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TMS: Transcranial Magnetic Stimulation 
Principe 

PEM:	potentiel	évoqué	moteur	
reflète	l’activité	musculaire	induite	
par	la	stimulation	corticale	

Activation 
Voie cortico- 
spinale 

TMS active sélectivement les 
neurones à orientation horizontale 

TMS permet de stimuler à travers 
(« trans ») le crâne 

et « mime » les stimulations 
corticales (ICMS) chez l’animal 

stimulateur	
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(EMG:	électromyographie)	

Bobine	de	
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Artefact	de	
stimulation	



D	

Volées	corticospinales	induites	par	TMS	

Burke	al.	Journal	of	Physiology	(1993)	470:	383-393	

Volées	corticospinales	induites	

Enregistrements	épiduraux	



Différentes	formes	de	sonde	TMS	



Champ	électrique	induit	en	fonction	
de	la	forme	de	la	sonde	

Sonde	en	cône	



Le	PEM	Ç	avec	le	nb	de	stimuli	

ISI	200	et	600		

Di	Lazzaro	et	al.	Clinical	Neurophysiology	(2010)	121:464-573c	

Pas	d’effet	sur	le	H	
aux	ISI	200	et	600		

Berardelli	et	al.Experimental	Brain	Research	(1998)	122:79-84	

rTMS	haute	fréquence	5Hz	
rTMS	



rTMS	basse	fréquence	1Hz	
rTMS	

Chen	et	al.Neurology	(1997)	48:1398	-1403c	

15	min	de	stimulation	
TMS	=115%	RMT	

Di	Lazzaro	et	al.	Clinical	Neurophysiology	(2010)	121:464-573c	



rTMS et Cortex moteur : rôle de la fréquence 

rTMS 1 Hz 

- ↓  excitabilité  
   corticale 

rTMS ≥ 5 Hz 

+ ↑ excitabilité  
     corticale 

↑de l’amplitude du PEM ↓ de l’amplitude du PEM 

Chen et al. 1997 
Maeda et al. 2000 
Muellbacher et al. 2000 

Pascual-Leone et al. 1994 
Maeda et al. 2000 
Romeo et al. 2000 



Courants	galvaniques	:		
tDCS	(transcranial	Direct	Current	Stimulation)	

•  Stimulation	anodale:	excitation	
•  Stimulation	cathodale	:	Inhibition	

Nitsche	et	al.	2000	
² 	Stimulation	placebo	



Theta	burst	Stimulation	(TBS)	

•  Train	de	3	coups	
•  fréquence	50Hz	
•  toutes	les	200	ms	(5Hz)	
•  80%	seuil	moteur	
•  Post-effets	+	longs		pour	

durée	stim	très	courte	<	60	
sec	(600	pulses	(sur	M1))	

Huang	et	al.	2005	



1. Introduction

Chronic neuropathic pain affects around 7% of the general

population [1]. Less than 30% of patients with neuropathic
pain have more than 50% pain relief with recommended
medications [2]. Moreover, several side effects limit the use of
these drugs, especially in vulnerable patients.

In the early 1990’s, epidural motor cortex stimulation
(EMCS) with surgically implanted electrodes over the dura
mater was proposed as a treatment for drug-resistant, central
neuropathic pain [3,4]. Since this first report, many studies
have confirmed the beneficial effects of the EMCS procedure to
treat chronic neuropathic pain of either peripheral or central
origin, although there is no large double-blind randomized

controlled trial published to date [5].
In the late 1990’s, it was shown that analgesia could also be

obtained noninvasively by means of repetitive transcranial
magnetic stimulation (rTMS) delivered at 10 Hz over the
primary motor cortex (M1) [6]. Since this preliminary report,
numerous studies have confirmed the value of ‘‘high-
frequency’’ rTMS (e.g., delivered at a frequency ranging
between 5 and 20 Hz), but not ‘‘low-frequency’’ rTMS (e.g.,
delivered at a frequency of 1 Hz or less) over M1 to relieve

neuropathic pain [7–9]. Several years later, another technique
of noninvasive cortical stimulation, transcranial direct
current stimulation (tDCS), was also found to provide
neuropathic pain relief when delivered anodally over M1

[10]. To date, it must be recognized that the level of evidence
still remains higher for rTMS than for tDCS concerning the
efficacy of noninvasive M1 stimulation in neuropathic pain
[11,12].

Although these various invasive and non-invasive techni-
ques can reduce neuropathic pain by stimulating the M1
cortical region, they do not share the same mechanisms of
action and analgesic potential, as reviewed in the following
sections and illustrated by Fig. 1.

2. General principles and mechanisms of
action of epidural motor cortex stimulation (EMCS)

The first report of EMCS for the treatment of chronic pain was
published in 1991 in a set of 12 patients with pain secondary to
central nervous system lesions, mostly thalamic stroke [3,4].
Two-thirds had continued significant effect of this therapy
after one year, but all the published results are not so good [13].
Several studies have been designed as crossover trials and

Fig. 1 – Non-invasive brain stimulation techniques proposed for neuropathic pain treatment. rTMS: repetitive transcranial
magnetic stimulation; tACS: transcranial alternating current stimulation; tDCS: transcranial direct current stimulation;
tRNS: transcranial random noise stimulation; CES: cranial electrotherapy stimulation.
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r e v u e n e u r o l o g i q u e 1  7  5  ( 2  0  1  9  ) 5  1  – 5  8

i n f o a r t i c l e

Article history:

Received 19 July 2018

Accepted 10 September 2018

Available online 12 October 2018

Keywords:

Brain stimulation

Motor cortex stimulation

Neuropathic pain

Transcranial electrical stimulation

Transcranial magnetic stimulation

a b s t r a c t

The use of medications in chronic neuropathic pain may be limited with regard to efficacy

and tolerance. Therefore, non-pharmacological approaches, using electrical stimulation of

the cortex has been proposed as an alternative. First, in the early nineties, surgically-

implanted epidural motor cortex stimulation (EMCS) was proven to be effective to relieve

refractory neuropathic pain. Later, non-invasive stimulation techniques were found to

produce similar analgesic effects, at least by means of repetitive transcranial magnetic

stimulation (rTMS) targeting the primary motor cortex (M1). Following ‘‘high-frequency’’

rTMS (e.g., stimulation frequency ranging from 5 to 20 Hz) delivered to the precentral gyrus

(e.g., M1 region), it is possible to obtain an analgesic effect via the modulation of several

remote brain regions involved in nociceptive information processing or control. This pain

reduction can last for weeks beyond the time of the stimulation, especially if repeated

sessions are performed, probably related to processes of long-term synaptic plasticity.

Transcranial direct current stimulation (tDCS), another form of transcranial stimulation,

using low-intensity electrical currents, generally delivered by a pair of large electrodes, has

also shown some efficacy to improve patients with chronic pain syndromes. The mecha-

nism of action of tDCS differs from that of EMCS and rTMS, but the cortical target is the

same, which is M1. Although the level of evidence of therapeutic efficacy in the context of

neuropathic pain is lower for tDCS than for rTMS, interesting perspectives are opened by

using at-home tDCS protocols for long-term management. Now, there is a scientific basis for

recommending both EMCS and rTMS of M1 to treat refractory chronic neuropathic pain, but

their application in clinical practice remains limited due to practical and regulatory issues.
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Ferrand, 58, rue Montalenbert, 63000 Clermont-Ferrand, France.

E-mail address: xavier.moisset@gmail.com (X. Moisset).

Available online at

ScienceDirect
www.sciencedirect.com

https://doi.org/10.1016/j.neurol.2018.09.014
0035-3787/# 2018 Elsevier Masson SAS. All rights reserved.

D’après	Moisset	et	Lefaucheur		



EST-CE	EFFICACE	SUR	LES	
DOULEURS	NEUROPATHIQUES?	

AG du 19 decembre 2019
Ecole du Val de Grace 

+ visio conférence



Evidence-based guidelines on the therapeutic use of repetitive
transcranial magnetic stimulation (rTMS)

Jean-Pascal Lefaucheur a,b,⇑, Nathalie André-Obadia c,d, Andrea Antal e, Samar S. Ayache a,b, Chris Baeken f,g,
David H. Benninger h, Roberto M. Cantello i, Massimo Cincotta j, Mamede de Carvalho k, Dirk De Ridder l,m,
Hervé Devanne n,o, Vincenzo Di Lazzaro p, Saša R. Filipović q, Friedhelm C. Hummel r, Satu K. Jääskeläinen s,
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Table 1
rTMS studies in chronic neuropathic pain (target: primary motor cortex).

Articles Number of
patients

Target, coil
type

Control condition Stimulation
frequency and
intensity

Number of pulses/session
and number of sessions

Results Class
of the
study

LF rTMS of M1 contralateral to pain side
Lefaucheur et al. (2001a) 18 M1, F8c Sham coil 0.5 Hz, 80% RMT 1000 pulses, 1 session Non-significant pain relief (4% responders) III
André-Obadia et al. (2006) 12 M1, F8c Tilted coil 1 Hz, 90% RMT 1600 pulses, 1 session Non-significant pain relief (0% responders) III
Irlbacher et al. (2006) 27 (active:

20;
control:
18)

M1, F8c Sham coil (2 Hz) 1 Hz, 95% RMT 500 pulses, 5 sessions Non-significant pain relief (6% responders) III

Lefaucheur et al. (2006a) 22 M1, F8c Sham coil 1 Hz, 90% RMT 1200 pulses, 1 session Non-significant pain relief (14% responders) II
Saitoh et al. (2007) 13 M1, F8c Tilted coil 1 Hz, 90% RMT 500 pulses, 1 session Non-significant pain relief (unknown % responders) III
Lefaucheur et al. (2008b) 46 M1, F8c Sham coil 1 Hz, 90% RMT 1200 pulses, 1 session Non-significant pain relief (9% responders) II
Recommendation: LF rTMS of M1 contralateral to pain side is probably ineffective in neuropathic pain (Level B)

HF rTMS of M1 contralateral to pain side
Lefaucheur et al. (2001a) 18 M1, F8c Sham coil 10 Hz, 80% RMT 1000 pulses, 1 session Significant pain relief (39% responders) III
Lefaucheur et al. (2001b) 14 M1, F8c Sham coil 10 Hz, 80% RMT 1000 pulses, 1 session Significant pain relief (57% responders) III
Lefaucheur et al. (2004b) 60 M1, F8c Sham coil 10 Hz, 80% RMT 1000 pulses, 1 session Significant pain relief (37% responders and 23%

improvement)
II

Khedr et al. (2005b) 48 (active:
28;
control:
20)

M1, F8c Tilted coil 20 Hz, 80% RMT 2000 pulses, 5 sessions Significant pain relief (79% responders) I

André-Obadia et al. (2006) 12 M1, F8c Tilted coil 20 Hz, 90% RMT 1600 pulses, 1 session Non-significant pain relief (36% responders and 11%
improvement)

III

Hirayama et al. (2006) 20 M1, F8c Tilted coil 5 Hz, 90% RMT 500 pulses, 1 session Significant pain relief (50% responders) II
Irlbacher et al. (2006) 27 (active:

19;
control:
18)

M1, F8c Sham coil (2 Hz) 5 Hz, 95% RMT 500 pulses, 5 sessions Non-significant pain relief (7% responders) III

Lefaucheur et al. (2006a) 22 M1, F8c Sham coil 10 Hz, 90% RMT 1200 pulses, 1 session Significant pain relief (55% responders) II
Saitoh et al. (2007) 13 M1, F8c Tilted coil 5–10 Hz, 90% RMT 500 pulses, 1 session Significant pain relief (50% responders) III
André-Obadia et al. (2008) 28 M1, F8c Sham coil 20 Hz, 90% RMT 1600 pulses, 1 session Significant pain relief only with posteroanterior orientation

of the coil (13% improvement)
II

Lefaucheur et al. (2008b) 46 M1, F8c Sham coil 10 Hz, 90% RMT 1200 pulses, 1 session Significant pain relief (43% responders) II
Kang et al. (2009) 11 (spinal

cord
injury)

M1, F8c Tilted coil 10 Hz, 80% RMT 1000 pulses, 5 sessions Non-significant pain relief (14% improvement) III

Ahmed et al. (2011) 27 (active:
17;
control:
10)

M1, F8c Tilted coil 20 Hz, 80% RMT 2000 pulses, 5 sessions Significant pain relief (up to 2 months after rTMS) II

André-Obadia et al. (2011) 45 M1, F8c Sham coil 20 Hz, 90% RMT 1600 pulses, 1 session Significant pain relief (10% improvement) II
Lefaucheur et al. (2011b) 59 M1, F8c Sham coil 10 Hz, 90% RMT 2000 pulses, 1 session Significant pain relief (36% responders and 22% improvement

for ‘‘active-sham’’ condition)
II

Hosomi et al. (2013) 64 M1, F8c Active coil placed over inactive
coil combined with electrical
scalp stimulation

5 Hz, 90% RMT 500 pulses, 10 sessions Significant short-term pain relief (20% responders and 4%
improvement for ‘‘active-sham’’ condition), but no significant
cumulative improvement

I

Jetté et al. (2013) 16 (spinal
cord
injury)

M1, F8c Sham coil 10 Hz, 90% RMT
(hand area), 110%
RMT (leg area)

2000 pulses, 1 session Significant pain relief for hand or leg area stimulation for 48 h
(about 15% improvement)

III

André-Obadia et al. (2014) 20 M1, F8c Sham coil 20 Hz, 90% RMT 1600 pulses, 1 session Significant pain relief (15% improvement), predictive of
subsequent positive outcome of implanted chronic motor
cortex stimulation

III

Recommendation: definite analgesic effect of HF rTMS of M1 contralateral to pain side in neuropathic pain (Level A)
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excellent for this technique, even in patients with chronic
refractory pain, as recently highlighted in the multicenter study
by Hosomi et al. (2013). Finally, the exact place of rTMS in the ther-
apeutic armamentarium against neuropathic pain remains to be
defined, in particular whether multiple-session rTMS has the
potential to become a long-term treatment for neuropathic pain
(alone or in combination), or whether it should remain an ancillary
method to select optimal candidates for neurosurgically implanted
EMCS.

In this latter context, it has been shown that HF rTMS of M1
could predict the outcome of EMCS (Lefaucheur et al., 2004a;
André-Obadia et al., 2006, 2014; Hosomi et al., 2008). However,
rTMS tests can be used only to confirm the indication of EMCS
therapy but not to exclude patients from implantation. This would
require sham-controlled sessions (Lefaucheur et al., 2011b;
André-Obadia et al., 2014) and a rigorously established timing of
placebo sessions (André-Obadia et al., 2011). In any case, it is good
clinical practice to perform such preoperative rTMS tests before
considering EMCS therapy.

3.2. Non-motor cortical targets in neuropathic pain

The available evidence on the analgesic efficacy of rTMS applied
to cortical targets other than M1 is quite scarce to date. A single
study on 20 patients using neuronavigated HF rTMS (Hirayama
et al., 2006), whose results were later reproduced in another pub-
lication from the same group (Saitoh et al., 2006), described the
lack of analgesic efficacy of rTMS applied over the dPMC, SMA, or
S1, whereas stimulation of M1 provided pain relief.

The possible value of DLPFC stimulation is under investigation,
motivated by the proven efficacy of this target in depression, and
the well-known relation between depression and chronic pain.
Two pilot studies on, respectively, 4 and 9 patients with neuro-
pathic pain, have suggested a pain-relieving effect of rTMS applied
either at LF over the right DLPFC or at HF over the left DLPFC, these
analgesic effects being independent of the changes in mood
induced by the stimulation (Borckardt et al., 2009; Sampson
et al., 2011).

3.3. Non-neuropathic pain

The analgesic effects of rTMS have been assessed in connection
with various pain syndromes of non-neuropathic origin, such as
fibromyalgia, migraine, complex regional pain syndrome (CRPS)
of type I, and visceral and postoperative pain. A PubMed search
(keywords: rTMS/TBS AND (complex regional pain syndrome OR
fibromyalgia OR migraine OR visceral pain) identified 45 papers,
including 11 original placebo-controlled studies with at least 10
patients who received active stimulation for fibromyalgia, CRPS
or visceral pain.

CRPS Type I. Two sham-controlled studies evaluated the efficacy
of HF rTMS of M1 in patients with non-neuropathic CRPS Type I.
They showed a significant reduction of pain intensity, starting

almost immediately during the stimulation, but outlasting stimu-
lation very shortly on average (Pleger et al., 2004; Picarelli et al.,
2010). Actually, there was high variation between the patients
regarding the duration of treatment response, one patient experi-
encing total pain relief for up to 3 months following rTMS
(Picarelli et al., 2010). Together, these 2 Class II–III studies involve
a total of 32 patients and report a possible analgesic effect from HF
rTMS of M1 on CRPS Type I (Level C recommendation) (Table 2).
There are currently no studies specifically assessing rTMS efficacy
in CRPS Type II.

Fibromyalgia. The literature search identified 7 rTMS studies on
the treatment of pain associated with fibromyalgia (total of 135
patients). These included 6 controlled studies with 2 papers on
the same series of patients (Mhalla et al., 2011; Baudic et al.,
2013) and one case series (Sampson et al., 2006). A prospective,
randomized, controlled, double-blind study (Class II) carried out
with 30 fibromyalgia patients (15 active rTMS vs. 15 sham rTMS)
showed a significant reduction of global pain on a numerical scale,
and improvement of quality of life for up to 1 month following 10
daily sessions of HF rTMS of the left M1 (Passard et al., 2007). A
second study from the same team carried out with 30 fibromyalgia
patients (16 active rTMS vs. 14 sham rTMS) confirmed these results
and suggested maintenance sessions to achieve a possible pro-
longed effect of several months (Mhalla et al., 2011). However,
no table can be presented for HF rTMS of M1 in fibromyalgia,
because all of the controlled studies were performed by the same
group (Passard et al., 2007; Mhalla et al., 2011; Baudic et al.,
2013). The potential efficacy of HF rTMS delivered to the left M1
has not been reported to date by another team in a series of
patients with fibromyalgia.

HF rTMS also showed analgesic efficacy (mean 29% difference in
pain relief between active and sham conditions) when applied to
the left DLPFC in 10 patients with fibromyalgia and depression,
as compared with 10 other receiving sham stimulation (Short
et al., 2011). Another controlled study on a small sample size
(5 active rTMS vs. 5 sham rTMS but performed at LF) confirmed
the efficacy of HF rTMS of the left DLPFC, while LF rTMS of the right
DLPFC appeared to be more efficacious (Lee et al., 2012b). Two fur-
ther studies assessed the value of LF rTMS of the right DLPFC in
patients with fibromyalgia and depression. The first open study
(Class IV) showed rTMS efficacy in a case series of only 4 patients
(Sampson et al., 2006), whereas the second study (Class III)
(Carretero et al., 2009) did not find any analgesic effect in the 14
treated patients, compared to the 12 patients receiving sham rTMS.
Thus, no conclusion can be drawn as yet on the possible value of
the DLPFC target in fibromyalgia. Again, no table can be presented
because the literature does not provide 2 independent studies of at
least 10 patients receiving either HF rTMS of the left DLPFC or LF
rTMS of the right DLPFC. Therefore no recommendations can be
made for this target in this indication.

Migraine. Compared to fibromyalgia, there are much less data
on the therapeutic potential of rTMS in migraine. First, most rTMS
studies performed with migraineurs assessed the effects of rTMS

Table 2
rTMS studies in complex regional pain syndrome type I (target: primary motor cortex).

Articles Number of
patients

Target,
coil type

Control
condition

Stimulation
frequency
and intensity

Number of
pulses/session and
number of sessions

Results Class of
the study

Complex regional pain syndrome of type I
Pleger et al. (2004) 10 M1, F8c Tilted coil 10 Hz, 110% RMT 1200 pulses, 1 session Significant pain relief (70% responders,

but short-lasting effect, <1 h)
III

Picarelli et al. (2010) 22 (active:
11; control: 11)

M1, F8c Sham coil 10 Hz, 100% RMT 2500 pulses, 10
sessions

Significant pain relief (51%
improvement,
mostly for affective component of pain)

II

Recommendation: possible analgesic effect of HF rTMS of M1 contralateral to pain in complex regional pain syndrome type I (Level C)

J.-P. Lefaucheur et al. / Clinical Neurophysiology 125 (2014) 2150–2206 2159
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series of 10 or more patients receiving real stimulation therapy. For
this grading, when a given research group published several stud-
ies with the same methodology for the same clinical indication,
only one study from this group was considered (the one of the best
class). Trials performed in healthy subjects or using single-session
protocols were not considered in this work to focus on the poten-
tial therapeutic impact of repeated rTMS sessions in the short or
long term.

This article presents tables summarizing the data reported for
each indication in which at least two comparable studies (with
the same methodology) of Class I to III were published by indepen-
dent groups from March 2014 to the end of December 2018. This
period of literature search is subsequent to that our previous work.
For information, table data corresponding to papers published
before March 2014 and reviewed in our previous article (Lefau-
cheur et al., 2014) are available as e-only supplementary material
to the present article (e-Table 1). The recommendations proposed
in this article refer not only to the 2014–2018 period but also take
into account all previous data analyzed in the 2014 article. Thus,
for all the sections, the current guidelines are based on the whole
literature database since the beginning of rTMS publications.

2. Pain

A PubMed search (keywords: (rTMS OR theta burst stimulation)
AND pain) identified 165 papers in the 2014–2018 period, includ-
ing 17 original sham-controlled studies with at least 10 patients
receiving real stimulation for several daily sessions.

2.1. Motor cortex stimulation in neuropathic pain

In our previous work (Lefaucheur et al., 2014), a Level A of def-
inite analgesic effect was stated for the use of HF rTMS of the pri-
mary motor cortex (M1) applied contralaterally to the pain side in
patients with neuropathic pain. During the 2014–2018 period, four
sham-controlled Class II studies with limited sample size were
published, all confirming the beneficial effect of this procedure
(Table 1).

In one study, a total of 40 patients with postherpetic neuralgia
were randomly assigned to receive 10 sessions of real (n = 20) or

sham (n = 20) rTMS of M1 over two weeks (Ma et al., 2015). The
pattern of stimulation was relatively unusual, consisting of 300
trains of 5 seconds with an intertrain interval of 3 seconds for a
total of 1500 pulses delivered at 80% of the resting motor threshold
(RMT) in a session of 40 minutes. The real rTMS group had greater
pain reduction than the sham group with an average pain reduc-
tion of 45–50% persisting at 3 months after the last rTMS session.
Half of the patients who received real rTMS were considered
responders (>50% pain intensity score reduction). Analgesic effects
were associated with an improvement in quality of life scores.

Another sham-controlled parallel-arm study assessed the effi-
cacy of 10 daily sessions of 20 Hz-rTMS of M1 performed over
two weeks in 30 patients (15 real, 15 sham) suffering from neuro-
pathic pain in the context of malignancy (Khedr et al., 2015). The
pattern of stimulation was more usual, consisting of 10 trains of
10 seconds with an intertrain interval of 30 seconds for a total of
2000 pulses delivered in a session of 6–7 minutes. The figure-of-
8 coil was placed over the M1 representation of the hand on the
hemisphere contralateral to the painful side, with coil orientation
parallel to the interhemispheric midsagittal line, as recommended
(André-Obadia et al., 2008; Lefaucheur, 2016). The group of
patients treated with real rTMS had greater improvement in pain
intensity scores than the sham group, with an average pain reduc-
tion of 35–40% two weeks after the last session, but the beneficial
effect disapppeared by one month. More than 80% of the patients
were considered responders (>30% pain intensity score reduction).
A short-lasting difference between real and sham stimulation was
also observed in terms of depression and neuropathic symptom
score improvement. The short duration of the rTMS sessions in this
study (6–7 minutes) could explain the rather modest analgesic
effects, regardless of the number of pulses per session, as suggested
in another study (Hodaj et al., 2015).

In a third study, the targeting was based on cortical maps pro-
vided by motor evoked potential (MEP) recording to TMS per-
formed with a navigation system integrating magnetic resonance
imaging (MRI) of the brain (Nurmikko et al., 2016). The trial
enrolled 27 patients with unilateral neuropathic pain of various
causes and locations who completed the study with the compar-
isons of three target sites: (i) the motor hotspot (i.e. the cortical
site of the ‘‘affected hemisphere” where MEPs of maximal ampli-

Table 1
HF-rTMS of M1 contralateral to pain region in neuropathic pain.

Articles Number of
patients

Target, coil type Control
condition

Stimulation
frequency
and
intensity

Number of
pulses/
session and
number of
sessions

Significant clinical effects of real versus
sham condition

Class
of
the
study

Khedr et al. (2015) 30 patients with
malignant
neuropathic pain
(real: 15; sham:
15)

Hand M1 contralateral to
pain, F8c (anteroposterior
orientation)

Tilted coil 20 Hz, 80%
RMT

2000 pulses,
10 sessions

Reduction of pain score at the end of
rTMS protocol (49% on VRS and 37% on
VAS), up to 2 weeks after the last session
(46% on VRS and 36% on VAS); 87–80%
responders (>30% pain relief)

II

Ma et al. (2015) 40 patients with
postherpetic
neuralgia (real:
20; sham: 20)

Homotopic M1
contralateral to pain
region, F8c
(anteroposterior
orientation)

Tilted coil 10 Hz, 80%
RMT

1500 pulses,
10 sessions

Reduction of pain score (17% on VAS), up
to 3 months after the last session; 50%
responders (>50% pain relief)

II

Attal et al., 2016 32 patients with
neuropathic
lumbar radicular
pain (real: 21;
sham: 11)

Hand M1 contralateral to
pain, F8c (anteroposterior
orientation)

Sham coil 10 Hz, 80%
RMT

3000 pulses,
3 sessions

Reduction of pain score at the end of
rTMS protocol (#60% on VAS), up to
5 days after the last session (#25% on
VAS); 43% responders (>30% pain relief)

II

Nurmikko et al.
(2016)

27 patients with
neuropathic pain
of various origins
(crossover)

Homotopic M1
contralateral to pain
region or an adjacent
motor region, F8c
(perpendicular to central
sulcus)

Occipital
stimulation

10 Hz, 90%
RMT

2000 pulses,
5 sessions

Reduction of pain score compared to
control condition one week after the last
session (9–11% on VAS); 30% responders
(>30% pain relief)

II

J.-P. Lefaucheur et al. / Clinical Neurophysiology 131 (2020) 474–528 477
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Summary of findings for the main comparison.   Repetitive transcranial magnetic stimulation (rTMS) compared with
sham for chronic pain

rTMS compared with sham for chronic pain

Patient or population: adults with chronic pain

Settings: laboratory/ clinic

Intervention: active rTMS

Comparison: sham rTMS

Outcomes Effect size Relative and absolute effect

(average % improvement (re-
duction) in pain (95% CIs) in re-
lation to post-treatment score
from sham group)*

*Where 95%CIs do not cross the
line of no effect.

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Pain intensity (0 to < 1 week
postintervention)

measured using visual analogue
scales or numerical rating scales

SMD -0.22 (-0.29
to -0.16)

This equates to a 7% (95% CI 5% to
9%) reduction in pain intensity, or
a 0.40 (95% CI 0.53 to 0.32) point
reduction on a 0 to 10 pain intensi-
ty scale.

655 (27) ⊕⊕⊝⊝ low1

Disability (0 to < 1 week postin-
tervention)

measured using self-reported dis-
ability/pain interference scales

SMD -0.29, 95%
CI -0.87 to 0.29

- 119 (5) ⊕⊝⊝⊝

very low2

Quality of life (0 to < 1 week
postintervention)

measured using Fibromyalgia Im-
pact Questionnaire

MD -10.80, 95%
CI -15.04 to -6.55

- 105 (4) ⊕⊕⊝⊝ low3

CI: confidence interval; MD: mean difference; rTMS: repetitive transcranial magnetic stimulation; SMD: standardised mean difference

GRADE Working Group grades of evidence

High quality: we are very confident that the true effect lies close to that of the estimate of the effect;

Moderate quality: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect, but
there is a possibility that it is substantially different;

Low quality: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect;

Very low quality: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

1Downgraded once for study limitations due to high or unclear risk of bias and once for inconsistency due to heterogeneity.
2Downgraded once for study limitations due to high or unclear risk of bias, once for inconsistency due to heterogeneity and once for
imprecision due to low participant numbers.

Non-invasive brain stimulation techniques for chronic pain (Review)
Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
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4



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

2Downgraded once for study limitations due to high or unclear risk of bias, once for inconsistency (single study) and once for imprecision
due to low participant numbers.
 
 
Summary of findings 3.   Transcranial direct current stimulation (tDCS) compared with sham for chronic pain

tDCS compared with sham for chronic pain

Patient or population: adults with chronic pain

Settings: laboratory/ clinic

Intervention: active tDCS

Comparison: sham tDCS

Outcomes Effect size Relative effect

(average % improvement (re-
duction) in pain (95% CIs) in re-
lation to post-treatment score
from sham group)*

*Where 95%CIs do not cross the
line of no effect.

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Pain intensity (0 to < 1 week
postintervention)

measured using visual analogue
scales or numerical rating scales

SMD -0.43 (-0.63
to -0.22)

This equates to a 17% (95% CI 9%
to 25%) reduction in pain inten-
sity or a 0.82 (95% CI 0.42 to 1.2)
point reduction on a 0 to 10 pain
intensity scale.

747 (27) ⊕⊝⊝⊝ very low1

Disability (0 to < 1 week postin-
tervention)

measured using self-reported dis-
ability/pain interference scales

SMD -0.01, (95%
CI -0.28 to 0.26)

- 212 (4) ⊕⊕⊝⊝ low2

Quality of life (0 to < 1 week
postintervention)

measured using different scales
across studies

SMD 0.66, 95% CI
0.21 to 1.11

- 82 (4) ⊕⊕⊝⊝ low2

CI: confidence interval; MD: mean difference; SMD: standardised mean difference; tDCS: transcranial direct current stimulation

GRADE Working Group grades of evidence

High quality: we are very confident that the true effect lies close to that of the estimate of the effect;

Moderate quality: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect, but
there is a possibility that it is substantially different;

Low quality: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect;

Very low quality: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

1Downgraded once for study limitations due to high or unclear risk of bias, once for inconsistency due to heterogeneity and once for
evidence of possible publication bias.
2Downgraded once for study limitations due to high or unclear risk of bias and once for imprecision due to low participant numbers.

Non-invasive brain stimulation techniques for chronic pain (Review)
Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.
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Est-ce	efficace?	

•  Recommandation	de	grade	A	pour	la	rTMS	
dans	les	douleurs	neuropathiques	

•  Niveau	C	pour	le	tDCS	et	le	thetaburst	
•  Pas	de	recommandations	pour	les	autres	
techniques	
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intermittent theta burst stimulation (iTBS), was non-inferior
to high-frequency rTMS to produce antidepressant effects,
when applied to the dorsolateral prefrontal cortex [60]. The
advantage of iTBS is the shorter duration of each session
compared to high-frequency rTMS (3 min vs. 37.5 min.). The

potential interest of theta burst stimulation for pain treatment
is under investigation [61], although not validated yet [62].

The mechanisms at the origin of the analgesic effects of
high-frequency rTMS of M1 in neuropathic pain are very
similar to those of EMCS, as shown by the predictive value of
rTMS [39,40]. The stimulation of M1 modulates neural activity
in pain networks and nociceptive inhibitory control structures
not only locally but also in remote brain regions, leading to
pain relief [43,63,64]. Again, various neurotransmitter systems
have been implied, involving complex opioidergic, glutama-
tergic, or gabaergic modulations [65–67].

From now on, meta-analyses showed a rather beneficial
impact of high-frequency rTMS of M1 on neuropathic pain
[68,69], although there is some controversy regarding clinical
meaningfulness [65]. A single rTMS session induces a maximal
pain relief after two to three days and can last up to eight days

[70]. For therapeutic purposes, repeated rTMS sessions are
needed [71]. A few studies showed the value of a maintenance
protocol of high-frequency M1-rTMS sessions to manage
chronic neuropathic or non-neuropathic pain syndromes in
clinical practice in the long term (at least six months)
[54,57,58,72]. Therefore, recommendations now exist for the
use of high-frequency rTMS of M1 to treat patients with
chronic neuropathic pain syndrome [7,11]. Other cortical
targets also have a potential analgesic interest, such as the
dorsolateral prefrontal cortex or the insular cortex, but there is
insufficient data to make any recommendation for the

Fig. 2 – Main brain structures modulated by M1 stimulation and possibly involved in its analgesic effects. ACC: anterior
cingulate cortex; DLPFC: dorsolateral prefrontal cortex; Hyp: hypothalamus; ISI: inter-stimulus interval; LC: locus coeruleus;
M1: primary motor cortex; N Acc: Nucleus accumbens; RVM: rostral ventromedial medulla; SN: Substancia nigra; Thal:
thalamus; VTA: ventral tegmental area; ZI: zona incerta. Adapted from [38].
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a b s t r a c t

The use of medications in chronic neuropathic pain may be limited with regard to efficacy

and tolerance. Therefore, non-pharmacological approaches, using electrical stimulation of

the cortex has been proposed as an alternative. First, in the early nineties, surgically-

implanted epidural motor cortex stimulation (EMCS) was proven to be effective to relieve

refractory neuropathic pain. Later, non-invasive stimulation techniques were found to

produce similar analgesic effects, at least by means of repetitive transcranial magnetic

stimulation (rTMS) targeting the primary motor cortex (M1). Following ‘‘high-frequency’’

rTMS (e.g., stimulation frequency ranging from 5 to 20 Hz) delivered to the precentral gyrus

(e.g., M1 region), it is possible to obtain an analgesic effect via the modulation of several

remote brain regions involved in nociceptive information processing or control. This pain

reduction can last for weeks beyond the time of the stimulation, especially if repeated

sessions are performed, probably related to processes of long-term synaptic plasticity.

Transcranial direct current stimulation (tDCS), another form of transcranial stimulation,

using low-intensity electrical currents, generally delivered by a pair of large electrodes, has

also shown some efficacy to improve patients with chronic pain syndromes. The mecha-

nism of action of tDCS differs from that of EMCS and rTMS, but the cortical target is the

same, which is M1. Although the level of evidence of therapeutic efficacy in the context of

neuropathic pain is lower for tDCS than for rTMS, interesting perspectives are opened by

using at-home tDCS protocols for long-term management. Now, there is a scientific basis for

recommending both EMCS and rTMS of M1 to treat refractory chronic neuropathic pain, but

their application in clinical practice remains limited due to practical and regulatory issues.
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Où	stimuler?	

•  Cortex	moteur	primaire	:	
–  recommandations	grade	A	

•  Autres	sites	:	
–  Préfrontal	
–  S1	et	S2	
–  Trop	peu	d’études	pas	de	
recommandations	

	



European Journal of Pain, Volume: 22, Issue: 4, Pages: 707-715, First published: 01 December 2017, DOI: (10.1002/ejp.1156)  

Où	stimuler?	
•  Pas	de	somatotopie	
•  Recommandation	:	l’aire	de	la	main	



Quel	programme?	

•  Haute	fréquence	>5	Hz	:	10Hz,	20	Hz	
•  Nombre	de	coups	:	1200	à	2000	pulses	par	
session	

•  80%	du	seuil	moteur	
•  Des	trains	de	5	à	10s		
•  Des	repos	de	20	à	60	s	
•  1	à	5	sessions	
•  Tous	les	1	à	6	mois	



Combien	de	temps	ça	marche?	

•  1	session	:		
– Début	d’effet	1	à	3	jours	
– Durée	5	à	7	jours	

•  5	sessions	:	
–  Jusqu’à	1	mois	d’efficacité	



Les	effets	indésirables	

•  Crise	d’épilepsie	:		
– Cf	recommandations	européenne	

•  Migraine	
•  maux	de	tête	
•  Trouble	de	l’attention	
•  Acouphènes,	phosphènes	

•  Tous	transitoires	



QUELLE	PLACE	DANS	LE	TRAITEMENT	
DES	DOULEURS	NEUROPATHIQUES?	

AG du 19 decembre 2019
Ecole du Val de Grace 
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Test	pré-implantatoire?	

•  Essai	d’une	session		
•  Si	efficace	:	

–  Diminution	50%	
douleurs	dans	les	1	à	3	j	

•  Implantation	électrodes	
épidurales	sur	le	cortex	
moteur	

	





NOTRE	EXPERIENCE	



	

Methods	
71	patients	were	included	(December	
2014-2017)	
Adults	
DN4	>	4	
No	contra	indication	to	rTMS	

rTMS 
10	Hz		20	min 
Contralateral	motor	cortex	to	
pain	 

motor	imagery	and	mirror	
therapy	
 
By	a	physiotherapist	2/	day 

5	Days		

rTMS		+		
motor	imagery	and	mirror	
therapy	
 

rTMS	+		
motor	imagery	and	mirror	
therapy	
 

1	Day		



	

Methods	

	
		BPI	score	 

Follow				up 

1st	session		
1	day 

2nd	session	
5	days	

•  Before	
•  48	hours	later	

•  Before	
•  At	the	end	of	5	days	

•  M1,	M3,	M6	



																																															Results	Patient	characteristics	
No.	of	patients	 71	

Sex	(male/female)	 43/28	
Mean	age	 56,3	

	Pain	duration		mean	(years)	 6,5	
<	2	years		 38	
>	2	years	 33	

	Pathology	
Stroke	 32	

Multiple	sclerosis	 6	
Spinal	cord	injuries	 31	

Head	trauma	 2											
	Pain	Location	

Arm	(unilateral	/	both	side)	 16/2	

Leg	(unialtearl	/	both	side)	 19/8	
Hemibody	 18	
4	members	 7	

Ø  	Day	0	:	n=	71	

Ø  	48	H:	n=	39		

Ø  D1:	n=	

Ø  D5:	n=	

Ø  	M1:	n=	47	

Ø  	M3:	n=	46	

Ø  	M6:	n=	33	
	



•  Primary	outcome	=	decreasing	of	the	most	
intense	pain	of	two	points		

• Responders	
Ø 30,5%	at	48	hours	(n=	39)	
Ø 25,5%	at	M1	(n=	47)	
Ø 28,2%	at	M3	(n=	46)	
Ø 33,3%	at	M6	(n=	33)	

(Results)	
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Conclusion	
Ø  rTMS	et	douleurs	neuropathiques	:	grade	A	,	effet	temporaire	
Ø  Répétitions	de	sessions	de	rTMS	et/ou	techniques	complémentaires		

(imagerie	en	miroir	ou	imagination	du	mouvement)	augmentent	la	
durée	d’efficacité	

Ø  Il	existe	de	bons	répondeurs	:	30%	dans	notre	série	
Ø  Si	bonne	réponse	mais	courte	(<1mois)	=	test	préimplantatoire	d’une	

stimulation	épidurale	du	cortex	moteur	
Ø  Traitement	de	3ième	ligne	des	douleurs	neuropathiques	


