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Abstract
Repetitive transcranial magnetic stimulation (rTMS) has increasingly been used to modify cortical maladaptive plastic changes
shown to occur in fibromyalgia (FM) and to correlate with symptoms. Evidence for its efficacy is currently inconclusive, mainly due to
heterogeneity of stimulation parameters used in trials available to date. Here, we reviewed the current evidence on the use of rTMS
for FM control in the format of a narrative review, in which a systematic dissection of the different stimulation parameters would be
possible. We conducted a search inMedline and Embase for controlled trials on rTMS in people with FMwith at least 10 participants
in each treatment arm, and treatment/follow-up of at least 3 weeks. The search identified 482 abstracts, of which 45 were screened
to full review, and 11 met inclusion criteria. Six out of 11 trials were positive. The dorsolateral prefrontal cortex was the target in 218
patients (49.2%), and the primarymotor cortex (M1) in 225 (50.8%). Studies targetingM1 at 10Hz, with stimulation current delivered
in the posterior-anterior, were systematically positive, frequently showing thatmaintenance sessions deliveredweekly, and biweekly
were able to maintain the analgesic effects seen after daily induction sessions. Studies assessing the effects of rTMS for FM are still
marked by heterogeneity in stimulation petameters, choice of primary outcomes, and inclusion criteria. The selection of the
stimulation parameters associated with significant analgesic effects is likely to benefit following larger multicenter trials and improve
the overall management of pain and associated symptoms in people with FM.
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1. Introduction

Fibromyalgia (FM) is a primary chronic pain disorder.42 Nociplastic
pain mechanisms are believed to play a significant role in the
generation andmaintenance of pain and related symptoms.2,6,8,24,25

Fibromyalgia prevalence has increased worldwide during the last
years40 and is estimated to reach2.7% in thegeneral population.31,39

People with FM have a general lower quality of life, consume higher
health care resources, and face lowerwork productivity compared to
general population. These factors are, in part, due to the low efficacy
of current therapeutic options30,41 and the subsequent impact of
persisting symptoms on the lives of patients.25,26,45

More than a third of people with FM may not reach meaningful
pain relief with medications and nonpharmacologic therapies are
frequently offered as an attempt to improve clinical results.41

Among nonpharmacologic interventions, noninvasive brain stim-
ulation techniques have increasingly been used to treat pain
syndromes and other neuropsychiatric disorders.18,28,29 The
most used technique is repetitive transcranial magnetic stimula-
tion (rTMS).17,19,22 Repetitive transcranial magnetic stimulation is
based on the principle of electromagnetic induction and refers to
the application of a coil to the scalp, over the orthogonal
projection of the cortical area that is being aimed at, and is
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believed to influence cortical maladaptive neuroplastic processes
related to abnormal gain in pain processing2,5,6,24,25 in FM.
Depending on several parameters, including frequency of the
pulses delivered, depolarization of neuronal assembles may
occur, and long-term plastic changes in cortical activity can be
induced.35,47 Repetitive transcranial magnetic stimulation de-
livered to the dorsolateral prefrontal cortex (dlPFC) at high
frequency (usually above 10 Hz) or to the right dlPFC at low
frequencies (ie, 1 Hz) is approved by the FDA for themanagement
of major depression,11 and its use over the motor cortex (M1) has
been repetitively shown to control neuropathic pain in larger
trials,3,4 and lately, for the first time, it was formally recommended
in national guidelines for the control of neuropathic pain.36

Stimulation to the dlPFC and the motor cortex are known to
induce long-lasting analgesic effects in healthy people,37 and to
increase pain thresholds toward analgesia, which depends on the
availability of N-methyl-D-aspartate glutamate receptors to
occur.10,35 Animal,38 healthy human,13 and patient studies32

have shown that M1 stimulation has part of its effects depending
on the release of endogenous opioids, while evidence for this in
dlPFC rTMS is less clear. People with fibromyalgia have been
shown to have defective GABA-dependent intracortical inhibition,
which is correlated to symptoms severity, and which is restored
toward normal values under treatment with motor cortex
rTMS.34,35

Despite the mechanistic framework supporting the analgesic
effects of rTMS for FM, studies targetingM1 or dlPFC have shown
conflicting results. While the heterogeneity of these studies
precludes quantitative literature synthesis analyses, we believe
a concise narrative review would allow for the dissection of the
most important variables leading to the current conflicting results
and pave the way for future trials in the field.

2. Methods

A search on Medline (through PubMed) and Embase from
inception to February 2024 with the following research strategy
was done: (“Noninvasive brain stimulation”OR“Transcranial
magnetic stimulation”)AND(“Fibromyalgia” OR “Fibromyalgia
syndrome”). Reference and citation list of relevant studies were
screened for eligibility: (1) prospective and controlled trials; (2)
reporting fibromyalgia diagnosis based on American College of
Rheumatology and with pain as the main outcome; (3) use of
repetitive transcranial magnetic stimulation; (4) at least 10
participants in each treatment arm; and (5) treatment/follow-up
of at least 3weeks. Articleswere searched by J.D.S.L. andD.C.A.
and data extracted by J.D.S.L. and V.A.S. J.D.S.L., D.C.A., and
V.A.S. analyzed and tabulated the included studies. In the
absence of sufficient quantitative data for a meta-analysis,
a qualitative presentation of the data has been made in the form
of a narrative review.

3. Results

Search retrieved 143 and 339 abstracts in Medline and Embase,
respectively. We reviewed 482 abstracts, 45 full articles were
selected for review, and 11 meeting inclusion criteria (n 5 443
women). Figure S1, http://links.lww.com/PR9/A271 summarized
the steps of literature search and study selection. The dlPFC was
the target in 218 patients (49.2%), and the primary motor cortex
(M1) in 225 (50.8%). Data from dlPFC TMS were retrieved from 6
studies, including one study including people with major de-
pression and comorbid FM,6,9,16,42,43,46 while data fromM1 TMS
were retrieved from 5 other studies.7,20,27,33,39 Six out of 11 trials

were positive. Concerning the dlPFC target, one study (n 5 28),
included people with major depression comorbid with FM
(negative study),9 while in 2 studies40,46 (n 5 54), people with
major depression were allowed to participate (both positive
studies). In 3 studies (n 5 136), people with major depression
were excluded (2 negative studies and one positive study).6,16,43

In all M1 studies,7,20,27,33,39 major depression was an exclusion
criterion (3 positive and 2 negative studies). The duration of
studies was in average 13 weeks (range 4–25). The mean
treatment duration was 9 weeks, and the mean follow-up post-
treatment was 4weeks. Full details of studies are in Tables S1 and
S2, http://links.lww.com/PR9/A271.

4. Discussion

The primary outcome was reached in 6 out of 11 studies. Primary
outcomes and outcome measures varied to a large extent and
included diverse pain intensitymeasures6,9,33,39,42,43,46 percentage
of respondersdefinedwith differentmethodologies,27 improvement
assessed by the global impression of change,27 quality of life
assessment,7 and the burden of FM symptoms.16,20 In some
studies, the main outcomes were assessed after the induction
treatment,7,9,27,39,42,46 in some after the maintenance period,6,20

and in some after a follow-up period without treatment.16,33,43

Beyond this heterogeneity lies the diversity of rTMSparameters
used, starting by the stimulation target. The dlPFC and M1 are
engaged differently during acute14,15 and chronic pain,1 and the
underlying mechanisms of their analgesic effects are considered
to be different.12 Regarding dlPFC targeting, the right side of
stimulation at low frequency (1 Hz) showed more consistently
positive results41,44 than the left side at high frequency42 (ie, 10
Hz). Both trials using low-intensity stimulation of the dlPFC were
positive, except for one that included peoplewith depression. Left
side stimulation trials provided negative results,6,16 except for
a positive trial42 with the lowest number of participants among all
studies to date. It was noteworthy that even when neuro-
navigation was used, the definition and the way to identify the
dlPFC varied enormously across studies and that may explain
part of the heterogeneity in the findings.6,16,42,46 Results of M1
stimulation are also heterogeneous, but some interesting features
can be identified across trials. Analyzing the 2 negative trials,20,27

both targeted the motor cortex via unusual27 or not referenced20

techniques. Also, the direction of the stimulation was not reported
in these 2 trials.20,27 It has been shown in people with neuropathic
pain that anterior-posterior TMS-induced current orientation can
provide analgesic effects, while latero-medial one does not, being
similar to sham.1 This is thought to be due to the differential types
of fibers within M1 that are activated by different stimulation
orientations. In addition, in one of the negative studies, rTMS was
added to a standardized rehabilitation protocol20 received by all
participants, which could insert ceiling effects. One of the
negative studies reported negative results due to unsuccessful
maintenance sessions where stimulation sessions occurred
every 3 weeks. However, active rTMS was significantly superior
to sham during the 3-week induction phase.27 Among the
positive studies,7,33,39 all aimed at the motor hot spot (the
representation on M1 of a specific muscle) based on neurophys-
iological and individual data and performed stimulations in the
anterior-posterior direction over M1.

One important issue is the presence of major depression
comorbid to FM. While mood symptoms are an inherent part of
the FM syndrome, major depressive disorder affects only around
22% of people with FM.23 M1 stimulation has been shown to
improve mood symptoms in patients with FM without major
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depression,33 but the effects of rTMS on both pain and major
depression symptoms remains to be determined. Allowing
a variable amount of people with major depression comorbid to
FM in trials42,46 may add variability to these studies and may
negatively affect their sensitivity to detect changes between
treatment arms. One possibility would be to design specific trials
for FM comorbid to major depressive disorder, as done
previously,9 and accept the more restricted external validity of
this approach. The interaction between pain and mood improve-
ment can be rather complex. Indeed, it has been shown that
antidepressant drugs having also analgesic effects provide
analgesic and antidepressive effects that occur in different
degrees across individuals, and in a differential temporal profile
in those experiencing improvement in both domains.21

In conclusion, studies assessing the effects of rTMS for FM are
still marked by heterogeneity in outcome and in the parameters of
stimulation. The inclusion of people with comorbid major
depression is a major point to consider where designing clinical
trials, as well as the targeting technique. Low-frequency
stimulation of the right dlPFC has shown promising results, as
well as M1 stimulation based on the representation of the motor
hot spot of hand muscles and with a current delivered in the
anterior-posterior orientation. Larger multicenter and interna-
tional trials accounting for these variables will possibly help to
share light into the use of rTMS for pain relief in people with FM,
along with integrative reviews including prestudy registry in
repositories and formal assessment for risk of bias.
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K, Araujo J, Stump PR, Kaziyama HH, Galhardoni R, Fonoff ET, Ballester
G, Zakka T, Bouhassira D, Teixeira MJ. Psychometric validation of the
Portuguese version of the neuropathic pain symptoms inventory. Health
Qual Life Outcomes 2011;9:107.

[14] De Martino E, Casali A, Casarotto S, Hassan G, Couto BA, Rosanova M,
Graven-Nielsen T, de Andrade DC. Evoked oscillatory cortical activity
during acute pain: probing brain in pain by transcranial magnetic
stimulation combined with electroencephalogram. Hum Brain Mapp
2024;45:e26679.

[15] De Martino E, Casali A, Casarotto S, Hassan G, Rosanova M, Graven-
Nielsen T, Ciampi de Andrade D. Acute pain drives different effects on
local and global cortical excitability in motor and prefrontal areas: insights
into interregional and interpersonal differences in pain processing. Cereb
Cortex 2023;33:9986–96.

[16] Fitzgibbon BM, Hoy KE, Knox LA, Guymer EK, Littlejohn G, Elliot D,
Wambeek LE, McQueen S, Elford KA, Lee SJ, Enticott PG, Fitzgerald PB.
Evidence for the improvement of fatigue in fibromyalgia: a 4-week left
dorsolateral prefrontal cortex repetitive transcranial magnetic stimulation
randomized-controlled trial. Eur J Pain (London, England) 2018;22:
1255–67.

[17] Forogh B, Haqiqatshenas H, Ahadi T, Ebadi S, Alishahi V, Sajadi S.
Repetitive transcranial magnetic stimulation (rTMS) versus transcranial
direct current stimulation (tDCS) in the management of patients with
fibromyalgia: a randomized controlled trial. Neurophysiol Clin 2021;51:
339–47. [Internet].

[18] Fregni F, El-Hagrassy MM, Pacheco-Barrios K, Carvalho S, Leite J, Simis
M, Brunelin J, Nakamura-Palacios EM, Marangolo P,
Venkatasubramanian G, San-Juan D, Caumo W, Bikson M, Brunoni
AR, Neuromodulation Center Working Group. Evidence-based
guidelines and secondary meta-analysis for the use of transcranial
direct current stimulation in neurological and psychiatric disorders. Int J
Neuropsychopharmacol 2021;24:256–313.

[19] Garcia-Larrea L, Quesada C. Cortical stimulation for chronic pain: from
anecdote to evidence. Eur J Phys Rehabil Med 2022;58:290–305.

[20] Guinot M, Maindet C, Hodaj H, Hodaj E, Bachasson D, Baillieul S,
Cracowski JL, Launois S. Effects of repetitive transcranial magnetic
stimulation and multicomponent therapy in patients with fibromyalgia:
a randomized controlled trial. Arthritis Care Res 2021;73:449–58.

[21] Harada E, Tokuoka H, Fujikoshi S, Funai J, WohlreichMM, OssipovMH,
Iwata N. Is duloxetine’s effect on painful physical symptoms in
depression an indirect result of improvement of depressive
symptoms? Pooled analyses of three randomized controlled trials.
PAIN 2016;157:577–84.

10 (2025) e1221 www.painreportsonline.com 3

http://links.lww.com/PR9/A271
www.painreportsonline.com


[22] Knotkova H, Hamani C, Sivanesan E, Le Beuffe MFE, Moon JY, Cohen
SP, Huntoon MA. Neuromodulation for chronic pain. Lancet (London,
England) 2021;397:2111–24.

[23] Kassam A, Patten SB. Major depression, fibromyalgia and labour force
participation: a population-based cross-sectional study. BMC
Musculoskelet Disord 2006;7:4–8.

[24] KaziyamaH, Barbour J, Galhardoni R, Aparecida da Silva V, R D Tesseroli
de Siqueira S, Listik C, Dos Santos GJ, Yeng LT, Marcolin MA, Raicher I,
TeixeiraMJ,Ciampi de AndradeD, de AndradeDC. Sifting thewheat from
the chaff? Evidence for the existence of an asymmetric fibromyalgia
phenotype. Eur J Pain (United Kingdom) 2020;24:1635–47.

[25] Lacasse A, Bourgault P, ChoinièreM. Fibromyalgia-related costs and loss
of productivity: a substantial societal burden. BMCMusculoskelet Disord
2016;17:168–9.

[26] Lachaine J, Beauchemin C, Landry PA. Clinical and economic
characteristics of patients with fibromyalgia syndrome. Clin J Pain
2010;26:284–90.

[27] Lacroix A, Vergne-Salle P, Dumont JC, Labrunie A, Balestrat P, Calvet B,
Girard M. Effectiveness of repetitive transcranial magnetic stimulation on
fibromyalgia patients responding to a first repetitive transcranial magnetic
stimulation induction course after six months of maintenance treatment:
a randomized pilot-controlled study. Neuromodulation 2022;25:624–32.

[28] Lefaucheur JP, Aleman A, Baeken C, Benninger DH, Brunelin J, Di
Lazzaro V, Filipovic SR, Grefkes C, Hasan A, Hummel FC, Jaaskelainen
SK, Langguth B, Leocani L, Londero A, Nardone R, Nguyen JP, Nyffeler
T, Oliveira-Maia AJ, Oliviero A, Padberg F, Palm U, Paulus W, Poulet E,
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