have found that PTSD female patients 
who experienced childhood trauma have a reduced volume in 
the right amygdala.21 In studies of veterans, it has been found that 
patients with PTSD exhibit a smaller size of the lateral nucleus and 
larger volumes of the central and medial nuclei.22 These studies all 
suggest that PTSD symptoms may be related to changes in the size 
and shape of the amygdala.

The prefrontal cortex is the anatomical basis for the generation of 
complex mental activities in humans and plays an important role in 
various mental activities. The prefrontal cortex regulates the process 
of fear memory extinction by modulating the amygdala.23 Mehta 
et  al. found that the regulation of the amygdala by the prefrontal 
cortex is diminished in PTSD patients, which may be related to the 
severity of PTSD symptoms.24 Yang et al25 found that PTSD patients 
were associated with a thinner prefrontal cortex. This represents that 
the prefrontal cortex may be an important target for the treatment 
of PTSD patients.

The hippocampus is mainly responsible for functions such as stor-
age conversion and orientation of short-term memory, and it is 
coactivated with the amygdala when subjected to negative stimuli.22 
The hippocampus has an important role in the modulation of fear 
memories in patients with PTSD.26 Larger right hippocampal volume 
has a protective effect against PTSD, whereas the left hippocampal 
volume is positively correlated with the symptoms of PTSD.27,28 The 
hippocampus can be divided into subregions such as CA1, CA2, CA3, 
and the dentate gyrus, in which alterations in the CA2-3/dentate 
gyrus subregion may be related to the formation of intrusive trau-
matic memories in PTSD.29 A research indicates that individuals with 
PTSD exhibit changes in the volume of the CA1 and CA2-3/dentate 
gyrus regions of the hippocampus. Specifically, alterations in the CA1 
region are associated with uncontrollable re-experiencing of intru-
sive memories, while changes in the CA2-3/dentate gyrus region may 
be related to excessive generalization of fear.30 This suggests that 
inhibition of the corresponding hippocampal region may improve 
clinical symptoms in patients with PTSD.

The abnormal functionality and morphology of various brain regions 
may be important factors contributing to PTSD, which provides us 
with some reference value when studying its treatment mechanism.

Neural Network Mechanisms
Post-traumatic stress disorder is a state of post-traumatic psychologi-
cal imbalance that affects 3 main cortical networks: the default net-
work, the central executive network, and the salience network. Each 
network includes different brain structures that are either function-
ally inhibited or hyperactivated in patients with PTSD.31 The default 
mode network includes posterior cingulate cortex, precuneus, medial 
prefrontal cortex, inferior parietal lobule, and bilateral temporal cor-
tex. The network consists of brain regions that continue to engage 
in certain functional activities during rest, and it is associated with 
emotion processing, memory retrieval, and related functions. A sub-
stantial body of research has found decreased connectivity strength 
within this network in individuals with PTSD.32 The central executive 
network includes several medial prefrontal cortex and inferior fron-
tal, inferior parietal regions, with a core area in the dorsolateral pre-
frontal cortex (DLPFC), and these brain regions are mostly associated 
with activity inhibition, emotions, etc., and show abnormal activ-
ity in patients with PTSD.33 The salience network primarily involves 
the dorsal anterior cingulate cortex, anterior insula, and amygdala, 
responsible for categorizing external stimuli and internal events, 
and switching to relevant processing systems. Enhanced connectiv-
ity within this network has been observed in PTSD patients, which 
can strengthen further with increased stimulation.33,34 The current 
findings suggest that these changing networks may serve as clinical 
measures for assessing PTSD symptom severity and contribute to our 
understanding of the neural mechanisms of PTSD.31,35

MAIN POINTS
•	 Repetitive transcranial magnetic stimulation (rTMS) is a non-inva-

sive physical therapy method.
•	 Repetitive transcranial magnetic stimulation demonstrates signifi-

cant efficacy and safety in treating post-traumatic stress disorder 
(PTSD).

•	 In the treatment of PTSD, high-frequency rTMS and theta burst 
stimulation demonstrates superior efficacy.

•	 In the treatment of PTSD, the most common adverse reaction is a 
headache.
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The aberrant neurobiological mechanisms in PTSD patients often 
involve multiple brain regions and are intricately complex. Reduced 
regulation of the amygdala by the prefrontal cortex leads to height-
ened reactivity of the amygdala. Given the indirect connection 
between the amygdala and the hippocampus, we can potentially 
normalize the corresponding neurobiological mechanisms by mod-
ulating aberrant activity in the prefrontal cortex using rTMS. This 
approach aims to ameliorate PTSD symptoms.

Genetic Mechanisms
Behavioral genetics approaches are important tools for understand-
ing the etiology of PTSD. Existing behavioral genetics research sug-
gests that PTSD symptoms have a moderate genetic component, 
with heritability estimated at approximately 49%.36-38 Candidate gene 
studies have mainly focused on gene sets related to serotonin, dopa-
mine, and neuroendocrine function, but results have been inconsis-
tent.39 Genetic research on PTSD has entered the era of genome-wide 
association studies, which have identified some previously undiscov-
ered variants and new loci.40-42 Epigenetics has also gradually been 
applied to PTSD research, focusing primarily on mechanisms such as 
histone modification, DNA methylation, and non-coding RNA. Many 
relevant genes have been identified, offering significant promise for 
identifying genetic factors related to PTSD.43,44

The development of genetics fundamentally lays a solid foundation 
for exploring the genetic and pathological mechanisms of PTSD, 
offering hope for future regulation of PTSD at the genetic level.

Clinical Application of Repetitive Magnetic 
Transcranial Stimulation in Post-traumatic Stress 
Disorder

Mechanism of Repetitive Magnetic Transcranial Stimulation
Generally, rTMS is categorized into 2 modes, low-frequency rTMS 
and high-frequency rTMS. Low-frequency rTMS reduces cortical 
excitability, whereas high-frequency rTMS increases cortical excit-
ability,45 Theta-Burst Stimulation (TBS) can be considered as a mode 
of high-frequency rTMS. The main mechanisms of action of rTMS 

are currently thought to include the following: (1) rTMS acts on the 
motor cortex of the human brain by inducing a mechanism similar 
to synaptic plasticity.46 Long-term potentiation (LTP) and long-term 
depression (LTD) are considered essential elements of synaptic plas-
ticity, and both are induced by changes in postsynaptic Ca2+ concen-
tration.47 Repetitive magnetic transcranial stimulation can vary the 
stimulation parameters to induce changes in Ca2+ concentration, 
prolonged low-frequency rTMS can induce LTD, whereas short-dura-
tion high-frequency rTMS can induce LTP.48,49 Synaptic plasticity can 
improve PTSD symptoms by improving abnormal brain regions and 
promoting their return to normal morphology. (2) Repetitive mag-
netic transcranial stimulation produces therapeutic effects by modu-
lating cortical excitability. Cortical excitability is observed primarily 
as amplitude in motor evoked potentials.50 It is generally accepted 
that high-frequency rTMS increases motor cortical excitability for a 
period of time after stimulation, which is similar to LTP, and that low-
frequency rTMS decreases cortical motor excitability by decreasing 
the amplitude of motor evoked potentials, which corresponds to 
LTD.51,52 Enhancing or attenuating the connectivity of brain network 
mechanisms by modulating cortical excitability may be the main 
reason why rTMS improves PTSD symptoms. (3) Repetitive magnetic 
transcranial stimulation exerts therapeutic effects by regulating cer-
tain gene expression and protein synthesis (Figure 1). Some studies 
have shown that rTMS can regulate cortical network activities by 
modulating gene expression of c-Fos, GABAergic and glutamater-
gic and inhibiting calcium-binding proteins, CKD-95, etc.53-56 These 
genes and proteins are closely related to recovery after brain injury, 
can improve the brain regions damaged by PTSD and promote their 
functional recovery, and can also help us determine the effectiveness 
of PTSD treatment.

Stimulation Targets of Repetitive Magnetic Transcranial 
Stimulation for Post-traumatic Stress Disorder
Repetitive magnetic transcranial stimulation produces different 
therapeutic effects by individualizing treatment parameters.57 
Numerous studies have shown that patients with PTSD have func-
tional abnormalities and connectivity disturbances in various brain 

Figure  1.  Research findings and mechanism. PTSD, Post-traumatic stress disorder; rTMS, repetitive –magnetic transcranial stimulation; 
HF-rTMS, high-frequency rTMS; LF-rTMS, low-frequency rTMS; TBS, theta burst stimulation.
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regions, mainly in the right hemisphere, which is in charge of avoid-
ance-related emotions, and therefore the right side is often chosen 
as a therapeutic target for rTMS.21,58 The DLPFC, which plays a central 
role in emotion regulation, is the main target of action. A phase II, 
double-blind, placebo-controlled trial of 20-Hz stimulation of the 
DLPFC on the left and right sides of patients with PTSD showed that 
PTSD symptoms improved in both groups, but the improvement 
was better in the right rTMS group.59 Stimulation of both the left and 
right DLPFC in patients with PTSD seems to improve symptoms, but 
fewer studies have stimulated the left DLPFC, and there have been 
studies comparing the efficacy of stimulation of the right DLPFC 
alone with the stimulation of both DLPFC and did not find a signifi-
cant difference in efficacy, which means that we cannot rule out a 
therapeutic modality of treatment using bilateral rTMS.60-62 The right 
DLPFC is the most commonly used stimulation target for rTMS and 
has significant efficacy in improving PTSD symptoms. Stimulation of 
the left DLPFC seems to improve PTSD symptoms, but the improve-
ment of depression is more prominent. Although the way to stimu-
late bilateral DLPFC cannot be ruled out, it can be determined that 
DLPFC as a stimulation target is indeed effective in improving PTSD 
symptoms.

Low-Frequency Repetitive Magnetic Transcranial Stimulation for 
Post-traumatic Stress Disorder
The optimal rTMS frequency for treating patients with PTSD is a hot 
topic of clinical exploration. Grisaru et  al63 set a precedent for the 
use of low-frequency rTMS for the treatment of PTSD by using 0.3 Hz 
low-frequency rTMS to stimulate 10 patients with PTSD and found 
that the subjects’ PTSD symptoms had improved at the end of the 
stimulation. Thereafter, Nam et al64 included 18 subjects with PTSD 
who were randomly assigned to the 1 Hz low-frequency rTMS group 
and the sham-operated group, and after 3 weeks of stimulation, 
they found that patients in the low-frequency rTMS group showed 
a significant improvement in PTSD symptoms compared with the 
sham-operated group. However, Osuch et al65 randomized patients 
with PTSD into a 1 Hz rTMS group and a sham treatment group, and 
did not find that the low-frequency rTMS group had improved symp-
toms compared to the sham treatment group.65

The efficacy of low-frequency rTMS appears to be useful, but the 
number of available studies is small, the quality of the evidence is 

low, and more research is needed to demonstrate the efficacy of low-
frequency rTMS in reducing PTSD symptoms (Table 1).

High-Frequency Repetitive Magnetic Transcranial Stimulation for 
Post-traumatic Stress Disorder
Studies of high-frequency rTMS have focused on 5 Hz, 10 Hz, and 20 
Hz. Morris et  al66 found an improvement in both PTSD and depres-
sive symptoms in patients with PTSD comorbid with major depres-
sive disorder after rTMS treatment at 5 Hz. This is consistent with the 
findings of Philip’s study.67 Leong et al68 recruited 31 civilian patients 
with PTSD and randomized them to 1 Hz rTMS stimulation and 10 Hz 
rTMS stimulation. After 2 weeks of continuous treatment, the low-
frequency stimulation group significantly improved PTSD symptoms, 
and the high-frequency stimulation group showed an improvement 
in depressive symptoms, but the improvement in PTSD symptoms was 
unclear. In a randomized controlled trial by Kozel et al,69 veterans with 
PTSD were randomly assigned to a 1 Hz rTMS group versus a 10 Hz 
rTMS group. At the end of the treatment, PTSD and depression scores 
improved in both groups, but efficacy did not show a significant dif-
ference between the 2 groups. In a double-blind, placebo-controlled 
phase II trial, 30 patients with PTSD were randomly assigned to receive 
either active 20-Hz rTMS of the right DLPFC, active 20-Hz rTMS of the 
left DLPFC, or sham rTMS. The treatment results showed that 20-Hz 
rTMS of both the right and left DLPFC significantly reduced PTSD 
symptoms, but the effect of right rTMS was greater than left rTMS59 
(Table 2). Both meta-analyses showed that both high-frequency and 
low-frequency rTMS improved PTSD symptoms, and the improve-
ment was more pronounced with high-frequency rTMS.62,70

High-frequency rTMS demonstrates better therapeutic effects com-
pared to low-frequency rTMS, with no significant difference in the 
likelihood of adverse reactions between the 2. However, the out-
comes of PTSD symptom improvement are inconsistent, and stimu-
lation frequency remains a variable that needs to be discussed.

Theta Burst Stimulation for Post-traumatic Stress Disorder
Theta burst stimulation is often considered a mode of rTMS that 
delivers very high-frequency stimulation over a short period of time 
and is generally categorized as intermittent TBS (iTBS) and continu-
ous TBS (cTBS). Philip et  al71 included 50 veterans with PTSD and 
randomly assigned them to the sham stimulation group and the 

Table 1.  Low-Frequency Repetitive Magnetic Transcranial Stimulation for Post-traumatic Stress Disorder

Study
Sample 

Size
Brain 

Target
Stimulation 
Frequency Stimulation Time Outcome Measure Adverse Events

Grisaru 
et al 
(1988)63

10 Bilateral 
motor

0.3 Hz One session of slow TMS with 
30 pulses of 1 m/s each, 15 to 
each side of the motor cortex.

IES:
Pre 2.77 (1.25);
Post 2.21 (1.18) (Improvement 20.2%)
SCL-90:
Pre 2.1 (0.94);
Post 1.85 (0.68) (Improvement 11.9%)

1. Headache:
n = 1 (10%)
2. Increase in 
intrusive thoughts:
n = 1 (10%)

Nam et al 
(2013)64

16 Right 
DLPFC

1 Hz 1200 pulses/session, 5 
sessions/week, 15 sessions in 
total

All CAPS scores increased significantly 1. Headache: n = 3 
(42.9%)
2. Dizzy: n = 1 (14.3%)

Osuch 
et al 
(2009)65

9 Right 
DLPFC

1 Hz 1800 pulses/session, 3-5 
sessions/week, 20 sessions in 
total

CAPS:
CAPS (intrusion) - 0.22 (Improvement 31%)
CAPS (avoidance) - 0.33 (Improvement 62%)
CAPS (hyperarousal) - 1.00 (Improvement 55%)

No adverse events 
or serious adverse 
events

CAPS, The Clinician Administered PTSD Scale; DLPFC, dorsolateral prefrontal cortex; IES, Impact of Event Scale; PTSD, post-traumatic stress disorder; rTMS, repetitive Mag-
netic Transcranial Stimulation; SCL-90, symptom checklist 90.
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iTBS group, with 9.6 minutes of treatment per day for 10 working 
days before all participants received an additional 10 non-blinded 
sessions of iTBS, which resulted in a 19.4% improvement in CAPS 
scores and a 28.1% improvement in PCL scores after 2 weeks of 
treatment. Nursey et al72 administered bilateral DLPFC iTBS to 8 sub-
jects, treating them 5 times per week for 4 weeks, and all subjects 
showed improvement in PTSD symptoms and a 21.9% improvement 
in CAPS-5 scores. A retrospective study demonstrated that bilateral 
TBS administered to patients with PTSD comorbid with refractory 
depression significantly improved the patients’ PTSD symptoms.73 
Chang et al74 reported a case of bilateral TBS in which they admin-
istered both right cTBS and left iTBS to a 25-year-old female patient 
with PTSD co-morbid refractory depression, and at the end of the 
stimulation, left iTBS was administered again at 20-minute intervals, 
and after 10 days of treatment, they found that the symptoms of 
PTSD had improved significantly, with a 32.3% improvement in DTS 
scores74 (Table 3).

Theta burst stimulation may represent a novel form of rTMS for treat-
ing PTSD, achieving similar therapeutic effects to high-frequency 
rTMS in a short period. Additionally, it can significantly improve 
depressive symptoms in patients. However, due to the high fre-
quency of stimulation in TBS, there may be a slightly higher prob-
ability of adverse reactions compared to traditional high-frequency 

rTMS. In the future, larger sample sizes, randomized, double-blind, 
and placebo-controlled trials are necessary to validate our research 
findings.

Combination Therapy for Post-traumatic Stress Disorder
Several studies have used rTMS in combination with other therapies 
for patients with PTSD in an attempt to discover if there is better 
efficacy. Kozel et al75 randomly assigned 103 subjects with PTSD to 
the cognitive processing therapy + rTMS group and the cognitive 
processing therapy + sham stimulation group, and at the end of 
the treatment, they found that the combination of cognitive pro-
cessing therapy and rTMS significantly improved PTSD symptoms 
early on in the treatment and persisted until 6 months after the end 
of treatment. Both Osuch’s crossover-controlled trial and Fryml’s 
randomized double-blind controlled trial demonstrated that rTMS 
combined with exposure therapy is feasible and effective in treat-
ing patients with PTSD, but because of the small sample sizes, both 
studies indicated that larger samples were needed for validation 
(Table 4).65,76

Combining psychotherapy appears to be safe and feasible and may 
even be more effective than using rTMS alone. However, psycho-
therapy also requires individualized planning, posing significant 
challenges for researchers. Moreover, overstimulation may lead to 

Table 2.  High-Frequency Repetitive Magnetic Transcranial Stimulation for Post-traumatic Stress Disorder

Study
Sample 

Size
Brain 

Target
Stimulation 
Frequency Stimulation Time Outcome Measure Adverse Events

Morris 
et al 
(2013)66

23 Right 
DLPFC

5 Hz 3000-4000 pulses/
session, 1 session/day, 
no more than 40 sessions

Mean decrease in PCL-5 score of 39.0 % Not mentioned

Philip 
et al 
(2017)67

40 Left 
DLPFC

5 Hz 40 daily sessions 
followed by a 5-session 
taper

PCL-5:
Pre 52.2 (13.1);
Post 34.0 (21.6) (Improvement 34.6%)

Not mentioned

Leong 
et al 
(2020)68

31 Right 
DLPFC

1 Hz (n = 11)
10 Hz (n = 10)
Sham (n = 10)

1 Hz group: 2250 pulses/
session, 5 sessions/week, 
10 sessions in total;
10 Hz group: 3000 
pulses/session, 5 
sessions/week, 10 
sessions in total

CAPS-5:
Pre 1 Hz 72.27 (25.34); 10Hz 69.44 (18.29);
Post 1 Hz 59.80 (35.83); 10 Hz 74.00 (30.97) 
(1 Hz Improvement 17.3%; 10 Hz 
Reduction of 6.6%)
PCL-C:
Pre 1 Hz 59.40 (16.44); 10 Hz 65.33 (11.40);
Post 1 Hz 48.10 (23.54); 10Hz 53.44 (22.80)
(1 Hz Improvement 19.0%; 10 Hz 
Improvement 18.2%)

1.Suicidal ideation:
1 Hz group n = 1 (9%)

Kozel 
et al 
(2019)69

35 Right 
DLPFC

1 Hz (n = 17)
10 Hz (n = 18)

1 Hz group: 2400 pulses/
session, 5 sessions/week, 
36 sessions in total;
10 Hz group: 3000 
pulses/session, 5 
sessions/week, 10 
sessions in total

CAPS-5:
Pre 1 Hz 48 (11); 10 Hz 48 (13); 
Post 1 Hz 39 (18); 10 Hz 40 (21)
(1 Hz Improvement 18.8%; 10 Hz 
Improvement 16.7%)
PCL-5:
Pre 1 Hz 59 (8.3); 10 Hz 60 (8.9);
 Post 1 Hz 42 (19); 10 Hz 38 (21)
(1 Hz Improvement 28.8%; 10 Hz 
Improvement 36.7%);

•	 1.Headache:1 Hz group 
n = 8* (47%); 10 Hz 
group n = 7 (39%)

2.Localized pain during 
treatment:
1 Hz group n = 1 (6%);10 
Hz group n = 2 (11%)
3. Discontinuation of 
treatment due to side 
effects:
1 Hz group n = (0%); 10 Hz 
group n = 2 (11%)

Boggio 
et al 
(2010)

30 Left DLPFC 
or Right 
DLPFC

20 Hz 1800 pulses/session, 
5 sessions/week, 10 
session in total

Induced a significant decrease in PTSD 
symptoms as indexed by the PTSD Checklist 
and Treatment Outcome PTSD Scale

Not mentioned

CAPS-5, The Clinician Administered PTSD Scale-5; DLPFC, dorsolateral prefrontal cortex; PCL-5, PCL-C, PTSD checklist-C; PTSD checklist-5; PTSD, post-traumatic stress dis-
order; rTMS, repetitive Magnetic Transcranial Stimulation. 
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retraumatization. Whether to combine psychotherapy and the spe-
cific approach to combined psychotherapy remains a variable worth 
exploring.

Safety and Adverse Reactions
Most studies have demonstrated positive effects of rTMS in the 
treatment of patients with PTSD, but its safety remains a concern. 
Wasserman77 recommended a guideline based on the side effects 

associated with rTMS, including seizures, headaches, scalp pain, 
effects on hearing, and effects on mood. This guideline addresses 
ethical and legal considerations, selection of safe and appropri-
ate stimulation parameters, physiologic monitoring of data, and 
contraindications to rTMS, following specific criteria for frequency, 
intensity, duration, and repetitive pulse parameters based on motor-
evoked potentials to maintain safety and efficacy, and is the most 
widely used guideline available.

Table 3.  Theta Burst Stimulation for Post-traumatic Stress Disorder

Study
Sample 

Size
Brain 

Target
Stimulation 
Frequency Stimulation Time Outcome Measure Adverse Events

Philip 
et al 
(2019)71

25 Right 
DLPFC

iTBs 1800 pulses/session, 5 sessions/
week, 10 sessions in total

CAPS-5:
Active 47.9-38.6 (Improvement 
19.4%); Sham 47.4-39.4
PCL-5:
Active 49.4-35.5 (Improvement 
28.1%); Sham 50.0-39.4

1.Headache:
n = 6 (24%)

Nursey 
et al 
(2020)72

8 Bilateral 
DLPFC

iTBS 600 pulses/session, 5 sessions/
week, 20 sessions in total

CAPS-5:
Pre 47.38 (6.16);
Post 37 (9.04) (Improvement 
21.9%)

1.Mild-to-moderate site-specific 
cranial pain:
n = 2 (25%)
2.Headaches during stimulation:
n = 3 (37.5%)

Vaithian 
et al 
(2022)73

8 Bilateral 
DLPFC

Right cTBS
Left iTBS

Right cTBS 603 pulses/session 
while left iTBS 600 pulses/session 
for a total of 19-30 sessions over 
4-6 weeks

PCL-5:
Pre 43.5 (18.57); 
Post 29.8 (18.3) (Improvement 
31.5%)

Muscle contractions, pain/
discomfort, scalp irritation, and 
systolic blood pressure changes

Chang 
et al 
(2023)74

1 Bilateral 
DLPFC

Right cTBS
Left iTBS

600 pulses of right cTBS followed 
by 600 pulses of left iTBS, with 
a 20-minute rest, followed by 
600 pulses of left iTBS again,30 
sessions in total in 4 weeks.

DTS:
62-42 (Improvement 32.3%)

Dizziness or headaches

cTBS, continuous TBS; DLPFC, dorsolateral prefrontal cortex; iTBS, intermittent TBS; PTSD, post-traumatic stress disorder; TBS, theta burst stimulation.

Table 4.  Combination Therapy for Post-Traumatic Stress Disorder

Study
Sample 

Size
Brain 

Target
Stimulation 
Frequency

Stimulation 
Time Outcome Measure

Adverse 
Events

Osuch 
et al 
(2009)65

9 Right 
DLPFC

1 Hz rTMS 
combined with 
exposure 
therapy

1800 pulses/
session, 3-5 
sessions/week, 
20 sessions in 
total

Treatment post-baseline score for each condition (improvement 
rate):
Active:
CAPS (intrusion) - 0.22 (Improvement 31%);
CAPS (avoidance) - 0.33 (Improvement 62%);
CAPS (hyperarousal) - 1.00 (Improvement 55%);
IES (Avoidance) 0.44 (Improvement 137%);
IES (Intrusion) 1.44 (Improvement 150%)
Sham:
CAPS (intrusion)—0.19
CAPS (avoidance)—0.72
CAPS (hyperarousal)—0.09
IES (Avoidance)—0.00
IES (Intrusion)—0.78

No adverse 
events or 
serious 
adverse events

Kozel 
et al 
(2022)75

103 Right 
DLPFC

1 Hz rTMS 
combined with 
cognitive 
processing 
therapy

1800 pulses/
session, 12-15 
sessions in total

CAPS:
pre-active 75.02 (2.05), sham 73.06 (3.08);
post-active 32.91 (3.55) (improvement 56.1%), sham 37.57 (3.64)
PCL-5:
Pre-active 56.26 (1.65), sham 52.81 (1.75);
Post-active 35.02 (1.97) (improvement 37.8%), sham 37.29 (2.00)

No adverse 
events or 
serious 
adverse events

Fryml 
et al 
(2019)76

8 Left or 
right 
DLPFC

10 Hz rTMS 
combined 
with exposure 
therapy

6000 pulses/
session, 1 
session/week, 5 
sessions in total

CAPS (improvement rate):
Active (improvement 55%); sham (improvement 40%)

No adverse 
events or 
serious 
adverse events

DLPFC, dorsolateral prefrontal cortex; PTSD, post-traumatic stress disorder; rTMS, repetitive magnetic transcranial stimulation. 
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The 3 main adverse effects when treating patients with PTSD are 
headache, malaise, and somatic symptoms such as neck pain, diz-
ziness, and to a lesser extent also scalp pain, hearing impairment, 
and mood effects, but all are mild and transient.62,78,79 A very small 
number of patients may also be suicidal, but their flu-like symp-
toms prior to treatment may not be related to rTMS.68 There have 
also been studies reporting that rTMS induces epilepsy, but the 
number is extremely small.17,45 The probability of adverse effects 
in low-frequency rTMS studies is generally less than that of high-
frequency rTMS, but the exact mechanism is unclear and may be 
related to the stimulation parameters of rTMS. TBS exhibits efficacy 
similar to high-frequency rTMS, with a shorter duration and signifi-
cant improvement in depressive symptoms. However, it carries a 
slightly higher risk of adverse reactions than traditional high-fre-
quency rTMS. There have been no reports of severe adverse events 
associated with existing combined treatment regimens. In sum-
mary, rTMS is a safe, non-invasive stimulation method that shows 
promising efficacy in improving core symptoms of PTSD, and holds 
great potential to become a formal treatment modality for PTSD.

Conclusion

Currently, rTMS has been demonstrated by multiple studies to 
improve PTSD symptoms.62,80 This review updates the latest evidence 
based on existing research and adds content on bilateral sequen-
tial TBS and combined therapy for PTSD. Compared to conventional 
medication and psychological intervention therapies, the advantages 
of using rTMS lie in its high compliance and low cost, allowing for 
symptom improvement within a relatively short period. The disadvan-
tages include the potential risk of inducing seizures, although this is an 
extremely rare occurrence. Additionally, there is a significant challenge 
for researchers in adjusting personalized stimulation parameters for 
patients. High-frequency rTMS demonstrates better therapeutic 
effects compared to low-frequency rTMS, with no significant differ-
ence in the likelihood of adverse reactions between the 2. Theta burst 
stimulation exhibits efficacy similar to high-frequency rTMS, with a 
shorter duration and significant improvement in depressive symp-
toms. However, it carries a slightly higher risk of adverse reactions than 
traditional high-frequency rTMS. Combining rTMS with psychological 
therapy seems to more effectively improve PTSD symptoms, with early 
onset of effects and longer duration. However, this approach is associ-
ated with higher costs and requires individualized patient control.

Despite these promising findings, the pathophysiology of PTSD and 
the mechanisms underlying the improvement of PTSD symptoms by 
rTMS remain subjects of discussion. Existing studies suffer from small 
sample sizes and variations in outcome measures assessing treat-
ment efficacy. Further research is warranted to bolster our assertions.

Availability of Data and Materials: Data generated and/or analyzed in the 
research report can be requested from the corresponding authors.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – J.L., Q.X., Y.X., Y.W.; Design – J.L., Q.X., C.Z., Y.X., 
Y.W.; Supervision – Y.L., X.C., Y.X., Y.W.; Resources – Y.W.; Materials – J.L., C.Z., X.C., 
Y.X., Y.W.; Data Collection and/or Processing – J.L., Q.X., C.Z., Y.L., X.C., Y.X., Y.W.; 
Analysis and/or Interpretation – J.L., Q.X., C.Z., Y.L., Y.X., Y.W.; Literature Search – 
J.L., Q.X., Y.L., X.C.; Writing – J.L., Q.X., C.Z., Y.L., Y.X.; Critical Review – X.C., Y.X., Y.W.

Acknowledge: Not applicable.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: This work was supported by Research Development Project of Affiliated 
Hospital of North Sichuan Medical College in 2023 (2023JC007), Research 
Development Project of North Sichuan Medical College in 2022 (CBY22-QNA45), 
Projects of Sichuan Primary Health Care Development Research Center 
(SWFZ22-Y-41) and Research Development Project of Nan Chong City Federation 
of Social Sciences (NC24B032).

References

1.	 Koenen KC, Ratanatharathorn A, Ng L, et al. Posttraumatic stress disorder 
in the World Mental Health Surveys. Psychol Med. 2017;47(13):2260-2274. 
[CrossRef]

2.	 Lewis  SJ, Arseneault  L, Caspi  A, et  al. The epidemiology of trauma and 
post-traumatic stress disorder in a representative cohort of young people 
in England and Wales. Lancet Psychiatry. 2019;6(3):247-256. [CrossRef]

3.	 Hoppen TH, Priebe S, Vetter I, Morina N. Global burden of post-traumatic 
stress disorder and major depression in countries affected by war 
between 1989 and 2019: a systematic review and meta-analysis. BMJ 
Glob Health. 2021;6(7):e006303. [CrossRef]

4.	 Cuijpers  P, Van Straten  A, Warmerdam  L, Andersson  G. Psychotherapy 
versus the combination of psychotherapy and pharmacotherapy in the 
treatment of depression: a meta-analysis. Depress Anxiety. 2009;26(3):279-
288. [CrossRef]

5.	 Batelaan NM, Bosman RC, Muntingh A, Scholten WD, Huijbregts KM, Van 
Balkom  AJLM. Risk of relapse after antidepressant discontinuation in 
anxiety disorders, obsessive-compulsive disorder, and post-traumatic 
stress disorder: systematic review and meta-analysis of relapse preven-
tion trials. BMJ. 2017;358:j3927. [CrossRef]

6.	 Williams  T, Phillips  NJ, Stein  DJ, Ipser  JC. Pharmacotherapy for  
post traumatic stress disorder (PTSD). Cochrane Common Mental Disorders 
Group. Cochrane Database Syst Rev. 2022;2022(3):CD002795. [CrossRef]

7.	 Hoppen TH, Jehn M, Holling H, Mutz J, Kip A, Morina N. The efficacy and 
acceptability of psychological interventions for adult PTSD: A network 
and pairwise meta-analysis of randomized controlled trials. J Consult Clin 
Psychol. 2023;91(8):445-461. [CrossRef]

8.	 Hoppen TH, Morina N. Psychological interventions for adult post-trau-
matic stress disorder are effective irrespective of concurrent psycho-
tropic medication intake: A meta-analysis of randomized controlled tri-
als. Psychother Psychosom. 2023;92(1):27-37. [CrossRef]

9.	 Sloan  DM, Marx  BP, Acierno  R, et  al. Written exposure therapy vs pro-
longed exposure therapy in the treatment of posttraumatic stress disor-
der: A randomized clinical trial. JAMA Psychiatry. 2023;80(11):1093-1100. 
[CrossRef]

10.	 De Haan A, Meiser-Stedman R, Landolt MA, et al. Efficacy and modera-
tors of efficacy of cognitive behavioural therapies with a trauma focus 
in children and adolescents: an individual participant data meta-analysis 
of randomised trials. Lancet Child Adolesc Health. 2024;8(1):28-39. 
[CrossRef]

11.	 Li J, Cao X, Liu S, Li X, Xu Y. Efficacy of repetitive transcranial magnetic 
stimulation on auditory hallucinations in schizophrenia: A meta-analysis. 
Psychiatry Res. 2020;290:113141. [CrossRef]

12.	 Xie  Y-L, Wang  S, Jia  J-M, et  al. Transcranial magnetic stimulation for 
improving dysphagia after stroke: A meta-analysis of randomized con-
trolled trials. Front Neurosci. 2022;16:854219. [CrossRef]

13.	 Xie  YL, Li  W, Wang  S, et  al. Improvement of post-stroke dysphagia by 
intermittent theta burst stimulation. acupunct electrother res. 
2022;47(3):303-313. [CrossRef]

14.	 Brini S, Brudasca NI, Hodkinson A, et al. Efficacy and safety of transcranial 
magnetic stimulation for treating major depressive disorder: an umbrella 
review and re-analysis of published meta-analyses of randomised con-
trolled trials. Clin Psychol Rev. 2023;100:102236. [CrossRef]



Lin et al. Advances in rTMS for the Treatment of PTSD� Alpha Psychiatry 2024;25(4):440-448

447

15.	 Rossi S, Hallett M, Rossini PM, Pascual-Leone A, Safety of TMS Consensus 
Group. Safety, ethical considerations, and application guidelines for the 
use of transcranial magnetic stimulation in clinical practice and research. 
Clin Neurophysiol. 2009;120(12):2008-2039. [CrossRef]

16.	 Valero-Cabré A, Amengual JL, Stengel C, Pascual-Leone A, Coubard OA. 
Transcranial magnetic stimulation in basic and clinical neuroscience: A 
comprehensive review of fundamental principles and novel insights. 
Neurosci Biobehav Rev. 2017;83:381-404. [CrossRef]

17.	 Iglesias AH. Transcranial magnetic stimulation as treatment in multiple 
neurologic conditions. Curr Neurol Neurosci Rep. 2020;20(1):1. 
[CrossRef]

18.	 Henigsberg N, Kalember P, Petrović ZK, Šečić A. Neuroimaging research 
in posttraumatic stress disorder – focus on amygdala, hippocampus and 
prefrontal cortex. Prog Neuropsychopharmacol Biol Psychiatry. 2019;90:37-
42. [CrossRef]

19.	 Zhang X, Kim J, Tonegawa S. Amygdala reward neurons form and store 
fear extinction memory. Neuron. 2020;105(6):1077-1093.e7. [CrossRef]

20.	 Zhang L, Lu L, Bu X, et al. Alterations in hippocampal subfield and amyg-
dala subregion volumes in posttraumatic subjects with and without 
posttraumatic stress disorder. Hum Brain Mapp. 2021;42(7):2147-2158. 
[CrossRef]

21.	 Veer  IM, Oei  NYL, Van Buchem  MA, Spinhoven  P, Elzinga  BM, Rom-
bouts SARB. Evidence for smaller right amygdala volumes in posttrau-
matic stress disorder following childhood trauma. Psychiatry Res. 
2015;233(3):436-442. [CrossRef]

22.	 Morey  RA, Clarke  EK, Haswell  CC, et  al. Amygdala nuclei volume and 
shape in military veterans with posttraumatic stress disorder. Biol Psy-
chiatry Cogn Neurosci Neuroimaging. 2020;5(3):281-290. [CrossRef]

23.	 Andrewes DG, Jenkins LM. The role of the amygdala and the ventrome-
dial prefrontal cortex in emotional regulation: implications for post-
traumatic stress disorder. Neuropsychol Rev. 2019;29(2):220-243. 
[CrossRef]

24.	 Mehta ND, Stevens JS, Li Z, et al. Inflammation, amygdala-ventromedial 
prefrontal functional connectivity and symptoms of anxiety and PTSD 
in African American women recruited from an inner-city hospital: pre-
liminary results. Brain Behav Immun. 2022;105:122-130. [CrossRef]

25.	 Yang  J, Huggins  AA, Sun  D, et  al. Examining the association between 
posttraumatic stress disorder and disruptions in cortical networks  
identified using data-driven methods. Neuro​psych​ophar​macol​ogy. 
2024;49(3):609-619. [CrossRef]

26.	 Traina  G, Tuszynski  JA. The neurotransmission basis of post-traumatic 
stress disorders by the fear conditioning paradigm. Int J Mol Sci. 
2023;24(22):16327. [CrossRef]

27.	 Cobb  AR, Rubin  M, Stote  DL, et  al. Hippocampal volume and volume 
asymmetry prospectively predict PTSD symptom emergence among 
Iraq-deployed soldiers. Psychol Med. 2023;53(5):1906-1913. [CrossRef]

28.	 Yun JY, Jin MJ, Kim S, Lee SH. Stress-related cognitive style is related to 
volumetric change of the hippocampus and FK506 binding protein 5 
polymorphism in post-traumatic stress disorder. Psychol Med. 
2022;52(7):1243-1254. [CrossRef]

29.	 Postel  C, Viard  A, André  C, et  al. Hippocampal subfields alterations in 
adolescents with post-traumatic stress disorder. Hum Brain Mapp. 
2019;40(4):1244-1252. [CrossRef]

30.	 Postel C, Mary A, Dayan J, et al. Variations in response to trauma and hip-
pocampal subfield changes. Neurobiol Stress. 2021;15:100346. [CrossRef]

31.	 Akiki TJ, Averill CL, Abdallah CG. A network-based neurobiological model 
of PTSD: evidence from structural and functional neuroimaging studies. 
Curr Psychiatry Rep. 2017;19(11):81. [CrossRef]

32.	 Akiki TJ, Averill CL, Wrocklage KM, et al. Default mode network abnor-
malities in posttraumatic stress disorder: A novel network-restricted 
topology approach. NeuroImage. 2018;176:489-498. [CrossRef]

33.	 Berg  H, Ma  Y, Rueter  A, et  al. Salience and central executive networks 
track overgeneralization of conditioned-fear in post-traumatic stress 
disorder. Psychol Med. 2021;51(15):2610-2619. [CrossRef]

34.	 Szeszko  PR, Yehuda  R. Magnetic resonance imaging predictors of psy-
chotherapy treatment response in post-traumatic stress disorder: A role 
for the salience network. Psychiatry Res. 2019;277:52-57. [CrossRef]

35.	 Bao W, Gao Y, Cao L, et al. Alterations in large-scale functional networks 
in adult posttraumatic stress disorder: A systematic review and meta-
analysis of resting-state functional connectivity studies. Neurosci Biobe-
hav Rev. 2021;131:1027-1036. [CrossRef]

36.	 Stein MB, Jang KL, Taylor S, Vernon PA, Livesley WJ. Genetic and environ-
mental influences on trauma exposure and posttraumatic stress disorder 
symptoms: A twin study. Am J Psychiatry. 2002;159(10):1675-1681. 
[CrossRef]

37.	 Afifi TO, Asmundson GJG, Taylor S, Jang KL. The role of genes and environ-
ment on trauma exposure and posttraumatic stress disorder symptoms: 
a review of twin studies☆. Clin Psychol Rev. 2010;30(1):101-112. 
[CrossRef]

38.	 Wolf EJ, Miller MW, Sullivan DR, et al. A classical twin study of PTSD symp-
toms and resilience: evidence for a single spectrum of vulnerability to 
traumatic stress. Depress Anxiety. 2018;35(2):132-139. [CrossRef]

39.	 Smoller  JW. The genetics of stress-related disorders: PTSD, depression, 
and anxiety disorders. Neuro​psych​ophar​macol​ogy. 2016;41(1):297-319. 
[CrossRef]

40.	 Logue MW, Amstadter AB, Baker DG, et al. The psychiatric genomics con-
sortium posttraumatic stress disorder workgroup: posttraumatic stress 
disorder enters the age of large-scale genomic collaboration. Neuro​
psych​ophar​macol​ogy. 2015;40(10):2287-2297. [CrossRef]

41.	 Xie P, Kranzler HR, Yang C, Zhao H, Farrer LA, Gelernter J. Genome-wide 
association study identifies new susceptibility loci for posttraumatic 
stress disorder. Biol Psychiatry. 2013;74(9):656-663. [CrossRef]

42.	 Stein MB, Chen CY, Ursano RJ, et al. Genome-wide association studies of 
posttraumatic stress disorder in 2 cohorts of US Army soldiers. JAMA 
Psychiatry. 2016;73(7):695-704. [CrossRef]

43.	 Howie  H, Rijal  CM, Ressler  KJ. A review of epigenetic contributions to 
post-traumatic stress disorder. Dial Clin Neurosci. 2019;21(4):417-428. 
[CrossRef]

44.	 Zannas AS, Provençal N, Binder EB. Epigenetics of posttraumatic stress 
disorder: current evidence, challenges, and future directions. Biol Psy-
chiatry. 2015;78(5):327-335. [CrossRef]

45.	 Yan T, Xie Q, Zheng Z, Zou K, Wang L. Different frequency repetitive tran-
scranial magnetic stimulation (rTMS) for posttraumatic stress disorder 
(PTSD): A systematic review and meta-analysis. J Psychiatr Res. 
2017;89:125-135. [CrossRef]

46.	 Huang YZ, Lu MK, Antal A, et al. Plasticity induced by non-invasive tran-
scranial brain stimulation: A position paper. Clin Neurophysiol. 
2017;128(11):2318-2329. [CrossRef]

47.	 Bear MF, Malenka RC. Synaptic plasticity: LTP and LTD. Curr Opin Neuro-
biol. 1994;4(3):389-399. [CrossRef]

48.	 Lenz M, Platschek S, Priesemann V, et al. Repetitive magnetic stimulation 
induces plasticity of excitatory postsynapses on proximal dendrites of 
cultured mouse CA1 pyramidal neurons. Brain Struct Funct. 
2015;220(6):3323-3337. [CrossRef]

49.	 Vlachos A, Müller-Dahlhaus F, Rosskopp J, Lenz M, Ziemann U, Deller T. 
Repetitive magnetic stimulation induces functional and structural plas-
ticity of excitatory postsynapses in mouse organotypic hippocampal 
slice cultures. J Neurosci. 2012;32(48):17514-17523. [CrossRef]

50.	 Rothwell  JC, Day  BL, Berardelli  A, Marsden  CD. Effects of motor cortex 
stimulation on spinal interneurones in intact man. Exp Brain Res. 
1984;54(2):382-384. [CrossRef]

51.	 Thickbroom GW. Transcranial magnetic stimulation and synaptic plastic-
ity: experimental framework and human models. Exp Brain Res. 
2007;180(4):583-593. [CrossRef]

52.	 Yu-Lei X, Shan W, Ju Y, Yu-Han X, Wu Q, Yin-Xu W. Theta burst stimulation 
versus high-frequency repetitive transcranial magnetic stimulation for 
poststroke dysphagia: A randomized, double-blind, controlled trial. 
Medicine. 2022;101(2):e28576. [CrossRef]



Alpha Psychiatry 2024;25(4):440-448� Lin et al. Advances in rTMS for the Treatment of PTSD

448

53.	 Aydin-Abidin S, Trippe J, Funke K, Eysel UT, Benali A. High- and low-fre-
quency repetitive transcranial magnetic stimulation differentially acti-
vates c-Fos and zif268 protein expression in the rat brain. Exp Brain Res. 
2008;188(2):249-261. [CrossRef]

54.	 Moretti J, Terstege DJ, Poh EZ, Epp JR, Rodger J. Low intensity repetitive 
transcranial magnetic stimulation modulates brain-wide functional con-
nectivity to promote anti-correlated c-Fos expression. Sci Rep. 
2022;12(1):20571. [CrossRef]

55.	 Weiler  M, Stieger  KC, Shroff  K, et  al. Transcriptional changes in the rat 
brain induced by repetitive transcranial magnetic stimulation. Front Hum 
Neurosci. 2023;17:1215291. [CrossRef]

56.	 Etiévant A, Manta S, Latapy C, Magno LAV, Fecteau S, Beaulieu JM. Repet-
itive transcranial magnetic stimulation induces long-lasting changes in 
protein expression and histone acetylation. Sci Rep. 2015;5(1):16873. 
[CrossRef]

57.	 Rubens MT, Zanto TP. Parameterization of transcranial magnetic stimula-
tion. J Neurophysiol. 2012;107(5):1257-1259. [CrossRef]

58.	 Wolf EJ, Sadeh N, Leritz EC, et al. Posttraumatic stress disorder as a cata-
lyst for the association between metabolic syndrome and reduced corti-
cal thickness. Biol Psychiatry. 2016;80(5):363-371. [CrossRef]

59.	 Boggio  PS, Rocha  M, Oliveira  MO, et  al. Noninvasive brain stimulation 
with high-frequency and low-intensity repetitive transcranial magnetic 
stimulation treatment for posttraumatic stress disorder. J Clin Psychiatry. 
2010;71(8):992-999. [CrossRef]

60.	 Berlim  MT, Van Den Eynde  F. Repetitive transcranial magnetic stimula-
tion over the dorsolateral prefrontal cortex for treating posttraumatic 
stress disorder: an exploratory meta-analysis of randomized, double-
blind and sham-controlled trials. Can J Psychiatry. 2014;59(9):487-496. 
[CrossRef]

61.	 Ahmadizadeh  MJ, Rezaei  M. Unilateral right and bilateral dorsolateral 
prefrontal cortex transcranial magnetic stimulation in treatment post-
traumatic stress disorder: A randomized controlled study. Brain Res Bull. 
2018;140:334-340. [CrossRef]

62.	 Belsher BE, Beech EH, Reddy MK, et al. Advances in repetitive transcranial 
magnetic stimulation for posttraumatic stress disorder: A systematic 
review. J Psychiatr Res. 2021;138:598-606. [CrossRef]

63.	 Grisaru  N, Amir  M, Cohen  H, Kaplan  Z. Effect of transcranial magnetic 
stimulation in posttraumatic stress disorder: a preliminary study. Biol 
Psychiatry. 1998;44(1):52-55. [CrossRef]

64.	 Nam DH, Pae CU, Chae JH. Low-frequency, repetitive transcranial mag-
netic stimulation for the treatment of patients with posttraumatic stress 
disorder: a double-blind, sham-controlled study. Clin Psychopharmacol 
Neurosci. 2013;11(2):96-102. [CrossRef]

65.	 Osuch EA, Benson BE, Luckenbaugh DA, Geraci M, Post RM, McCann U. 
Repetitive TMS combined with exposure therapy for PTSD: A preliminary 
study. J Anxiety Disord. 2009;23(1):54-59. [CrossRef]

66.	 Morris AT, Temereanca S, Zandvakili A, et al. Fronto-central resting-state 
15-29 Hz transient beta events change with therapeutic transcranial 
magnetic stimulation for posttraumatic stress disorder and major 
depressive disorder. Sci Rep. 2023;13(1):6366. [CrossRef]

67.	 Philip N, Conelea C, Yip A, et al. 170. 5 Hz repetitive transcranial mag-
netic stimulation for posttraumatic stress disorder comorbid with 

major depressive disorder. Biol Psychiatry. 2017;81(10):S70-S71. 
[CrossRef]

68.	 Leong  K, Chan  P, Ong  L, et  al. A Randomized Sham-controlled Trial of 
1-Hz and 10-Hz repetitive transcranial magnetic stimulation (rTMS) of 
the Right dorsolateral Prefrontal Cortex in Civilian Post-traumatic Stress 
Disorder: un essai randomisé contrôlé simulé de stimulation magné-
tique transcrânienne repetitive (SMTr) de 1 Hz et 10 Hz du cortex pré-
frontal dorsolatéral droit dans le trouble de stress post-traumatique chez 
des civils. Can J Psychiatry. 2020;65(11):770-778. [CrossRef]

69.	 Kozel FA, Van Trees K, Larson V, et al. One hertz versus ten hertz repetitive 
TMS treatment of PTSD: A randomized clinical trial. Psychiatry Res. 
2019;273:153-162. [CrossRef]

70.	 Xu G, Li G, Yang Q, Li C, Liu C. Explore the durability of repetitive tran-
scranial magnetic stimulation in treating post-traumatic stress disorder: 
an updated systematic review and meta-analysis. Stress Health. 
2024;40(1):e3292. [CrossRef]

71.	 Philip  NS, Barredo  J, Aiken  E, et  al. Theta-burst transcranial magnetic 
stimulation for posttraumatic stress disorder. Am J Psychiatry. 
2019;176(11):939-948. [CrossRef]

72.	 Nursey J, Sbisa A, Knight H, et al. Exploring theta burst stimulation for 
post-traumatic stress disorder in Australian veterans—A pilot study. Mil 
Med. 2020;185(9-10):e1770-e1778. [CrossRef]

73.	 Vaithianathan T, Blair M, Soares V, et al. Bilateral sequential theta burst 
stimulation in depressed veterans with service related posttraumatic 
stress disorder: a feasibility study. BMC Psychiatry. 2022;22(1):81. 
[CrossRef]

74.	 Chang CH, Liu CY, Chen SJ, Tsai HC. Accelerated theta-burst transcranial 
magnetic stimulation of the bilateral dorsolateral prefrontal cortex in a 
patient with post-traumatic stress disorder and major depressive disor-
der: case report. Front Psychiatry. 2023;14:1061088. [CrossRef]

75.	 Kozel FA, Motes MA, Didehbani N, et al. Repetitive TMS to augment cog-
nitive processing therapy in combat veterans of recent conflicts with 
PTSD: A randomized clinical trial. J Affect Disord. 2018;229:506-514. 
[CrossRef]

76.	 Fryml LD, Pelic CG, Acierno R, et al. Exposure therapy and simultaneous 
repetitive transcranial magnetic stimulation: A controlled pilot trial for 
the treatment of posttraumatic stress disorder. J ECT. 2019;35(1):53-60. 
[CrossRef]

77.	 Wassermann  EM. Risk and safety of repetitive transcranial magnetic 
stimulation: report and suggested guidelines from the International 
Workshop on the Safety of Repetitive transcranial Magnetic Stimulation, 
June 5-7, 1996. Electroencephalogr Clin Neurophysiol. 1998;108(1):1-16. 
[CrossRef]

78.	 Harris  A, Reece  J. Transcranial magnetic stimulation as a treatment for 
posttraumatic stress disorder: A meta-analysis. J Affect Disord. 
2021;289:55-65. [CrossRef]

79.	 Edinoff AN, Hegefeld TL, Petersen M, et al. Transcranial magnetic stimula-
tion for post-traumatic stress disorder. Front Psychiatry. 2022;13:701348. 
[CrossRef]

80.	 Cheng P, Zhou Y, Xu LZ, et al. Clinical application of repetitive transcranial 
magnetic stimulation for post-traumatic stress disorder: A literature 
review. World J Clin Cases. 2021;9(29):8658-8665. [CrossRef]


