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Introduction: Repetitive transcranial magnetic stimulation (rTMS) is an effective 
non-invasive cortical stimulation technique in the treatment of neuropathic 
pain. As a new rTMS technique, intermittent theta burst stimulation (iTBS) is also 
effective at relieving pain. We aimed to establish the pain-relieving effectiveness of 
different modalities on neuropathic pain. The study was conducted in individuals 
with spinal cord injury (SCI) and different modalities of rTMS.

Methods: Thirty-seven individuals with SCI were randomly allocated to three 
groups, in which the “iTBS” group received iTBS, the “rTMS” group received 10 Hz 
rTMS, and the “iTBS + rTMS” group received iTBS and 10 Hz rTMS successively of 
the primary motor cortex 5 days a week for 4 weeks, and they all underwent the full 
procedures. The primary outcome measure was change in the visual analog scale 
(VAS), and the secondary outcomes were measured using the Hamilton Rating 
Scale for Depression (HAM-D) and the Pittsburgh Sleep Quality Index (PSQI). All 
the outcomes were evaluated at 1 day before stimulation (baseline), 1 day after the 
first week of stimulation (S1), and 1 day after the last stimulation (S2).

Results: The VAS scores showed significant pain improvement after 4  weeks 
of stimulation (p = 0.0396, p = 0.0396, and p = 0.0309, respectively) but not after 
1  week of stimulation. HAM-D scores declined, but the decreases were not 
significant until 4 weeks later (p = 0.0444, p = 0.0315, and p = 0.0447, respectively). 
PSQI scores were also significantly decreased after 4  weeks of stimulation 
(p = 0.0446, p = 0.0244, and p = 0.0088, respectively). Comparing the three 
modalities, VAS, HAM-D, and PSQI scores at S1 showed no differences, and, at 
S2, VAS scores showed significant differences (p = 0.0120; multiple comparisons 
showed significant differences between iTBS and iTBS + rTMS, p = 0.0091), while 
the HAM-D and PSQI scores showed no differences.

Discussion: The primary and secondary outcomes all showed significant 
improvement, indicating that the three different modalities were all effective 
at relieving the pain. However, not all the three stimulations were of same 
effectiveness after treatment; there were statistical differences in the treatment of 
neuropathic pain between iTBS as a priming stimulus and as a single procedure.
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Introduction

Spinal cord injury (SCI) frequently leads to neuropathic pain. It is 
reported that 81% of individuals with SCI experience chronic pain and 
86% of individuals with pain have neuropathic pain, which has a 
significant impact on daily living and quality of life (1). 
Pharmacological and non-pharmacologic treatments have been used 
to reduce intractable pain, but these approaches frequently do not 
achieve adequate pain control in many cases (2, 3). Pharmacotherapies 
are associated with adverse drug reactions, including dizziness, 
somnolence, and nausea. Some invasive techniques require surgical 
procedures or trial periods, which significantly lower compliance, 
sometimes leading to discontinuation before a therapeutic effect can 
be  achieved (4, 5). Therefore, there is an urgent need for better 
treatment options.

Non-invasive cortical stimulation techniques have been used to 
control chronic neuropathic pain by either inhibition or 
interruption of thalamic pain signals and other hyperactive 
localization pain networks (6). Repetitive transcranial magnetic 
stimulation (rTMS) as a non-invasive, promising cortical 
stimulation technique has been suggested to be more effective in the 
treatment of neuropathic pain of central origin (7, 8). Therefore, 
there is substantial evidence showed effective pain management 
when applying rTMS to the primary motor cortex (M1) (5, 9, 10). 
There are several parameters associated with the effectiveness of 
rTMS like stimulation site, field orientation, frequency, intensity, 
and duration of stimulation (11). A newer form of rTMS, known as 
intermittent theta burst stimulation (iTBS), displays faster, more 
robust action compared to conventional protocols, with excellent 
tolerability, provided that safety recommendations are followed (12, 
13). iTBS delivers 600 pulses in just 3 min 20 s, yet shows similar or 
more potent excitatory effects than conventional 10 Hz rTMS (14). 
iTBS has been approved by the U.S. Food and Drug Administration 
(FDA) for treatment-resistant depression, revealing its potential in 
neuromodulation therapy. iTBS recently been introduced in 
neuropathic pain in SCI, even though these parameters have not yet 
been optimized. It has also been reported that the analgesic effects 
of 10 Hz rTMS delivered to M1 can be enhanced by iTBS priming 
(15, 16). Nevertheless, we still do not know whether 3 min iTBS 
sessions are superior to 10 Hz sessions or iTBS-primed 
10 Hz sessions.

Therefore, we conducted a randomized controlled trial to compare 
the three modalities on neuropathic pain in SCI individuals, aiming 
to establish the pain-relieving effectiveness of different TMS 
modalities. We hypothesized that all three modalities of rTMS would 
achieve comparable analgesic effects.

Methods

Individuals and randomization

Thirty-nine individuals with SCI were recruited from the 
Department of Rehabilitation Medicine between August 2020 and 
June 2021 to participate in the research. The inclusion criteria for the 
study were: (i) SCI confirmed by CT or MRI and meeting the criteria 
of neuropathic pain by the International Association for the Study of 
Pain; (ii) individuals experienced pain, depression, and sleep 

disorders; and (iii) the pain was not attributable to any other cause, 
such as rheumatologic disorders or diabetes.

The exclusion criteria included epilepsy, drug-addiction, migraine, 
and intracranial ferromagnetic material or implanted stimulators. All 
individuals provided written informed consent, and the study was 
approved by the Ethics Committee of the Affiliated Hospital of 
Qingdao University (QYFY WZLL 27661) and has been registered in 
the Chinese Clinical Trial Registry (ChiCTR2300072864).

This study was designed as a prospective, randomized clinical 
trial. A computer-generated randomization schedule was used to 
separate the individuals into three groups, with one group named 
“iTBS” receiving iTBS, another named “rTMS” receiving 10 Hz rTMS, 
and the other named “iTBS + rTMS” receiving iTBS and 10 Hz rTMS 
successively (Figure 1).

Procedures

The individuals received the stimulations while sitting in a 
comfortable chair or their wheelchair in the TMS Treatment Room, 
Department of Rehabilitation Medicine.

In the iTBS sessions, iTBS was delivered in a stimulation pattern 
of triplet 50 Hz bursts, repeated at 5 Hz, 2 s on and 8 s off, with 600 
pulses per session for a total duration of 3 min 20 s. The stimulation 
was performed in each session per day at an intensity equal to 80% of 
the resting motor threshold (rMT) (17). A circular coil connected to 
a YRD CCY-I Magnetic Stimulator (Yiruide, Wuhan, China) was used 
for stimulation of the contralateral motor cortex (M1). Briefly, the coil 
was fixed on the three-dimensional adjustable arm, and a circular coil 
with a diameter of 12.5 cm was placed in the M1 region corresponding 
to the surface of the individual’s skull, and stimulation was given.

In the rTMS sessions, 30 trains of stimulation with a frequency of 
10 Hz were applied at the same site and intensity (80% rMT). The 
duration of each train was 5 s and the interval between two trains was 
25 s. In total, 1,500 pulses in 15 min of stimulation were performed in 
each session per day.

In the priming stimulation sessions, stimulation was administered 
starting with intermittent theta burst (iTBS) delivered at 80% rMT and 
followed 2 min later by 10 Hz rTMS delivered at 80% rMT for a total 
of 2,100 pulses.

The initial treatment comprised 20 sessions in total, which 
consisted of once daily sessions (on weekdays, i.e., five sessions a week).

Clinical assessment

Pain was assessed by an investigator blinded to the type of 
stimulation individuals were receiving, using the visual analog 
scale (VAS).

Living with chronic pain is linked with depression for many 
people. Research shows that depression is more prevalent in people 
that live with chronic pain than those who live with other illnesses 
(18). The multiple-item Hamilton Rating Scale for Depression 
(HAM-D) questionnaire was designed to measure the frequency 
and intensity of depressive symptoms in individuals, and is 
considered the gold standard for assessing the severity of depression 
and is widely used in research (19). We used HAM-D (30 mild: 
score 8–13; moderate: 14–18; and severe: 419) to assess the 
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depression of individuals induced by pain. Apart from the pain 
itself, some people with chronic pain also experience one or more 
sleep disorders (20), such as obstructive sleep apnea or restless legs 
syndrome. One in four people with chronic pain also have a sleep 
disorder. The Pittsburgh Sleep Quality Index (PSQI) is an effective 
instrument used to measure the quality and patterns of sleep in 
adults (21). We  used the PSQI to evaluate the individuals’ 
sleep quality.

Pain and mood assessments were performed at baseline, 1 day 
after the first week of stimulation (S1), and 1 day after the last 
stimulation (S2). The analgesic effects were assessed as the primary 
outcome, and the effects on mood symptoms and sleep quality were 
assessed as secondary clinical outcomes (Figure 2).

Statistics

For intragroup comparisons across all time-points, we  used 
repeated-measures analysis of variance (ANOVA) with Bonferroni 
correction. At the baseline assessments prior to the stimulation 
intervention, the mean values of all the assessments were compared 
between the groups, using one-way ANOVA or the Mann–Whitney 
test for independent samples for continuous data or the chi-squared 
test for categorical data. The time-points at baseline, S1, and S2 were 
employed as the within-individual factors, and the groups iTBS, 
rTMS, and iTBS + rTMS were used as the between-individual factors. 

Data analysis was performed using GraphPad Prism software (v7). A 
p value less than 0.05 was considered statistically significant.

Results

Thirty-seven individuals with SCI were recruited for this study, 
and all the individuals tolerated the study well. One individual in the 
iTBS group and one individual in the iTBS + rTMS group withdrew 
from the study for personal reasons. The characteristics of all 
individuals who completed the study are shown in Table 1. Table 2 
shows the results of the functional outcome scores at the different time 
points after different stimulation application.

Evaluation of the primary outcome of the 
individuals in the three groups

In the iTBS group, assessed at three time points, VAS scores 
showed a downward trend. Compared with the baseline, the decrease 
of VAS scores at S1 was not significant (p = 0.5431), while at S2 they 
were significant (p = 0.0396, Figure 3). The results demonstrated that 
iTBS was effective at relieving the pain by the fourth week 
of stimulation.

Similarly, in the rTMS and iTBS+ rTMS groups, VAS scores 
showed a significant decrease at S2 (p = 0.00396, and p = 0.0309, 

FIGURE 1

Flowchart of the study.
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FIGURE 2

Stimulation protocol and clinical evaluation.

TABLE 1 Individuals’ characteristics.

iTBS group (n = 12) rTMS group (n = 13) iTBS + rTMS group (n = 12)

Age (years) 49.75 ± 13.86 51 ± 16.35 46.94 ± 12.95

Sex (male/female) 9/3 7/6 7/5

Mean time after SCI (months) 14.77 ± 2.15 15.63 ± 2.41 16.45 ± 3.01

Duration of pain (months) 13.58 ± 1.46 14.35 ± 3.16 15.21 ± 2.33

ASIA (A/B/C/D) 0/4/6/2 0/6/4/3 0/7/4/1

iTBS, intermittent theta burst stimulation; rTMS, repetitive transcranial magnetic stimulation; SCI, spinal cord injury; ASIA, American Spinal Cord Injury Association Impairment Scale.

TABLE 2 Primary and secondary functional outcome scores of the individuals in the three groups.

Baseline S1 S2

VAS

iTBS 7.03 ± 0.78 6.37 ± 0.73 4.85 ± 0.62

rTMS 7.27 ± 1.19 6.34 ± 1.06 4.38 ± 0.59

iTBS + rTMS 7.34 ± 1.32 6.07 ± 0.54 4.06 ± 0.63

HAM-D

iTBS 16.51 ± 2.79 14.59 ± 1.37 10.1 ± 1.12

rTMS 17.89 ± 3.26 15.24 ± 2.79 10.08 ± 1.03

iTBS + rTMS 18.72 ± 3.86 15.91 ± 3.15 10.25 ± 0.96

PSQI

iTBS 14.74 ± 2.19 12.37 ± 2.23 8.86 ± 1.68

rTMS 15.36 ± 2.36 12.45 ± 2.71 8.59 ± 1.54

iTBS + rTMS 15.81 ± 2.25 12.51 ± 2.12 8.07 ± 1.48
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respectively), but not at S1 (p = 0.5650, and p = 0.3688, respectively), 
indicating that rTMS or rTMS combined with iTBS could also 
effectively lower the level of pain.

Evaluation of the secondary outcome of 
the individuals in the three groups

Figure 4 shows that the HAM-D scores in the iTBS, rTMS, and 
iTBS + rTMS groups all decreased during the week preceding 
stimulations, while there were no significant differences between 
the baseline and S1 (p = 0.5431, p = 0.5427, and p = 0.5785, 
respectively). When comparing the HAM-D scores at baseline 
versus S2, the differences were significant (p = 0.0444, p = 0.0315, 
and p = 0.0447, respectively); the individuals who received the three 

modes of stimulation all showed significant effects of 
alleviating depression.

Figure 5 illustrates the results for the PSQI scores. Similar to the 
pain scores and depression scores, after 1 week treatment, sleep quality 
was improved, but there were no significant differences (p = 0.4563, 
p = 0.4260, and p = 0.2973, respectively). However, after the 4 weeks 
treatment, sleep quality was significantly improved (p = 0.0446, 
p = 0.0244, and p = 0.0088, respectively).

Comparison of outcomes among the three 
groups at different timepoints

Before treatment, the VAS, HAM-D, and PSQI scores in the three 
groups were not statistically different (p = 0.7784, p = 0.2728, and 
p = 0.5172, respectively), meaning they were comparable in the 
indicators among the three groups (Figure 6). After treatment, there 
were no significant differences in VAS, HAM-D, and PSQI scores at 
S1 among the three groups in order (p = 0.6118, p = 0.4592, and 
p = 0.9896, respectively). At S2, VAS scores were significantly different 
(p = 0.0120), while HAM-D and PSQI scores were not significantly 
different among the three groups (p = 0.9921, and p = 0.6850, 
respectively). Accordingly, we conducted multiple comparisons of 
VAS scores at S2, and the result showed that there was significant 
difference between the iTBS group and the iTBS+ rTMS group 
(p = 0.0091).

Discussion

Neuropathic pain caused by SCI is considered a purely 
pathological, maladaptive consequence of central nervous system 
damage and inflammation rather than a potentially useful protective 
response. TMS has advantages over drugs and invasive electrical 
stimulation in treating it (22). TMS can stimulate neurons at various 
horizontal levels, inducing not only biological effects but also 
influencing local and functionally related cortical functions from a 
distance to achieve regional reconstruction of cortical functions. This 
leads to an increased number of nerve impulses traveling down the 
spinal cord to motor neurons, maximizing residual nerve fiber 
connections. As a result, this not only contributes to nerve 
regeneration after SCI but also enhances brain plasticity.

In the current clinical study, we  analyzed the effects of iTBS, 
rTMS, and the combination of the two stimulations on neuropathic 
pain in individuals with SCI. There is much research proposing the 
use of rTMS on the M1 for the treatment of neuropathic pain (23, 24). 
Previous studies have shown that rTMS of M1 can reduce the average 
pain and the most severe pain after SCI (25, 26). Our study was 
consistent with them. There are reports that have suggested 20 Hz as 
a suitable frequency content for rTMS, while in our clinical practice, 
most of the individuals we treated could not endure that frequency 
content, and 10Hz was more suitable.

The relief effect of iTBS on neuropathic pain after SCI is not well 
studied, though physiological properties and comfort of application 
make iTBS a theoretical alternative to conventional rTMS. Kohutova 
et al. (27) reported that a single-session of iTBS could relieve facial 
pain in 10 individuals after 60 min after treatment, which could last 

FIGURE 3

Evaluation of the pain of the individuals by VAS scores in the three 
groups. (A) VAS scores of the individuals in the iTBS group. (B) VAS 
scores of the individuals in the rTMS group. (C) VAS scores of the 
individuals in the rTMS + iTBS group. The short line above the bar 
chart represents the comparison between the baseline and S1; the 
long line above the bar chart represents the comparison between 
the baseline and S2. Data are mean ± s.e.m. *p < 0.05; ns, not 
significant.

FIGURE 4

Evaluation of the depression of the individuals by HAM-D scores in 
the three groups. (A) HAM-D scores of the individuals in the iTBS 
group. (B) HAM-D scores of the individuals in the rTMS group. 
(C) HAM-D scores of the individuals in the rTMS + iTBS group. The 
short line above the bar chart represents the comparison between 
the baseline and S1; the long line above the bar chart represents the 
comparison between the baseline and S2. Data are mean ± s.e.m. 
*p < 0.05; ns, not significant.
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2 weeks. Recently, Kim et al. (28) reported that with iTBS treatment, a 
group of 15 individuals gained central pain relief. In the present study, 
we  assessed the effectiveness of iTBS on neuropathic pain after 
SCI. The results showed that after 4 weeks treatment, iTBS was indeed 
able to reduce pain compared to the baseline.

In our study, after 4 weeks of stimulation, the VAS scores showed 
significant differences among the three groups, indicating that iTBS 
priming partly produced greater analgesia than the other protocols. It 
requires sufficient stimulation time for better pain relief based on our 
result, because after 1 week stimulation, the VAS scores had no 
difference. iTBS induces greater and longer-lasting changes in cortical 
excitability compared to conventional rTMS at 10 Hz, which is known 
to potentiate cortical excitability in normal individuals (14). It is not 
clear whether the superiority of iTBS over high frequency (HF) rTMS 
in terms of cortical excitability can be  reliably applied to a 
heterogeneous population of individuals with neuropathic pain. 
Mechanically, motor stimulation on distant pain-related areas could 
modulate pain. It may be  a better fit between HF-rTMS and 
sensorimotor networks that explains its superiority to iTBS; synaptic 
efficacy and plasticity may be increased when motor cortex oscillations 

are synchronized with rTMS, thus enhancing the functional 
connectivity of the motor cortex with distant structures involved in 
pain regulation.

Our results demonstrated that three different modalities of TMS were 
all effective at relieving pain. However, not all three stimulations were of 
same effectiveness after treatment; there were statistical differences in the 
treatment of neuropathic pain between iTBS as a priming stimulus and 
as a single procedure. Lefaucheur et al. (15) found that the analgesic effects 
of “conventional” 10 Hz rTMS delivered to M1 can be enhanced by TBS 
priming, while our study did not support that. Interestingly, our results 
showed that iTBS as a priming stimulus was more effective than as a single 
procedure. rTMS therapy often requires daily treatments for over a 
month, which can be inconvenient for patients who need to take time off 
work or find transportation. Furthermore, it is worth noting that iTBS 
sessions have been found to be completed in approximately 30 min less 
time than 10 Hz rTMS. This means that patients can receive the same level 
of treatment effectiveness without having to spend as much time 
undergoing therapy. Moreover, our study has suggested that there are no 
significant differences in prognostication of treatment response between 
these two modalities. This could also have important implications for 
clinicians who are looking to optimize their treatment protocols and 
reduce the burden on patients. By increasing their utilization of iTBS over 
10 Hz rTMS, they may be able to provide more efficient care while still 
achieving positive outcomes. Of course, it is important to note that every 
patient’s needs and circumstances are unique, and what works best for one 
person may not work as well for another. However, this study provides 
valuable insights into the potential benefits of using iTBS as a preferred 
modality for certain types of patients or conditions.

Overall, our research underscores the importance of continuing to 
explore new approaches and techniques in order to improve patient 
outcomes and enhance our understanding of how different treatments 
can impact mental health and wellbeing. The conclusion we reached is 
limited due to the small sample size. Individuals with SCI are relatively 
rare, so type II errors may be responsible for the results of the study that 
did not demonstrate the significant differences of the three modes of 
stimulation. Future studies in larger population are needed to reduce this 
risk. Moreover, we did not perform a follow-up. We measured all the 
variables as soon as the treated sessions were finished. To some extent, 
positive results are to be expected, but how long the pain relief effect 
could last after the treatment is unknown, which differs with some other 
studies. Nevertheless, middle-term pain relief provided by different 

FIGURE 5

Evaluation of the sleep quality of the individuals by PAQI scores in 
the three groups. (A) PAQI scores of the individuals in the iTBS group. 
(B) PAQI scores of the individuals in the rTMS group. (C) PAQI scores 
of the individuals in the rTMS + iTBS group. The short line above the 
bar chart represents the comparison between the baseline and S1; 
the long line above the bar chart represents the comparison 
between the baseline and S2. Data are mean ± s.e.m. *p < 0.05, 
**p < 0.01; ns, not significant.

FIGURE 6

Intergroup comparison of outcomes at different timepoints. (A) VAS scores of the individuals at three timepoints among the three groups. (B) HAM-D 
scores of the individuals at three timepoints among the three groups. (C) PSQI scores of the individuals at three timepoints among the three groups. 
Data are mean ± s.e.m. *p < 0.05; ns, not significant.
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modes of stimulation are encouraging and suggests the need for future 
studies with a larger sample size which may reveal clinically 
relevant differences.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and 
approved by The Ethics Committee of the Affiliated Hospital of 
Qingdao University. The patients/participants provided their written 
informed consent to participate in this study.

Author contributions

JL, QW, and CY contributed to the conception and design of the 
study. CY and YB organized the database. CY, LH, and LG performed 
the statistical analysis. CY wrote the first draft of the manuscript. ZL 

and NZ wrote sections of the manuscript. All authors contributed to 
the article and approved the submitted version.

Acknowledgments

The authors would like to acknowledge the colleagues from the 
Department of Rehabilitation Medicine at the Affiliated Hospital of 
Qingdao University.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Bresnahan JJ, Scoblionko BR, Zorn D, Graves DE, Viscusi ER. The demographics 

of pain after spinal cord injury: a survey of our model system. Spinal Cord Ser Cases. 
(2022) 8:14. doi: 10.1038/s41394-022-00482-1

 2. Burke D, Fullen BM, Stokes D, Lennon O. Neuropathic pain prevalence following 
spinal cord injury: a systematic review and meta-analysis. Eur J Pain. (2017) 21:29–44. 
doi: 10.1002/ejp.905

 3. Hansson PT, Attal N, Baron R, Cruccu G. Toward a definition of pharmacoresistant 
neuropathic pain. Eur J Pain. (2009) 13:439–40. doi: 10.1016/j.ejpain.2009.02.008

 4. Ushida T, Katayama Y, Hiasa Y, Nishihara M, Tajima F, Katoh S, et al. Mirogabalin 
for central neuropathic pain after spinal cord injury: a randomized, double-blind, 
placebo-controlled, phase 3 study in Asia. Neurology. (2023) 100:e1193–206. doi: 
10.1212/WNL.0000000000201709

 5. Knotkova H, Hamani C, Sivanesan E, Le Beuffe MFE, Moon JY, Cohen SP, et al. 
Neuromodulation for chronic pain. Lancet. (2021) 397:2111–24. doi: 10.1016/
S0140-6736(21)00794-7

 6. Defrin R, Grunhaus L, Zamir D, Zeilig G. The effect of a series of repetitive 
transcranial magnetic stimulations of the motor cortex on central pain after spinal cord 
injury. Arch Phys Med Rehabil. (2007) 88:1574–80. doi: 10.1016/j.apmr.2007.07.025

 7. Hosomi K, Shimokawa T, Ikoma K, Nakamura Y, Sugiyama K, Ugawa Y, et al. Daily 
repetitive transcranial magnetic stimulation of primary motor cortex for neuropathic 
pain: a randomized, multicenter, double-blind, crossover, sham-controlled trial. Pain. 
(2013) 154:1065–72. doi: 10.1016/j.pain.2013.03.016

 8. Che X, Cash RFH, Luo X, Luo H, Lu X, Xu F, et al. High-frequency rTMS over the 
dorsolateral prefrontal cortex on chronic and provoked pain: a systematic review and 
meta-analysis. Brain Stimul. (2021) 14:1135–46. doi: 10.1016/j.brs.2021.07.004

 9. Attal N, Poindessous-Jazat F, De Chauvigny E, Quesada C, Mhalla A, Ayache SS, 
et al. Repetitive transcranial magnetic stimulation for neuropathic pain: a randomized 
multicentre sham-controlled trial. Brain. (2021) 144:3328–39. doi: 10.1093/brain/
awab208

 10. Tsai YY, Wu WT, Han DS, Mezian K, Ricci V, Özçakar L, et al. Application of 
repetitive transcranial magnetic stimulation in neuropathic pain: a narrative review. Life. 
(2023) 13:258. doi: 10.3390/life13020258

 11. Leung A, Donohue M, Xu R, Lee R, Lefaucheur JP, Khedr EM, et al. rTMS for 
suppressing neuropathic pain: a meta-analysis. J Pain. (2009) 10:1205–16. doi: 10.1016/j.
jpain.2009.03.010

 12. Huang Y-Z, Edwards MJ, Rounis E, Bhatia KP, Rothwell JC. Theta burst stimulation 
of the human motor cortex. Neuron. (2005) 45:201–6. doi: 10.1016/j.neuron.2004.12.033

 13. Grossheinrich N, Rau A, Pogarell O, Hennig-Fast K, Reinl M, Karch S, et al. 
Theta burst stimulation of the prefrontal cortex: safety and impact on cognition, 

mood, and resting electroencephalogram. Biol Psychiatry. (2009) 65:778–84. doi: 
10.1016/j.biopsych.2008.10.029

 14. Rossi S, Antal A, Bestmann S, Bikson M, Brewer C, Brockmöller J, et al. Safety 
and recommendations for TMS use in healthy subjects and patient populations, with 
updates on training, ethical and regulatory issues: expert guidelines. Clin 
Neurophysiol. (2021) 132:269–306. doi: 10.1016/j.clinph.2020.10.003

 15. Lefaucheur JP, Ayache SS, Sorel M, Farhat WH, Zouari HG, Ciampi de 
Andrade D, et al. Analgesic effects of repetitive transcranial magnetic stimulation 
of the motor cortex in neuropathic pain: influence of theta burst stimulation 
priming. Eur J Pain. (2012) 16:1403–13. doi: 10.1002/j.1532-2149.2012.00150.x

 16. Gaertner M, Kong JT, Scherrer KH, Foote A, Mackey S, Johnson KA. 
Advancing transcranial magnetic stimulation methods for complex regional pain 
syndrome: an open-label study of paired Theta burst and high-frequency 
stimulation. Neuromodulation. (2018) 21:409–16. doi: 10.1111/ner.12760

 17. 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) 120:2008–39. doi: 10.1016/j.clinph.2009.08.016

 18. Banks SM, Kerns RD. Explaining high rates of depression in chronic pain: a 
diathesis-stress framework. Psychol Bull. (1996) 119:95–110. doi: 
10.1037/0033-2909.119.1.95

 19. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 
(1960) 23:56–62. doi: 10.1136/jnnp.23.1.56

 20. Mathias JL, Cant ML, Burke ALJ. Sleep disturbances and sleep disorders in 
adults living with chronic pain: a meta-analysis. Sleep Med. (2018) 52:198–210. doi: 
10.1016/j.sleep.2018.05.023

 21. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh 
sleep quality index: a new instrument for psychiatric practice and research. 
Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4

 22. Zhu S, Marmura MJ. Non-invasive neuromodulation for headache disorders. 
Curr Neurol Neurosci Rep. (2016) 16:11. doi: 10.1007/s11910-015-0620-7

 23. Zang Y, Zhang Y, Lai X, Yang Y, Guo J, Gu S, et al. Evidence mapping based on 
systematic reviews of repetitive transcranial magnetic stimulation on the motor 
cortex for neuropathic pain. Front Hum Neurosci. (2022) 15:743846. doi: 10.3389/
fnhum.2021.743846

 24. Lefaucheur J-P, Aleman A, Baeken C, Benninger DH, Brunelin J, Di Lazzaro 
V, et al. Evidence-based guidelines on the therapeutic use of repetitive transcranial 
magnetic stimulation (rTMS): an update (2014–2018). Clin Neurophysiol. (2020) 
131:474–528. doi: 10.1016/j.clinph.2019.11.002

https://doi.org/10.3389/fneur.2023.1141973
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1038/s41394-022-00482-1
https://doi.org/10.1002/ejp.905
https://doi.org/10.1016/j.ejpain.2009.02.008
https://doi.org/10.1212/WNL.0000000000201709
https://doi.org/10.1016/S0140-6736(21)00794-7
https://doi.org/10.1016/S0140-6736(21)00794-7
https://doi.org/10.1016/j.apmr.2007.07.025
https://doi.org/10.1016/j.pain.2013.03.016
https://doi.org/10.1016/j.brs.2021.07.004
https://doi.org/10.1093/brain/awab208
https://doi.org/10.1093/brain/awab208
https://doi.org/10.3390/life13020258
https://doi.org/10.1016/j.jpain.2009.03.010
https://doi.org/10.1016/j.jpain.2009.03.010
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.1016/j.biopsych.2008.10.029
https://doi.org/10.1016/j.clinph.2020.10.003
https://doi.org/10.1002/j.1532-2149.2012.00150.x
https://doi.org/10.1111/ner.12760
https://doi.org/10.1016/j.clinph.2009.08.016
https://doi.org/10.1037/0033-2909.119.1.95
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1016/j.sleep.2018.05.023
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1007/s11910-015-0620-7
https://doi.org/10.3389/fnhum.2021.743846
https://doi.org/10.3389/fnhum.2021.743846
https://doi.org/10.1016/j.clinph.2019.11.002


Yang et al. 10.3389/fneur.2023.1141973

Frontiers in Neurology 08 frontiersin.org

 25. Jetté F, Côté I, Meziane HB, Mercier C. Effect of single-session repetitive 
transcranial magnetic stimulation applied over the hand versus leg motor area on 
pain after spinal cord injury. Neurorehabil Neural Repair. (2013) 27:636–43. doi: 
10.1177/1545968313484810

 26. Tazoe T, Perez MA. Effects of repetitive transcranial magnetic stimulation on 
recovery of function after spinal cord injury. Arch Phys Med Rehabil. (2015) 96:S145–55. 
doi: 10.1016/j.apmr.2014.07.418

 27. Kohútová B, Fricová J, Klírová M, Novák T, Rokyta R. Theta burst stimulation in 
the treatment of chronic orofacial pain: a randomized controlled trial. Physiol Res. (2017) 
66:1041–7. doi: 10.33549/physiolres.933474

 28. Kim JK, Park HS, Bae JS, Jeong YS, Jung KJ, Lim JY. Effects of multi-session 
intermittent theta burst stimulation on central neuropathic pain: a 
randomized controlled trial. NeuroRehabilitation. (2020) 46:127–34. doi: 10.3233/
NRE-192958

https://doi.org/10.3389/fneur.2023.1141973
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/1545968313484810
https://doi.org/10.1016/j.apmr.2014.07.418
https://doi.org/10.33549/physiolres.933474
https://doi.org/10.3233/NRE-192958
https://doi.org/10.3233/NRE-192958

	Effects of different transcranial magnetic stimulations on neuropathic pain after spinal cord injury
	Introduction
	Methods
	Individuals and randomization
	Procedures
	Clinical assessment
	Statistics

	Results
	Evaluation of the primary outcome of the individuals in the three groups
	Evaluation of the secondary outcome of the individuals in the three groups
	Comparison of outcomes among the three groups at different timepoints

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

