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Abstract
Purpose: Transcranial Magnetic Stimulation (rTMS) emerges as an innovative alternative for the
management of neuropathic pain, rTMS is a non-invasive brain stimulation technique which induces
electrical currents in the nervous tissue of the cortex. The objective of this study was to evaluate the
effectiveness of rTMS in the management of oncological and non- oncological neuropathic pain.

Methods: The search was performed in CENTRAL, MEDLINE, Embase, PsycINFO, SCOPUS and LILACS.
Inclusion criteria were 1) population: Male and female between 18 and 85 years with oncologic and non-
oncologic neuropathic pain; 2) intervention: Treated with Transcranial magnetic stimulation; 3)
comparison: Inactive control groups, and parallel active interventions; and 4) outcome: Primary outcome
was modulation of pain. Secondary outcomes were quality of life and adverse effects. Risk of bias and
quality of study reporting were also assessed.

Results: The search found 1116 articles, with 18 articles meeting the PICO criteria. 9 ECAS and 9
observational studies. The total sample was 707 patients, the number of sessions ranges from a single
session to 15 sessions, with an average of 3.5 sessions. Follow-up was variable. The Follow-up vary from
7 to 311.8 days, with an average of 45 days. Pain reduction was obtained in the 18 studies.

Conclusion: rTMS may be and effective therapeutic option to treat neuropathic pain. We found moderate
quality of evidence for pain modulation; for quality of life the results are uncertain to determine changes,
due to very low evidence. Additional research effort is needed to reduce bias and improve quality.

Introduction
Neuropathic pain includes any type of injury or primary dysfunction that affects both the peripheral (PNS)
and central (CNS) nervous system (1,2). Etiologically it can occur for various causes: trauma, ischemia or
hemorrhage, in�ammation, neurotoxicity, neurodegeneration, metabolic, vitamin de�ciency, or cancer
(3,4).

The estimated prevalence of neuropathic pain in the general population is between 7 and 10% (5). This
may vary according to the criteria for diagnosis, the methods of evaluation, and the characteristics of the
patient (6).

Furthermore, pain is a very common problem in cancer patients (7,8), more than 30% of cancer patients
experience neuropathic pain (9); the third part is caused by chemotherapy and radiotherapy induced
neuropathy, with an important impact on quality of life (10,11).

Pain is a complex symptom of great importance in daily clinical practice, requiring multidimensional
treatment (12). Neuropathic pain affects physical, psychological, and emotional conditions, causing
depression and anxiety (13–15). Currently, the pharmacological treatment options range from medication
with nervous system modulators, anticonvulsants, tricyclic antidepressants, and opioids. Other treatment
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alternatives include: Home remedies, physiotherapy, alternative medicine, surgery, and nerve blocks
(2,4,16–18).

In the search for therapeutic options for patients with chronic pain management, Transcranial Magnetic
Stimulation Therapy (rTMS) emerges as an innovative alternative, which is a non-invasive, safe, and
painless neurophysiological technique which induce electrical currents in the nervous tissue of the cortex
(19). The analgesic effect begins with stimulation of the primary motor cortex (M1) (20).

rTMS is a novel technique in the �eld of physiotherapy which constitutes a therapeutic reality in
rehabilitation, helping the brain in its ability to readapt neural circuits (21–23). Thus, in the clinical
practice guidelines developed by Cruccu, G,.2016 (5) and Lefaucheur, J. P,.2020 (24), multiple studies
have analyzed rTMS application, in different pathological conditions, such as �bromyalgia, radicular
pain, post-herpetic neuropathy, phantom pain due to amputation, complex regional pain syndrome,
among others (25–28).

The Physiotherapist, as part of the interdisciplinary group in the treatment of neuropathic pain, must
promote high quality and comprehensive health services. For this reason, the objective of this study was
to evaluate the effectiveness of transcranial magnetic stimulation in the management of oncological and
non- oncological neuropathic pain.

Methodology
This systematic review was conducted according to the recommendations published by Cochrane (29)
and reported in line with the PRISMA statement (30). The research protocol was registered in PROSPERO
(registration number: CRD42021236999).

Selection criteria
The selection criteria was de�ned according to the PICOS acronym (i.e., population, intervention,
comparison, outcomes, and study design).Based on the guidance from the Cochrane EPOC group (the
Effective Practice and Organization of Care) the following study designs were included: Randomized
controlled clinical trials (RCTs), non-randomized controlled clinical trials, and interrupted time series (31).

Types of participants
Male and female between 18 and 85 years with oncologic and non-oncologic neuropathic pain.

Type of Intervention
Treated with Transcranial magnetic stimulation

Settings
We limited neither setting nor delivery format for the interventions.
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Time: Studies that evaluated at least one session, in which the outcome of interest was measured or
previously informed through validated instruments.

Comparison
Inactive control groups (e.g., no intervention) as well as parallel active interventions, such as TENS and
direct transcranial stimulation.

Outcome measures
Primary outcomes

1. Modulations of pain measured in validated scales

Secondary outcomes

1. Quality of life

2. Adverse effects of either receiving the intervention or related to false-positive results of any symptom

Exclusion criteria
Pain characteristics which do not answer the PICOS´s question or do not studied neuropathic pain.

Search Methods
The search was carried out between the years 2011–2021, these dates were selected due to the increased
number of articles studying the effect of the transcranial magnetic intervention for neuropathic pain
recently (32). Language restriction shall not apply. The search terms are detailed in Appendix 1. The
following electronic database search sources were consulted: The Cochrane Central Register of
Controlled Trial (CENTRAL), MEDLINE, EMBASE, PsycINFO, SCOPUS and LILACS. For clinical trial records
the search portal of the international platform of clinical trial Records of the WHO (ICTRP)
(http://apps.who.int/trialsearch/), the National Institute of Health clinical trials database
(http://clinicaltrials.gov) and the International Register of Controlled Trials (http://www.controlled-
trials.com) were consulted. To identify additional studies, a manual search of the bibliographies of all
included studies was performed. In addition, we searched on OpenSIGLE (www.opengrey.eu). When
additional information was required, the corresponding authors were contacted. (See appendix 2).

Data collection and analysis

Selection of studies
The references identi�ed in the literature searches were exported to the reference manager Mendeley
(https://www.mendeley.com) and software for Rayyan systematic reviews (https://rayyan.qcri.org), to
later carried out the elimination of duplicates and evaluation of the titles and summaries by the four
independent evaluators CLM, ICAB, SPBB, and MGVM. The next step was to recover the full text of the
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studies that met the inclusion criteria. The discrepancies between reviewers were resolved by discussion
or with the participation of another evaluator (SGT or DVM).

The studies that were excluded during the evaluation process of the full text were grouped in a list that
was referred to as the "Characteristics of the excluded studies" and the reasons for exclusion were
reported (Fig. 1.)

Data extraction
We followed the data extraction format suggested by Cochrane (29) to gather relevant information for
each study, including characteristics of participants, characteristics of the interventions, comparisons,
study designs, and results, and evaluator (ICAB) extracted data from included studies and a second
evaluator (CLM) veri�ed the accuracy of the information. Any disagreement in consensus was resolved,
by consulting a third researcher.

Assessment of the risk of bias
Two independent reviewers (SPPB and CLM) who were blinded to the concepts of the other assessed the
risk of bias in the included studies. The risk of bias of RCTs was systematically appraised using the
Cochrane risk of bias tool (33). Non-randomized uncontrolled trials were appraised with the Quality
Assessment Tool for Before-After Studies with No Control Group of the National Heart, Lung, And Blood
Institute (34) and the checklist for quasi-experimental studies (non-randomized Experimental Studies of
Johana Brinks Institute). Any disagreement was resolved by consensus meetings or by consulting a third
reviewer when needed.

Data Synthesis
Due to both the limited amount of data and the heterogeneity in the included studies, we decided to
provide a narrative synthesis of the main �ndings. No meta-analysis was undertaken.

Quality of evidence
Two independent reviewers (SPBB, CLM) used the GRADE approach (Grading of Recommendations,
assessment, development, and evaluation) to evaluate the quality of the evidence (35). This can be
reduced by the following factors (36): limitations in the design and implementation of the study (risk of
bias), inconsistency of results, indirectness of evidence, imprecision and publication bias. Summary of
�ndings table was generated in GRADEpro software (37).

Results
Main �ndings.

The search found 1116 articles (see Fig. 1), of these 1701 in Medline, 5 in Lilacs, 270 in Cochrane, 138 in
Embase, 34 in PsycINFO, and 2 in grey literature; After deleting the duplicates 1055 abstracts were read to
identify compliance with the selection criteria; 960 were excluded, leaving 95 to which the text was
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completely read; in this last revision 65 were excluded leaving 30, of which, by making a judicious review
of the PICO, 12 were excluded which did not contemplate the approach or type of the study, or included
different types of pain. In the end, 18 articles complied with the PICO proposed. Those articles are
summarized on Table 1.
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Table 1
Summary of interventions and results from included studies

Study N Intervention Result Quality of
life

Khedr et
al., 2015

n = 34
oncologic
neuropathic
pain

10 sessions, 5/week. 20 Hz, 10 sec,
80% intensity, 10 sessions

Follow-up two weeks

Pain
reduction

N/A

Quesada et
al., 2020

N = 42 central

neuropathic
pain

Four sessions, 20 consecutive trains
of 80 pulses at 20 Hz, at 80% of the
engine threshold, the interval of 84 s,
during a session of 27 minutes.

Pain
reduction

Remained
unchanged.

Abdelkader
et al., 2019

N = 20 diabetic
neuropathy

5 sessions of 40 minutes, 15
consecutive trains (2 s duration) of
50 stimuli at 10 Hz, at 100% of the
engine threshold, intervals between
trains of 30 s were delivered.

Signi�cant
pain
reduction

N/A

Ahmed et
al., 2020

N = 30 diabetic
neuropathy

5 sessions/20 Hz or sham/80%
RMT/2000 pulses/M1

Follow-up 5days, 1, and 2 months

Signi�cant
pain
reduction

N/A

Attal et al.,
2016

N = 36 lumbar
neuropathic
radicular pain

3 sessions, 3 consecutive days, 3000
pulses (30 trains of 10 seconds each,
with an interval between trains of 20
seconds) delivered at a frequency of
10 Hz.

Pain
reduction

N/A

Hosomi et
al., 2020

N = 144
neuropathic
pain from
different
locations

An active rTMS session involved 10
trains at 90% RMT (50 pulses/train at
5 Hz; the interval between trains, 50
seconds)

Pain
reduction

Remained
unchanged

Hosomi et
al., 2013

N = 70
neuropathic
pain from
different
locations

1 session/5 Hz/90% RMT/500
pulses/M1

Follow-up 17 days

Pain
reduction

N/A

Kim et al.,
2020

N = 30 central
neuropathic
pain

A daily rTMS session was held for 5
days. 3 pulses (60 ms) at 50 Hz and
a 5 Hz TBS train of last 2 sec,
intervals of 10 seconds for 200
seconds (600 stimuli in total), with an
80% intensity

Signi�cant
pain
reduction

N/A

RMT: Resting motor threshold. AMT: Active motor threshold. rTMS: Repetitive transcraneal magnetic
stimulation. cTBS: Continuous Theta burst stimulation. iTBs: Intermittent Theta burst stimulation.
DLPFC: dorsolateral prefrontal cortex.
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Study N Intervention Result Quality of
life

Cervigni et
al., 2018

N = 13 painful
bladder
syndrome and
interstitial
cystitis

The sessions of 30 consecutive trains
of 50 stimuli delivered at 20 Hz at
110% of the RMT

Signi�cant
pain
reduction

Improvement

Goto et al.,
2020

N = 11
chemotherapy-
induced
neuropathy

20 Hz, 10 s, 10 trains with 80%
intensity.

Four sessions

Pain
reduction

N/A

Lindholm
et al., 2015

N = 16
orofacial pain

1 session/10Hz or simulation /90%
RMT/1000 pulses/contralateral S1-
M1 or S2 right. Four weeks Follow-up

Signi�cant
pain
reduction

Improvement

Pommier
et al., 2016

N = 40 central
neuropathic
pain

Four sessions, 20Hz, 20 consecutive
trains of 80 stimuli at 80% of the
engine threshold, intervals between
trains of 84 s, session of 26 minutes.
Follow-up average of 311.8 days.

Pain
reduction

N/A

(Ayache et
al., 2016)

N = 66
neuropathic
pain from
various
causes and
locations

A single session of 10 Hz-rTMS M1 Signi�cant
pain
reduction

N/A

(Hodaj et
al., 2020)

N = 57
neuropathic
pain from
different
locations

10 daily sessions for 2 weeks and
then 2 sessions in 1 week followed by
3 weekly sessions, 2 weekly sessions,
and 5 monthly sessions / 10 Hz /
80% / 2000 pulses in 20 minutes.
Follow-up 0.5, 1, 3 and 6 months

Signi�cant
pain
reduction

Signi�cant
improvement

Lawson
McLean et
al., 2018)

N = 48
neuropathic
pain from
various
sources

10 Hz- rTMS on M1 Signi�cant
pain
reduction

N/A

Lefaucheur
et al., 2012

N = 14
neuropathic
pain from
different
locations

1 session/10 Hz/90% AMT/2000
pulses/M1 preceded or not by iTBS or
cTBS/80% AMT/600 pulses/M1

One week Follow-up

Pain
reduction

N/A

RMT: Resting motor threshold. AMT: Active motor threshold. rTMS: Repetitive transcraneal magnetic
stimulation. cTBS: Continuous Theta burst stimulation. iTBs: Intermittent Theta burst stimulation.
DLPFC: dorsolateral prefrontal cortex.
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Study N Intervention Result Quality of
life

Nurmikko
et al., 2016

N = 27
neuropathic
pain of
different
origins

10 Hz, 80% RMT, 3000 pulses, 3
sessions

Pain
reduction

N/A

Sampson
et al., 2011

N = 9
neuropathic
pain from
different
locations

15 sessions/1 Hz/110% RMT/1600
pulses/ correct DLPFC

Follow-up 1, 3 weeks and at 3 months

Pain
reduction

N/A

RMT: Resting motor threshold. AMT: Active motor threshold. rTMS: Repetitive transcraneal magnetic
stimulation. cTBS: Continuous Theta burst stimulation. iTBs: Intermittent Theta burst stimulation.
DLPFC: dorsolateral prefrontal cortex.

Participant characteristics

We included 18 articles: 9 ECAS and 9 observational studies. The total sample of the studies was 707
patients, with 312 (44.14%) women and 395 (55.86%) men. The average age was 52 years old.

Intervention

All studies used rTMT in their treatment, the number of sessions vary from a single session to 15
sessions, with an average of 3.5 sessions. Follow-up was variable ranging from 7 to 311.8 days, with an
average of 45 days. Pain reductions were obtained in the 18 studies.

Excluded studies

The main reasons for exclusion were different intervention, pain nature and type of study. Appendix 3.

Primary outcomes

Pain Modulation

From the 18 articles included 9 were ECAS (38–46), with a total population of 419 patients.

The article of Khedr et al., (2015) (38) , included 34 patients with a diagnosis of chemotherapy-induced
neuropathy, rTMS treatment was performed in 10 daily sessions, 5 days a week. Pain assessment was
performed before and after the �rst, �fth, and 10th session and then 15 days and one month later.
Changes in the verbal descriptor scale (VDS), and visual analog scale (VAS) were signi�cant in the
intervention group, particularly at the end of treatment, 49.1% VDS and 36.7% VAS and at 15 days of
follow-up 45.6% VDS and 35.5% VAS.
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The study of Quesada et al., (2020) (39) included 42 adults with central pain, divided into active and
simulated phases. Each phase included 4 sessions and an 8-week washout between phases. The pain
was assessed with VAS assessed after each rTMS session and at the end of the phase. There was a
mean difference of 20.79% R (95% CI) between the active and sham phases. 23 patients (54%) and 15
patients (35%) achieved pain relief of >30% or >50%, respectively.

Two articles included adults with diabetic neuropathy (40,41). The results were evaluated with VAS in
both studies. Abdelkader et al., (2019) (40) reported a signi�cant mean VAS reduction for insulin-
dependent patients (5.10 ± 2.6 mm; p = 0.011) and non-insulin-dependent patients (4.0 ± 1.7 mm; p =
0.005). Ahmed et al., (2020) (41) found signi�cant decreases (P<0.05) in pain severity after rTMS and
after TENS intervention.

The article of Attal et al., (2016) (42), included a population of 36 patients, 24 for active stimulation and
12 for sham group. The treatment protocol included two blocks separated by an interval of three weeks.
Each block consisted of three sessions of rTMS or tDCS (transcranial direct stimulation) on three
consecutive days (V1, V2, V3). Treatment effects were assessed with Numerical Rating Scale (NRS)
immediately before stimulation in V1, after stimulation in V2 and V3 and �ve days after the last session.
The study concluded that active rTMS was superior to tDCS and simulation in pain intensity (F = 2.89; p =
0.023). rTMS reduced cold pain thresholds (p = 0.04) and its effect on cold pain was correlated with
analgesic e�cacy (p = 0.006).

The study by Hosomi et al., (2020) (44), included 144 patients with pain from different locations. 70
patients for active treatment and 67 patients for sham rTMS. Patients received 5 daily sessions of active
or sham rTMS. In addition, responders whose VAS decreased an average of 10 mm or more with daily
rTMS could join a continuous open-ended trial to test active rTMS administered at least once a week for 4
weeks. The VAS was recorded before and after each intervention, the decrease in the mean VAS was 8.0
(SD, 12.1) in the active stimulation group and 9.2 (SD 13.6) in the simulated group.

The article of Hosomi et al., (2013) (45), included 70 patients with neuropathic pain from different
locations, 34 in group A and 36 in group B. As for the treatment, a session of rTMS was applied daily for
10 consecutive days. Pain intensity was assessed daily in each patient using a visual analog scale (VAS;
0-100 scale). In the results, the mean rates of reduction in VAS (95% CI) averaged in real and simulated
rTMS were 6.51% (3.68–9.34) vs 2.44% (0.98–5.62) just after stimulation, and 3.38% (1.13–5.62) vs
0.66% (2.74–1.43) 60 min after.

Kim et al., (2020) (46), included 30 patients who presented a central neuropathic pain, 15 patients in
group A and 15 in group B. A daily rTMS session was held for 5 days. Patients were evaluated with the
NRS of 11-point scale. There was a signi�cant reduction in NRS of the real group with a difference of
15.20±7.46.

In the article of Cervigni et al., (2018)(43), 13 patients with neuropathic pain caused by painful bladder
syndrome/interstitial cystitis were chosen. The �rst group of patients received rTMS-real treatment for
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�ve consecutive days followed, by a washout period of 6 weeks, for the simulated treatment of rTMS; the
second group received the same treatments in reversed order. The scales used to assess pain were VAS,
Functional Neuropathic Pelvic Pain syndrome (FPPS), Neuropathic Pain Symptom Inventory, McGill
Questionnaire, and Central Sensitization Inventory LUTS Urinary. In the actual stimulation phase, it
obtained a signi�cant overall reduction for VAS (F [5.45] = 5200, P = 0.001).

Of the 18 studies, 9 quasi-experimental studies were found (47–55) with a total population of 288
patients.

Goto et al,. (2020) (47), included 11 adults with oncological diagnosis and chemotherapy-induced
neuropathy, who underwent 4 sessions of rTMS. Pain was assessed at baseline, pre-intervention, and
post-intervention. P-VAS scores decreased signi�cantly in pre-stimulation (mean 55.3) and after
stimulation (mean 46.8).

Pommier et al., (2016) (49) included 40 adults with neuropathic pain of central origin who underwent 4
sessions separated from each other by an interval of 3-4 weeks. The evaluation was carried out after 4
sessions. In the 31 patients who responded, the average number of sessions per patient was 11, the
average follow-up was 311.8 days, the average interval between sessions was 28.4 days. The average
percentage of pain relief (Global %R) in the responder's group was 41%. The mean VAS score before
rTMS was 6.35 vs 6.16 after four sessions.

The study of Lindholm et al., (2015) (48), had 16 adults with orofacial pain. All participants received 2
active rTMS treatments and 1 sham treatment (placebo). The 3 treatments were separated from each
other by 4 weeks. NRS was assessed at baseline and after each rTMS session. Brief Pain Inventory (BPI)
was evaluated at baseline, 3-5 days after treatment and 1 month after. Pain intensity (NRS) was lowest
on the third day after S2 stimulation (MS: 3.8, SE: 0.6) in comparison with S1/M1 stimulation (MS: 5.4,
SE: 0.6; P 5 0.0071) or simulated (MS: 5.3, SE: 0.6; P 5 0.0187). These results remain after 1 month.

Ayache et al., (2016)(50), included 66 patients with neuropathic pain of different causes and locations,
who were evaluated for the analgesic effect in a single session. This study compared analgesia induced
by stimulation of pain location without hand motor hot spot (hMHS) consideration, versus primary motor
cortex (M1). The analgesic effect was assessed with VAS, �nding that the percentage of pain reduction
during the week (PPRweek) and for the days 2 and 3 (PPRd2d3) showed a signi�cant difference during
the hMHS-targeted procedure and the M1 compared to the sham procedure (p<0.05 and p<0.001,
respectively).

The study of Hodaj et al., (2020) (51) had 57 pain patients from different locations. The treatment
consisted of one session per day for �ve days for two consecutive weeks (weeks 1 and 2), then 2
sessions in the following week (week 3) for a total of 12 sessions. Maintenance therapy was conducted,
consisting of a rTMS session at week 4 and then bi-monthly sessions over the next �ve months, for a
total of 11 sessions.
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Lawson McLean et al., (2018)(52), included 48 patients with atypical facial pain, rTMS treatment was
performed daily for a total of nine sessions. Pain intensity was documented according to the visual
analog scale.

In the study of Lefaucheur et al., (2012) (53), 14 patients with different pain locations where included.
The patients underwent 3 sessions separated by four weeks. The pain was assessed with VAS for 1 week,
before the �rst rTMS session and after each rTMS session. The mean pain score reduction score was
41% when combined with iTBS (intermittent theta-burst stimulation) and 31% compared to cTBS
(continuous theta-burst stimulation).

Sampson et al., (2011) (55) performed 15 rTMS sessions on 9 patients with pain from different locations,
(5 days a week for 3 weeks). p-VAS was evaluated before and after all rTMS treatments and monthly for
3 months. In the results, three subjects had a 50% decrease in pain ratings upon completion of rTMS
treatments, and 1 subject responded more slowly with a 50% improvement in pain at the end of the 3-
month follow-up.

The study of Nurmikko et al., (2016) (54) included 27 patients with pain from different parts of the body.
Divided into 3 groups: Pharmacological treatment, rTMS, and the control group. Treatment was designed
by applying 3 cycles of 5 sessions of rTMS 3-5 times per week. Patients rated their average pain every 24
hours with the NRS, and before and after 5 sessions patients completed the Brief Pain Inventory (BPI).
The results showed that rTMS provided pain relief and increased the total rate of responders by 58%.

Secondary outcomes

Quality of life

In the search, we found 5 articles that evaluate the quality of life in their results. The sample amounts to
272 patients (39,43,44,48,51).

In the article of Cervigni et al., (2018) (43), they described a signi�cant overall effect on the SF-36 sub-
score related to physical pain, in the actual stimulation phase (F [5.50] = 2636, P = 0.034) and for the
emotional state-related sub-score (F [5.50] = 3096, P = 0.016).

In the study of Hosomi et al., (2020)(44), the EQ-5D-5L for quality of life was recorded after each
intervention, on the 1st day, after the intervention on the 5th day, and the 4th week. None of the outcomes
for quality of life were signi�cantly different between groups.

Hodaj et al., (2020) (51) used Sf-36 and RAND 36 to assess quality of life. A signi�cant improvement for
physical and mental component summaries and scores was observed in the results.

In the study by Quesada et al., (2020) (39) quality of life was assessed with EuroQol (EQ-5D), it was
applied at the beginning and end of each phase. In the results, the EQ-5D remained unchanged in both the
active and simulated phases.
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Lindholm et al., (2015) (48) included 16 adults with orofacial pain, quality of life was assessed by
NePIQoL and SF-36 at baseline and 1 month later, �nding a small reduction in total NePIQol score 1
month after S2 stimulation (S: 79.8, SE: 5.7) compared to baseline (ES: 86.6, SE: 5.7; P50.0031).

Adverse effects

Of the 18 articles included for this systematic review, three (16.66%) of them (38,41,52) do not mention in
their content the adverse effects of transcranial magnetic therapy, two of them (11.11%) (42,55)
mentioned that these effects are observed and measured, without describing their conclusions. Three of
them (16.66%) (43,45,54) mentioned adverse effects classi�ed as mild, among them headache, pain in
the extremity, dizziness and drowsiness, being these the most noted. However, ten of the articles (55.55%)
(39,40,44,46–51,53) mentioned not having found severe adverse effects in their protocols.

Risk of Bias

Nine of the eighteen studies (38–46) were evaluated with the Cochrane risk-of-bias tool for randomized
trials, in summary the studies showed a low risk of selection bias but high risk of performance and
detection bias due to the lack of blinding of participants, personnel and outcome assessors. (Figure 2).

The studies with other methodology (47–55) were evaluated with JBI Critical Appraisal Checklist for
quasi-experimental studies from the Faculty of Health and Medical Sciences at the University of Adelaide,
South Australia, it can be seen that 7 of the 9 articles ful�lled more than 50% of the checklist items.
(Table 2.)
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Table 2

JBI Critical appraisal checklist for quasi-experimental studies
ITEM Yes No Unclear

1. Is it clear in the study what is the ‘cause’ and what is the ‘effect’ (i.e. there is
no confusion about which variable comes �rst)?

8 0 1

2. Were the participants included in any comparisons similar? 7 2 0

3. Were the participants included in any comparisons receiving similar
treatment/care, other than the exposure or intervention of interest?

8 1 0

4. Was there a control group? 7 2 0

5. Were there multiple measurements of the outcome both pre and post the
intervention/exposure?

7 2 0

6. Was follow up complete and if not, were differences between groups in
terms of their follow up adequately described and analysed?

7 2 0

7. Were the outcomes of participants included in any comparisons measured
in the same way? 

9 0 0

8. Were outcomes measured in a reliable way? 9 0 0

9. Was appropriate statistical analysis used? 9 0 0

 

Quality of evidence

We found moderate quality of evidence for the effects of interventions in Pain Modulation. Very low-
quality evidence was found about effects on changes of Quality life (See Figure 3).

Discussion
The use of rTMS brain stimulation to treat neuropathic pain has increased signi�cantly in recent years,
followed by rapid growth in related studies (32,56–58). The present systematic review identi�ed 9
randomized trials and 9 observational studies, with only 2 of those articles speci�c for the oncologic
population (38,47).

Pain is a complex symptom of great importance and impact on the well-being of people with different
pathologies and is associated with a high economic burden, for this reason, it requires comprehensive
and priority care (59,60). Epidemiological surveys have shown that many patients with neuropathic pain
do not receive adequate treatment (61). This may be due to a lack of diagnostic precision, insu�cient
understanding of the pathophysiological mechanisms of pain, and relatively ineffective pharmacological
and non-pharmacological treatment options (62,63). Therefore, better approaches and diversi�cation of
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therapeutic options are still necessary, which allow an effective modulation of pain and a positive impact
on quality of life (64).

rTMS is a non-invasive procedure that has been widely recognized as an effective treatment for
intractable neuropathic pain from different origins (25,65). Regarding the analgesic effects of rTMS, all
the 18 studies included in the systematic review described an improvement in pain rates, however, the
average of pain relief was very variable between studies, probably due to a different number of sessions,
frequency, origin of pain and follow up. Pommier, et al,. (2016) (49) reported that after three sessions,
patients had a 43% chance of experiencing at least 40% of pain relief with a mean duration of 17.8 days.
On the other hand, Khedr, et el,. (2015) (38) described that there were no signi�cant effects on the Visual
Analogue scale (VAS) after the �rst session, but these appeared after the �fth session.

Currently, there is not enough clinical evidence to determine the long-term effect of rTMS therapy. From
the included studies only one article performed a long follow-up with an average of 381.6 days (49).
These authors suggested that patients who had at least a 40% pain relief after three sessions have an
89% chance to experience pain relief at a 1-year follow-up. Some of the articles selected for the
systematic review included 2 to 4 weeks of follow-up (38,40,44,45,48). However, longer periods of pain
relief were reported by Hodaj et al (2020) (51) who found that the analgesic effect was still present at 5-
month follow-up.

Regarding the follow-up in the oncologic population Kehdr et al,. (2015) (38) described that the effect of
rTMS lasts at least for 2 weeks after the end of the treatment sessions but are no longer present at a 1-
month follow-up. The other article described that regarding the targeted extremity, the dysesthesia and
pain visual analog scores signi�cantly decreased at 2 months (47).

Some articles from the systematic review had assessed the variable of depression, which has shown a
relation with neuropathic pain (38,42–45,48,51,54)). This variable may be an interesting element to
evaluate for future investigations and it can promote a comprehensive assessment of neuropathic pain
from all the patient areas.

Finally, there is evidence available on the effectiveness of transcranial magnetic stimulation for
neuropathic pain, however, there are several methodological weaknesses due to inconsistency and
heterogeneous study design, study population, and outcome measures. Although the sample size of the
primary studies is small, they have the optimal information size (OIS), which favors precision in the
results. Thus, it is necessary to develop more rigorous and larger studies that can inform, standardize,
and improve clinical practice regarding the modulation of neuropathic pain with rTMS.

Conclusion
Based on the results of 18 experimental studies, including 9 randomized control trials and 9
observational articles, the current systematic review suggests that transcranial magnetic stimulation may
be and effective therapeutic option to treat oncological and non-oncological neuropathic pain. We found
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moderate quality of evidence for pain modulation; for quality of life the results are uncertain to determine
changes, we found very low evidence. Therefore, we suggest to include transcranial magnetic stimulation
into the treatment protocols for oncologic and non-oncologic neuropathic pain. Regarding quality of life
we suggest to develop larger studies were the impact of pain modulation in quality of life is measured.
Further, well-conducted RCTs including more standardized methodologies, and better-reported
interventions are warranted with special emphasis on oncological population.
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