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Abstract—Objective: To assess cortical excitability changes in patients with chronic neuropathic pain at baseline and
after repetitive transcranial magnetic stimulation (rTMS) of the motor cortex. Methods: In 22 patients with unilateral
hand pain of various neurologic origins and 22 age-matched healthy controls, we studied the following parameters of
cortical excitability: motor threshold at rest, motor evoked potential amplitude ratio at two intensities, cortical silent
period (CSP), and intracortical inhibition (ICI) and intracortical facilitation. We compared these parameters between
healthy subjects and patients at baseline. We also studied excitability changes in the motor cortex corresponding to the
painful hand of patients after active or sham rTMS of this cortical region at 1 or 10 Hz. Results: At baseline, CSP was
shortened for the both hemispheres of patients vs healthy subjects, in correlation with pain score, while ICI was reduced
only for the motor cortex corresponding to the painful hand. Regarding rTMS effects, the single significant change was ICI
increase in the motor cortex corresponding to the painful hand, after active 10-Hz rTMS, in correlation with pain relief.
Conclusion: Chronic neuropathic pain was associated with motor cortex disinhibition, suggesting impaired GABAergic
neurotransmission related to some aspects of pain or to underlying sensory or motor disturbances. The analgesic effects
produced by motor cortex stimulation could result, at least partly, from the restoration of defective intracortical inhibitory
processes.
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In the beginning of the 1990s, chronic epidural stim-
ulation of the motor cortex was shown to produce
substantial relief of drug-resistant neuropathic
pain.1 Since then, cortical stimulators have been im-
planted in hundreds of patients with chronic pain.2
Several studies also reported transient neuropathic
pain relief following sessions of repetitive transcra-
nial magnetic stimulation (rTMS) delivered at 10 to
20 Hz over the primary motor cortex.3-5

The anatomic location and neurochemical media-
tion of the analgesic effects induced by motor cortex
stimulation have not been yet clearly identified. Met-
abolic changes have been found at a distance from
the stimulated motor cortex, in orbitofrontal/anterior
cingulate cortex, insula, and thalamic or brainstem
nuclei.6 These findings do not preclude that intracor-
tical excitability changes occur in motor circuits.

Motor cortex excitability can be assessed by
single- or paired-pulse TMS paradigms. Single-pulse
parameters include motor threshold, measured at
rest (RMT) or during facilitation; motor evoked po-
tential (MEP) amplitude, measured at different lev-
els of stimulus intensity or contraction force; and the
electromyographic cortical silent period (CSP).

Paired-pulse paradigms investigate intracortical in-
hibition (ICI) and intracortical facilitation (ICF) pro-
cesses, related to neural activities in GABAergic and
glutamatergic pathways.7

The goal of this study was to determine whether
motor cortex rTMS induced changes in motor cortex
excitability with respect to pain relief in a series of
patients with chronic neuropathic pain located in one
upper limb.

Methods. Patients and controls. We studied 22 right-handed
patients, 10 women and 12 men, ages 28 to 75 years, with a mean
(� SEM) age of 56.5 years (� 2.9), without a history of seizures
(table). All patients had chronic, drug-resistant, unilateral neuro-
pathic pain involving at least the hand, due to nerve trunk lesion
(n � 4), brachial plexus lesion (n � 4), cervical spinal cord lesion
(n � 4), or stroke located at the thalamus (n � 8) or the lateral
medulla (n � 2). These patients were referred for evaluation of the
indication of chronic motor cortex stimulation. This study was
included in the framework of a research program on motor cortex
stimulation for pain treatment that received authorization from
both national and local ethical committees.

Prior to any rTMS session, first-perception thresholds for
warm sensation and vibration were measured at the painful hand
using a TSA-2001/VSA-3000 apparatus (Medoc, Ramat Yishai, Is-
rael) and the method of limits.8 Five trials were averaged. Some
patients demonstrated severe sensory deficit in the painful zone,
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Table Clinical characteristics of the patients

Age,
y Pain origin Pain location

Pain
duration,

y

Pain
intensity
(VAS/10)

Motor deficit
in painful

zone

Sensory
deficit in

painful zone
Analgesic

medication

63 Thalamocapsulolenticular
hemorrhagic stroke

Right hemibody,
predominating
at the hand

7 6.5 Mild Severe Clomipramine, fluoxetine,
morphine sulfate

67 Traumatic lesion of the
brachial plexus (car accident)

Entire right upper limb,
predominating
at the hand

3 8.0 Mild Mild Amitriptyline, clomipramine,
clonazepam

44 Traumatic lesion of the median
and ulnar nerves at the wrist
(self-cutting, suicide attempt)

Median and ulnar
territories
of the left hand

8 7.5 Mild Severe Buprenorphine, fentanyl

62 Traumatic lesion of the superficial
radial at the distal forearm
(fracture of the distal radius)

Dorsal aspect of the right
thumb and thumb-index
finger web space

12 6.5 No Mild Acepromazine, amitriptyline,
clonazepam, morphine
sulfate, oxazepam

66 Thalamic ischemic stroke Right hand 18 9.8 No Severe Amitriptyline, clonazepam,
lamotrigine, morphine sulfate

42 Lateral medullary infarction Right hemibody,
predominating
at the hand

2 5.4 No Mild Clomipramine, clonazepam,
gabapentin

72 Cervical spinal cord ischemia
(C7-D1, complication of posterior
decompressive laminectomy)

Right hand 4 6.7 Mild Severe Clonazepam, tramadol

64 Lateral medullary infarction Left hemibody,
predominating
at the hand

2 6.0 Mild Mild Carbamazepine, clomipramine

50 Thalamic ischemic stroke Left hemibody,
predominating
at the hand

2 5.2 No No Gabapentin

34 Traumatic lesion of the ulnar
nerve at elbow (crush injury)

Ulnar territory of
the right hand

10 8.2 Mild Mild Buprenorphine,
carbamazepine, clomipramine,
clonazepam, codeine,
paracetamol, tramadol

75 Thalamic ischemic stroke Left hemibody,
predominating
at the hand

2 8.8 No No Carbamazepine, clomipramine,
dextropropoxyphene,
gabapentin, paracetamol

63 Radiation-induced lesion of the
brachial plexus (lung carcinoma)

Right hand 5 5.6 Mild Mild Clonazepam, paroxetine

61 Traumatic lesion of the cervical
spinal cord (neck trauma after
a fall from a height)

Left hand 4 5.8 No Mild Clonazepam, fentanyl,
gabapentin

34 Surgical lesion of the brachial
plexus (complication of thoracic
outlet syndrome surgery)

Left hand 7 7.3 No No Carbamazepine, clomipramine,
clonazepam, dextropropoxyphene,
gabapentin, morphine
sulfate, paracetamol

62 Radiation-induced lesion of the
brachial plexus (breast carcinoma)

Left hand 5 8.0 Mild Severe Bromazepam, clonazepam

53 Thalamic ischemic stroke Right hemibody,
predominating
at the hand

2 4.8 No No Bromazepam,
dextropropoxyphene,
gabapentin, paracetamol

28 Thalamic hemorrhagic stroke Right hemibody,
predominating
at the hand

2 9.0 No Severe Clomipramine, clonazepam

71 Surgical lesion of the cervical
spinal cord (after decompression
for spondylotic cervical stenosis)

Left hand 7 6.3 No No Clomipramine,
dextropropoxyphene,
paracetamol

65 Thalamic ischemic stroke Left hemibody,
predominating
at the hand

9 6.5 No Severe Dextropropoxyphene,
paracetamol

48 Posttraumatic cervical
syringomyelia (C6-D1)

Right forearm and hand 3 6.1 Mild Severe Clonazepam, clorazepam,
morphine sulfate

52 Thalamic ischemic stroke Right hemibody,
predominating
at the hand

2 6.1 Mild Mild Clomipramine, clonazepam,
gabapentin

68 Lesion of the median nerve at the
wrist (complication of carpal
tunnel syndrome surgery)

Median territory of
the left hand

3 8.9 No No Acepromazine, clomipramine

November (1 of 2) 2006 NEUROLOGY 67 1569



defined by warm threshold above 42°C and vibratory threshold
above 10 �m.9 In contrast, no patients demonstrated severe motor
deficit (Medical Research Council scores were �4/5 for the painful
hand).

The study also included 22 healthy right-handed volunteers, 12
women and 10 men, aged from 33 to 71 years, with a mean (�
SEM) age of 54.8 years (� 2.5). These subjects did not present any
sign or medical history of neurologic symptoms or medication.

Motor cortex excitability testing. Subjects were seated in a
comfortable reclining chair with a tightly fitting Lycra swimming
cap placed over the head. They were instructed to keep their
hands as relaxed as possible. TMS was performed with a Magstim
200 stimulator (Magstim Company, Carmarthenshire, UK) and a
figure-of-eight double 70-mm coil (no. 9925-00, Magstim). Two
Magstim 200 stimulators connected through a Bistim module
served to deliver paired pulses. The optimal site for evoking motor
responses in the first dorsalis interosseus (FDI) muscles was de-
termined over the scalp (motor hot spot) and marked on the cap.
The MEPs were recorded through a 20- to 1,000-Hz bandpass
using a standard electromyograph (Phasis II, EsaOte, Florence,
Italy) and pregelled self-adhesive disposable surface electrodes
(no. 9013S0241, Medtronic Functional Diagnostics, Skovlunde,
Denmark), placed on the belly and tendon of the FDI muscle. A
Velcro bracelet was strapped around the forearm as ground elec-
trode (no. 9013S0711, Medtronic). The coil was positioned tangen-
tially to the surface of the head, with the handle pointing
occipitally along a sagittal axis.

Cortical excitability testing included the determination of five
parameters. RMT was defined as the minimal intensity of stimu-
lation required to elicit MEPs of �50 �V in amplitude in at least
five of 10 trials performed during complete muscle relaxation.10

The relationship between stimulus intensity and MEP amplitude
was assessed by studying the most variable part of the stimulus-
response curve. This was previously found to correspond to TMS
intensities ranging between 120 and 140% of RMT.11-13 We calcu-
lated, therefore, the amplitude ratio of the MEP obtained at 140%
of RMT to that obtained at 120% of RMT (140/120r). The CSP was
determined as the duration of the post-MEP EMG activity inter-
ruption following single TMS pulses delivered at 140% of RMT.
Stimulations were performed while patients exerted a tonic maxi-
mal voluntary contraction of the FDI muscle against the examin-
er’s resistance. Four rectified traces, each consisting of three
averaged trials, were superimposed. The minimal CSP duration
was measured from the end of the MEP until the first reoccur-
rence of EMG activity. Finally, paired-pulse paradigms were ap-
plied, with a conditioning stimulus set at 80% of RMT and a test
stimulus set at 120% of RMT, while the FDI muscle was at rest.
Various interstimuli intervals (ISIs) were randomized (2 and 4
msec for ICI; 10 and 15 msec for ICF) and intermixed with control
trials (test stimulus alone). For each ISI, four trials were averaged
and the resulting MEP amplitude was converted into a percentage
of the control MEP amplitude (pp/cMEP%). Paired-pulse parame-
ters were expressed as the amount of inhibition (ICI � 100% �

pp/cMEP%) and facilitation (ICF � pp/cMEP% � 100%). The maxi-
mum degrees of inhibition and facilitation achieved at any ISI
were retained for analysis.14

Motor cortex excitability was studied for the hemisphere corre-
sponding to the painful hand of patients before and after each
rTMS session. For the hemisphere corresponding to the nonpain-
ful hand, testing was performed only once, prior to any rTMS
session. In healthy volunteers, data were acquired from the right
hand in 11 subjects and the left hand in the 11 remainders, and
then pooled to avoid any influence of the dominant hemisphere.

rTMS procedure. In patients, after having completed excit-
ability testing for the motor cortex corresponding to the painful
hand, the coil was maintained fixedly on the head at the motor hot
spot, using a specifically designed mechanical device for rTMS
procedure.

Three sessions of motor cortex rTMS, separated by at least 3
weeks, were performed in random order with a Super-Rapid stim-
ulator (Magstim): i) a series of 20 trains of 6 seconds in duration
(54-second intertrain interval) at 10 Hz and 90% of RMT using an
active coil (1,200 pulses); ii) the same protocol using a sham
figure-of-eight coil (no. 1730-23-00, Magstim); iii) a single train of
20 minutes in duration at 1 Hz and 90% of RMT using an active
coil (1,200 pulses). For the sham condition, the use of the Magstim
Placebo Coil System was preferred to hold an active coil at 45

degrees away from the skull because this was shown to produce
substantial stimulation of the cortex.15 The patients were not in-
formed about the existence of a sham condition. They only knew
that three sessions of rTMS using different parameters of stimu-
lation were tested for their respective efficacy to relieve pain.

Immediately after each rTMS session, we checked on the ab-
sence of coil shift from the motor hot spot marked on the cap and
repeated excitability testing for the motor cortex corresponding to
the painful hand. In all cases, the examiner who conducted excit-
ability studies left the room during the rTMS session and was
blinded for the type of session.

Pain level was self-scored by the patient on a 0 to 10 visual
analogue scale (VAS) before and after each rTMS session. The
short-term effects of rTMS on pain were assessed in this study, to
correlate with concomitant excitability changes, even if optimal
pain relief is usually delayed for some days after rTMS.16

Statistical analyses. We compared excitability values ob-
tained for the motor cortex corresponding to the painful hand at
baseline (mean of the three pre-rTMS values) to those obtained for
the contralateral motor cortex in patients and to normal control
values using one-way analysis of variance (ANOVA) and Bonferro-
ni’s post-tests. The correlation between pain scores and the excit-
ability parameters that significantly differed between patients
and controls was assessed using Pearson’s test. The possible influ-
ence of the origin of pain (stroke vs other etiologies), the sensory
deficit in the painful hand (severe vs mild or none), or the use of
tricyclic antidepressants (yes vs no) on cortical excitability param-
eters was studied using unpaired t test. In all cases, p � 0.05 was
considered as significant.

Second, we compared excitability values obtained for the motor
cortex corresponding to the painful hand before and after rTMS
sessions using repeated-measures ANOVA under six conditions
that resulted from the combination of two nominal variables as
within-subject factors: treatment, with three group levels (10 Hz,
1 Hz, and sham) and time, with two group levels (before and
after). Between factors included i) the origin of pain (stroke vs
other etiologies) and ii) the severity of sensory loss within the
painful zone (severe vs mild or none). Post hoc tests were applied
including a Bonferroni correction (p � 0.0033). Finally, the corre-
lation between any significant rTMS-induced change in excitabil-
ity parameters and the corresponding effect on pain level was
assessed using Pearson’s test, not corrected for multiple
comparisons.

Results. Baseline excitability changes in the motor cortex
corresponding to the painful hand. One-way ANOVA test
showed differences in CSP duration (p � 0.0005) and ICI
(p � 0.0001) between patients and healthy controls (figure
1). For CSP duration, the values obtained in patients,
whatever the hemisphere, were shorter vs controls (p �
0.01, Bonferroni’s post-test). For ICI, the values obtained
for the motor cortex corresponding to the painful hand of
patients were lower vs motor cortices corresponding to the
painless hand of patients (p � 0.01) or to the hand of
controls (p � 0.001). The other parameters, RMT, 140/
120r, and ICF, did not vary with the groups (p � 0.34,
0.56, and 0.25, ANOVA), although ICF tended to be re-
duced in patients’ hemispheres vs controls (p � 0.10, Bon-
ferroni’s post-test).

Regarding correlation analyses between baseline val-
ues, pain scores correlated with CSP duration for the
hemisphere corresponding to the painful hand (r � �0.33,
p � 0.03, Pearson’s test), but not with ICI (r � �0.17, p �
0.27).

Finally, neither CSP nor ICI values differed regarding i)
the origin of pain, i.e., stroke (n � 10) vs other etiologies
(n � 12) (p � 0.12 for CSP and 0.65 for ICI, unpaired t
test); ii) the presence (n � 8) or absence (n � 14) of severe
sensory deficit in the painful hand (p � 0.43 for CSP and
0.75 for ICI); iii) intake of tricyclic antidepressants (n �
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13) or no intake (n � 9), (p � 0.91 for CSP and 0.90 for
ICI).

rTMS-induced changes in the excitability of the motor
cortex corresponding to painful hand. There were effects
of treatment and time for ICI and VAS pain scores (p �
0.0001, repeated-measures ANOVA), with treatment �
time interaction for both parameters, F(2,21) � 9.82 and
9.43, p � 0.0003 and � 0.0001 (figure 2). The other param-
eters of cortical excitability (RMT, 140/120r, CSP, ICF) did
not vary among the conditions. The two between factors
(origin of pain, severity of sensory loss) did not interact
with the results (p � 0.05, repeated-measures ANOVA).

Post hoc tests did not reveal any differences between
the three pre-rTMS assessments regarding excitability val-
ues or pain levels. These values neither changed after
“sham” 10-Hz rTMS and “active” 1-Hz rTMS. In contrast,
ICI increased and pain score decreased after active 10-Hz
rTMS (p � 0.0001, Bonferroni’s post-test). The increase in
ICI correlated with the concomitant pain relief (r � �0.56,
p � 0.007, Pearson’s test) (figure 3).

Discussion. In patients with chronic hand pain,
we found features of cortical disinhibition with ICI
reduction in the motor cortex corresponding to the
painful hand. The defective ICI was restored in
correlation with pain relief following subthres-

hold rTMS delivered at 10 Hz over this cortical
region.

Relationships between pain and cortical excitabil-
ity changes. A few studies have dealt with the mod-
ulating effect of pain on motor cortex excitability.

Figure 1. Mean values (SEM) of rest motor threshold
(RMT), motor evoked potential amplitude ratio for stimu-
lus intensities set at 140% to 120% of RMT (140/120r),
intracortical inhibition (ICI), intracortical facilitation
(ICF), and cortical silent period (CSP) duration in the mo-
tor cortex corresponding to the painful (black bars) or
painless (hatched bars) hand of patients or to the hand of
healthy controls (white bars). p Significance of the one-
way analysis of variance is presented at the right lower
corner of each graph. Significant results for Bonferroni’s
post-tests: **p � 0.01; ***p � 0.001 (not significant
otherwise).

Figure 2. Mean values (SEM) of rest motor threshold
(RMT), motor evoked potential amplitude ratio for stimu-
lus intensities set at 140% to 120% of RMT (140/120r),
intracortical inhibition (ICI) and intracortical facilitation
(ICF), and cortical silent period (CSP) duration in the mo-
tor cortex corresponding to the painful hand of patients,
and pain score on a 0 to 10 visual analogue scale (VAS)
before and after three types of rTMS session: active (10
Hz), active (1 Hz), or sham. F(2,21) and p values of the
repeated-measures ANOVA for treatment � time interac-
tion are shown in the lower right corner of each graph.

Figure 3. Correlation between changes induced by repeti-
tive transcranial magnetic stimulation of the motor cortex
at 10 Hz in pain level scored on a 0 to 10 visual analogue
scale (dVAS) and intracortical inhibition (dICI) regarding
the motor cortex corresponding to the painful hand (Pear-
son’s test).
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Most of these studies showed that MEP amplitude
could be reduced in normal subjects by various
types of conditioning noxious stimuli3 (e.g., electri-
cal stimuli, laser pulses, capsaicin cutaneous ap-
plication, intramuscular hypertonic saline
injection). From these observations, it was pro-
posed that phasic or tonic provoked pain led to
reduced motor cortical output.17 However, high-
frequency transcutaneous electrical nerve stimula-
tion conventionally used to treat pain was also
shown to reduce MEP amplitude.18

The relationships between chronic pain and motor
cortex activity were thought to be totally different
from acute pain condition. For instance, MEP ampli-
tude was found enhanced in muscle adjacent to a
chronic painful joint.19 Motor cortex excitability was
rarely assessed in patients with chronic pain. Pa-
tients with fibromyalgia showed increased RMT, nor-
mal MEP amplitude, shortened CSP, and reduced
ICF and ICI (for long ISIs and suprathreshold paired
pulses).20 Patients with complex regional pain syn-
drome (CRPS) showed normal RMT, MEP ampli-
tude, and ICF, but reduced ICI in the both
hemispheres21 or only in the hemisphere correspond-
ing to the side of pain.22

The present results were consistent with these
data, revealing normal RMT and MEP amplitude, a
tendency toward ICF reduction, and significant ICI
reduction and CSP shortening. In this way, chronic
neuropathic pain appeared to be mainly character-
ized by a reduction in intracortical and corticospinal
motor inhibitory mechanisms. A comparative study
of patients having similar neurologic lesions than
our patients but without pain should have been of
interest to better appraise the relationships between
motor cortex disinhibition and either the presence of
neuropathic pain or the underlying neurologic lesion.
However, it appeared impossible to match a series of
neurologic controls to our patients, when taking into
account the variety of factors that could influence
the parameters of cortical excitability. These factors
included cortical plasticity favored by the neurologic
lesion at the origin of pain or by the severity of
sensory or motor deficit, various cognitive parame-
ters, and the effect of analgesic drugs. The respective
contribution of all these factors to the present results
is discussed, as well as the possibility of pain-related
imbalance between inhibitory (GABAergic) and exci-
tatory (glutamatergic) neurotransmission in the
CNS.

Influence of sensorimotor dysfunction. ICI reduc-
tion or CSP shortening has been observed in a wide
range of neurologic diseases with motor dysfunc-
tion,23 such as Parkinson disease, dystonia,
Tourette’s syndrome, myoclonic or partial epilepsy,
ALS, and motor stroke. In the acute phase of a motor
cortex stroke, ICI is reduced for the both hemi-
spheres, and in the case of good recovery, ICI returns
to normal values in the unaffected hemisphere and
remains reduced in the affected one.24 The loss of ICI
was also observed in the affected hemisphere of pa-

tients with mild motor impairment but severe hypes-
thesia due to thalamic infarction.25 Other conditions
of sensory deafferentation (e.g., amputation26 and pe-
ripheral nerve transection27) were associated with
ICI reduction. Sensory deafferentation is thought to
induce a loss of GABAergic inhibition in the corre-
sponding sensory cortical areas that could extend in
homologous motor areas.28 ICI also decreases with
immobilization29 due to functional reorganization in
cortical motor maps, compensatory mechanisms re-
garding motor output maintenance, or reduced sen-
sory inputs.

In this way, the patients enrolled in the present
study presented several potential causes of ICI re-
duction in the affected side: good motor recovery
from stroke, sensory deafferentation, and relative
immobilization of the painful hand compared to
the normal hand. Nevertheless, motor cortex disin-
hibition was also likely to correlate with the pres-
ence of pain, as evidenced by CSP duration at
baseline and as suggested by the concomitant ef-
fects of 10-Hz rTMS on ICI and pain. A more con-
vincing argument for the association of motor
cortex disinhibition with pain would have resulted
from analyzing data between hemispheres of pa-
tients with unilateral pain but bilateral lesions
and deficits. Since there were none in this series,
we have to acknowledge a limitation of the inter-
pretation of the present results.

Influence of cognitive factors or medication. A re-
duction of ICI or CSP duration has been reported
in various mental disorders, such as Alzheimer
disease, obsessive-compulsive disorder, schizophre-
nia, or major depression.30 A decreased ICI was
also observed after sleep deprivation31 and was
suggested to be a trait marker for anxiety.32 These
cognitive factors might have contributed to the re-
duction of cortical inhibition found in the present
series of patients, who frequently experienced
anxious-depressive and sleep disorders along with
chronic pain. The bilateral reduction of CSP dura-
tion, rather than ICI asymmetry according to the
pain side, might reflect the influence of some cog-
nitive factors, involved in affective or emotional
aspects of chronic pain.

Pharmacologic influences were also considered.
Among all the medications taken by our patients to
treat their neuropathic pain, only norepinephrine re-
uptake inhibitors were previously shown to decrease
cortical inhibition.33 However, we did not observe
any differences in ICI or CSP values according to
tricyclic antidepressant intake. The reduced cortical
inhibition at baseline likely revealed the inefficiency
of drug treatment to restore defective GABAergic in-
hibitory activities in the patients included in this
study.

Influence of GABA/glutamate imbalance. Vari-
ous experimental studies emphasized that the reduc-
tion in GABAergic neurotransmission in the CNS
was a leading cause of chronic neuropathic pain.34 In
animal models of neuropathic pain, reduced
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GABAergic tone was found at the level of dorsal spi-
nal cord, thalamus sensory nuclei, and somatosen-
sory cortex, resulting in neuronal hyperactivity in
the sensorimotor cortex.35 CNS hyperactivity associ-
ated with deafferentation pain was also attributed to
abnormal recruitment of NMDA glutamatergic
receptors.36

ICI and CSP explore different GABAergic path-
ways37 that are intracortical and mediated by
GABA-A receptors for ICI and corticospinal with ac-
tivation of GABA-B receptors for CSP. Glutamate
antagonists may also influence these parameters of
excitability.38 Therefore, the impairment of cortical
inhibition observed here could reveal an imbalance
between GABAergic and glutamatergic transmission
related to the development of neuropathic pain.

Changes induced by rTMS in cortical excitability
and correlation with pain relief. In this study, the
defective ICI was restored after active subthresh-
old 10-Hz rTMS but remained unchanged after
1-Hz rTMS. This observation differed from rTMS
effects reported in healthy subjects. In normal sub-
jects, subthreshold rTMS applied at high fre-
quency increased MEP size and reduced ICI.39 In
contrast, subthreshold rTMS applied at low fre-
quency reduced MEP size or ICF, but did not mod-
ify inhibitory parameters.40

The effects of rTMS depend on the state of cortical
excitability before stimulation, as demonstrated by
conditioning rTMS with previous ischemic deafferen-
tation41 or transcranial direct current stimulation.42

Owing to a preexisting decrease in cortical inhibi-
tion due to pain or the underlying lesion, GABAer-
gic synaptic connections could have been enhanced
by rTMS applied at high frequency and not at low
frequency. This result was possibly related to the
restoration of 20-Hz frequency cortical oscillations
that are known to be associated with motor cortex
inhibition in healthy subjects, reduced by 1-Hz
rTMS over M143 and lost in the case of chronic or
provoked pain.44,45

CSP duration, but not ICI, correlated with pain
scores at baseline, while rTMS-induced pain relief
paralleled changes in ICI, but not in CSP duration.
Such apparent contradictory results probably reflect
both the multifactorial nature of excitability param-
eters and the multifaceted aspect of pain. In addition
to pain, the underlying neurologic lesions and def-
icits might have contributed to ICI reduction, lead-
ing to the absence of a significant correlation
between ICI and pain score at baseline. Con-
versely, rTMS might have induced changes in
some aspects of pain, e.g., sensory-discriminative
aspects, involved in the ICI process but not in CSP
duration. In any case, the fact that pain relief re-
sulting from rTMS application correlated with ICI
changes strengthened the hypothesis of the influ-
ence of pain, among other factors, on ICI reduction
presented in the affected side by patients with
drug-resistant neuropathic pain.
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