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Abstract
Introduction Chronic migraine is a disease of altered cortical excitability. Repetitive transcranial magnetic stimulation provides a
novel non-invasive method to target the nociceptive circuits in the cortex. Motor cortex is one such potential target. In this study,
we targeted the left motor cortex using fMRI-guided neuronavigation.
Materials and Methods Twenty right-handed patients were randomized into real and sham rTMS group. Baseline subjective pain
assessments were done using visual analog scale (VAS) and questionnaires: State-Trait Anxiety Inventory, Becks Depression
Inventory, and Migraine Disability Assessment (MIDAS) questionnaire. Objectively, pain was assessed by means of thermal
pain thresholds using quantitative sensory testing. For corticomotor excitability parameters, resting motor thresholds and motor-
evoked potentials were mapped. For rTMS total, 600 pulses in 10 trains at 10 Hz with an intertrain interval of 60 s were delivered
in each session. Ten such sessions were given 5 days per week over 2 consecutive weeks. The duration of each session was
10 min. Real rTMS was administered at 70% of Resting MT. All the tests were repeated post-intervention and after 1 month of
follow-up. There are no studies reporting the use of fMRI-based TMS for targeting the motor cortex in CM patients.
Results We observed a significant reduction in the mean VAS rating, headache frequency, and MIDAS questionnaire in real
rTMS group which was maintained after 1 month of follow-up.
Conclusion Ten sessions of fMRI-based rTMS over the left motor cortex may provide long-term pain relief in CM, but further
studies are warranted to confirm our preliminary findings.

Keywords Headache . Motor cortex stimulation . Neuromodulation . Chronic pain . Cortical excitability . Quantitative Sensory
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Introduction

Repetitive transcranial magnetic stimulation (rTMS) has
emerged as a novel treatment for migraine [1–3]. Chronic mi-
graine (CM) is a by-product of processes altering cortical excit-
ability [4, 5]. Existing literature suggests that higher frequency
rTMS is effective and “well tolerated” for CM [3, 6, 7]. The
mechanisms of pain relief remain unexplored accompanied by
variations in the findings of sensory tests and corticomotor excit-
ability parameters in CM patients [7, 8]. There are inadequate
studies that report the efficacy of multiple-session rTMS in CM
patients along with the paucity of optimal stimulation parameters
for persistent analgesic effect [3, 9]. There are no studies
reporting the use of fMRI-based TMS targeting the motor cortex
in CMpatients. Here, we ventured to explore the substrate for the
pain relief using neuronavigation over the left motor cortex and
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investigated the efficacy of 10 sessions of high-frequency rTMS
paradigm.

Material and methods

Subject recruitment and randomization

The study was approved by the Institute Ethics Committee,
All India Institute of Medical Sciences, New Delhi, and reg-
istered in Clinical Trial Registry, India CTRI/2017/02/
007973. Twenty right-handed participants (11 females, 9
males; age 33 ± 8 years, mean ± SD) diagnosed with CM
(ICHD 2013 code 1.3) were recruited from Neurology
Headache Clinics, AIIMS, New Delhi. None of the patients
had aura or side predominance of attack. Medications of pa-
tients were not discontinued (see Table 1). Patients with other
forms of headache or any chronic comorbidity or psychiatric
illness were excluded. Medication overuse headache was
ruled out before recruitment. Clinical examination was done,
and informed written consent was taken from each participant.
Both investigator and participants were blinded during the
study. Stratified block randomization was generated at
www.randomiser.com and kept in a sealed opaque envelope
by a third party who was not a part of the study.

Recording and measurements

Each subject maintained headache diary for headache fre-
quency, rescue medication, and associated symptoms. Mean
headache intensity was assessed using the visual analog scale
(VAS) rating. Headache-associated disability was assessed
before therapy, and after 3 months of follow-up by the
Migraine Disability Assessment (MIDAS) questionnaire.
Patient anxiety and depression were assessed using State-
Trait anxiety inventory (STAI) and Becks depression inven-
tory (BDI) at three time point i.e., baseline/pre-intervention,
post-intervention, and after 1 month follow-up.

Functional MRI (using Ingenia 3T, Philips Healthcare,
The Netherlands) was done during right-hand thumb abduction
(Abductor Pollicis Brevis muscle), to localize the area over the
left primary motor cortex (M1) cortex. After fMRI recording at
NMR facility, AIIMS, New Delhi, subjects were called for
neuro-navigated (Neural Navigator Software 2.2, Brain Science
Tools BV., The Netherlands) targeting of M1 and measurement
of corticomotor excitability parameters using TMS device
(Neuro MS/D TMS device, Neurosoft, Russia) with a figure of
8 coil (Model FEC-02-100-C) over the M1. The scalp was kept
grease-free and the common impedance for recording electrodes
was maintained below 10 kΩ. The coil was oriented
anteroposteriorly, inclined at 45° from the midline and placed
tangentially over the left side of the scalp.

Table 1 Disease characteristics and analgesic intake of CM patients

S.
no.

Group
allocated

Code Age Gender VAS (mean
intensity)

Duration
(months)

Headache frequency
(per month)

Medications Rescue
analgesics/
month

1 Real PL0 39 F 10 18 20 Amitriptyline/propranolol 6

2 Sham MW4 47 F 10 84 16 Amitriptyline/propranolol/flunarizine 3

3 Sham RJ1 28 M 6 24 18 Amitriptyline 9

4 Real UA3 37 M 6 168 16 Amitriptyline/flunarizine 9

5 Real ZR6 26 F 8 36 30 Amitriptyline/flunarizine 10

6 Sham VQ3 41 F 6 180 24 Amitriptyline/propranolol 10

7 Real PR2 38 M 8 168 20 Propranolol 11

8 Real RT2 34 M 8 240 25 Amitriptyline/propranolol 10

9 Sham BY4 18 M 8 24 16 Flunarizine 7

10 Sham XN1 41 F 8 240 18 Propranolol 9

11 Sham ER0 31 M 7 204 18 Propranolol 3

12 Sham PS4 37 F 8 168 12 Amitriptyline/propranolol 2

13 Sham GU8 26 M 8 156 24 Amitriptyline 10

14 Sham LJ3 28 F 10 36 16 Propranolol 6

15 Real OM5 37 F 8 36 10 Amitriptyline/flunarizine 9

16 Real FH9 25 F 10 18 12 Amitriptyline/verapamil/propranolol 11

17 Real BS9 32 M 8 48 10 Amitriptyline/propranolol 3

18 Sham WX0 31 M 7 30 22 Flunarizine 3

19 Real AW7 18 F 8 24 16 Amitriptyline/propranolol 7

20 Real UF0 46 F 6 120 29 Amitriptyline 10

Neurol Sci



Neuro-navigated M1 coordinates for APB

Participant’s M1 coordinates were obtained for the right ABP
muscle using NeNa software (Supplementary Table 1).
Neuro-navigation provided accurate localization of the M1
and helped to repeat the procedure for localization during
future sessions (Supplementary Fig. 1).

Surface EMG was recorded using Ag/AgCl ECG electrodes
(REF: F3001ECG, Fiab, Italy) by placing patch electrodes 3 cm
apart over APB muscle belly and tendon. Resting motor thresh-
old (RMT) was recorded as the minimum intensity of stimulator
output that produced motor-evoked potential (MEP) amplitude
greater than 50 μV in 3 of 6 trials. MEP amplitude and latency
were determined at intensities ranging from 110 to 150% of
RMT. All the above parameters were recorded at Pain
Research and TMSLaboratory, AIIMS,NewDelhi, and repeated
on completion of therapy and after 1 month for follow-up.

Repetitive TMS therapy

A total of 600 pulses in 10 trains at 10 Hz with an intertrain
interval of 60 s were delivered in each session over theM1 [3].

Ten such sessionswere given 5 days per week over 2 consecutive
weeks. The duration of each session was 10 minutes. Real rTMS
was administered at 70% RMT using the same orientation as for
determining RMT and MEP. To achieve sham stimulation, the
coil was placed perpendicularly to the vertex at the minimum
stimulation strength of the stimulator. Thus, the magnetic field
did not penetrate the scalp although the patient heard the sound
produced by the coil.

Quantitative sensory testing (QST)

The thermal tests were performed using Neurosensory analyzer
device MEDOC TSA 2001-II apparatus (Medoc, Ramat-Yishai,
Israel). The system contains a metal contact plate (contact area
30 × 30 mm) that was cooled and heated by an external Peltier/
Foil element to the target levels. Medoc TSA-II was used to
quantitatively assess the thermal thresholds of subjects. The neu-
rosensory analyzer was set to baseline temperature (32 °C) and
depending on paradigm/test applied temperature was raised or
lowered by 1 °C/s. Lower limits of 0 °C and upper limit of 50 °C
were set to prevent any thermal damage to the site to be tested.
The tests for determining thermal pain thresholds (cold and hot)

Table 2 Baseline characteristics
of CM patients allocated to sham
and real TMS

Parameters Sham rTMS (n = 10) Real rTMS (n = 10) p value

Age (years) 33.80 ± 7.2 33.20 ± 8.2 n.s.

Height (cm) 158.0 ± 11.49 154.0 ± 8.069 n.s.

Weight (kg) 63.00 ± 11.60 58.60 ± 11.93 n.s.

Female/male 5/5 6/4 –

VAS score 7.70 ± 1.42 8 ± 1.33 n.s.

Headache frequency (days/month) 17.60 ± 5.06 17.40 ± 6.24 n.s.

VAS visual analog scale, n.s. not significant

Fig. 1 The graph showsmean VAS scores of chronic migraine patients in
sham and real rTMS group at baseline/pre-intervention, post-intervention,
and follow-up stages. Data is expressed as mean ± SD. Comparison
between baseline/pre-intervention, post-intervention, and follow up
stages within sham/real group were done with one-way ANOVA follow-
ed by post hoc analysis by Tukey test (**p < 0.01, ***p < 0.001)

Fig. 2 The graph shows headache frequency of chronic migraine patients
in sham and real rTMS group at baseline/pre-intervention, post-
intervention, and follow-up stages. Data is expressed as mean ± SD.
Comparison between baseline/pre-intervention, post-intervention, and
follow-up stages within sham/real rTMS group were done with one-
way ANOVA followed by post hoc analysis by Tukey test (***p <0.001)
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were first done at the left hand (dorsum of thumb) which was the
reference site in our study.

Statistical analysis

All analysis was performed using GraphPad Prism version 5.
Baseline scores of parameters were checked for normality using
D’Agostino and Pearson omnibus test. To compare the changes
between real vs sham rTMS group at three different time points,
i.e., baseline/pre-intervention, post-intervention, and follow-up,
Mann-Whitney U or unpaired t test was used for non-
parametric or parametric data, respectively. For comparison of
the changes within the real/sham rTMS therapy group for three
different time points, i.e., baseline/pre-intervention, post-interven-
tion, and follow-up, either one-way ANOVA followed by post
hoc Tukey test or Kruskal-Wallis test followed by post hoc
Dunn’s test was used for parametric and non-parametric data,
respectively. Data are expressed as mean ± SD and/or median
(25Q–75Q).

Results

Both groups had similar demographic characters (Table 2).
The rTMS was generally well tolerated and no side effects
were reported.

Subjective assessment of pain

One-way ANOVA of VAS scores for within-group comparison
of Real rTMS (8.000 ± 1.33 vs 4.200 ± 2.04 vs 4.800 ± 2.25; p=
0.0003,F = 11.38) and sham rTMS group (7.70 ± 1.42 vs 6.60 ±
1.35 vs 6.70 ± 1.29, p = 0.15, F = 2.02) showed significant dif-
ference in Real rTMS group. Tukey’s multiple comparison test
revealed a significant difference between baseline vs post-inter-
vention, and baseline vs follow-up VAS score of real rTMS
group. No significant difference observed between post-
treatment vs follow-up VAS score of real rTMS group proves
that the effect was maintained until a month of follow-up period
(Fig. 1).

The headache frequency per month was noted, and within-
group comparison of real rTMS group (17.4 ± 1.33 vs 10.2 ±
2.21 vs 9.8 ± 1.8, p ≤ 0.0001, F = 55.67) and sham rTMS
group (17.6 ± 1.42 vs 18 ± 1.6 vs 18.5 ± 2.1) showed signifi-
cant difference in real rTMS group only. Post hoc analysis for
real rTMS group with Tukey’s multiple comparison test indi-
cated a significant difference between baseline/pre-
intervention vs follow-up (Fig. 2).

The MIDAS scores between real rTMS vs sham rTMS group
at 3 months follow-up (3.700 ± 4.001 vs 13.80 ± 19.40; p =
0.1243) did not show any difference. A significant difference
was observed when the comparison was done between pre-
intervention vs follow-up within real rTMS (30.30 ± 30.18 vs

Table 3 Motor-evoked potential amplitudes at different percentage strengths of the resting motor thresholds

Sham rTMS (n = 10) Real rTMS (n = 10)

MEP amplitude
(μV) at

Baseline Post-intervention Follow-up Baseline Post-intervention Follow-up

110% RMT 85.00[57.25–238.5] 99.50[75.25–141.5] 130.0[100.0–200.8] 76.50[64.50–123.3] 130.5[90.50–200.3] 165.0[82.50–301.3]

120% RMT 115.5[70.75–268.0] 140.0[107.0–242.5] 151.5[131.5–252.3] 87.50[73.50–175.0] 143.0[103.0–302.8] 172.0[99.00–427.3]

130% RMT 182.5[104.3–769.5] 158.0[106.8–319.5] 218.0[139.3–94.0] 96.00[83.00–159.0] 148.5[122.8–419.3] 215.5[115.5–643.3]

140% RMT 297.0[98.00–1238] 203.0[128.8–514.8] 250.0[142.5–819.8] 107.0[94.25–211.8] 236.5[137.0–587.0] 266.0[129.3–921.0]

150% RMT 433.0[122.3–1466] 188.0[152.3–547.3] 315.0[190.0–1342] 153.5[85.75–340.3] 265.0[132.8–751.3] 320.5[118.5–1556]

Data is expressed asmedian [interquartile range].MEPmotor-evoked potential,μVmicrovolt,RMT restingmotor threshold, rTMS repetitive transcranial
magnetic stimulation

Table 4 Motor-evoked potential latency at different percentage strengths of the resting motor thresholds

Sham rTMS (n = 10) Real rTMS (n = 10)

MEP latency (ms) at Baseline Post-intervention Follow-up Baseline Post-intervention Follow-up

110% RMT 21.50[19.13–27.60] 20.65[16.50–28.98] 20.30[19.03–26.05] 22.05[16.56–24.68] 19.75[12.11–26.70] 20.15[19.08–23.93]

120% RMT 21.95[19.18–30.75] 21.05[17.23–23.53] 19.70[18.18–21.55] 19.65[12.11–26.70] 20.65[15.03–21.48] 19.50[17.88–20.80]

130% RMT 23.20[18.53–34.43] 21.65[20.03–25.25] 20.90[19.05–22.75] 25.00[18.23–31.28] 21.65[19.20–22.25] 20.70[19.20–22.45]

140% RMT 21.00[15.55–23.10] 20.10[16.43–21.45] 20.70[19.13–25.83] 20.35[10.35–23.88] 19.55[14.80–21.40] 21.60[19.38–24.20]

150% RMT 21.70[19.70–24.13] 20.00[18.18–21.55] 20.40[20.00–24.35] 22.20[17.55–23.73] 20.45[13.90–21.53] 20.55[19.83–23.65]

Data is expressed as median [interquartile range]. MEP motor-evoked potential, ms milliseconds, MEP motor-evoked potential, rTMS repetitive
transcranial magnetic stimulation
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3.700 ± 4.001; p = 0.0157) or sham rTMS (24.50 ± 21.16 vs
13.80 ± 19.40; p= 0.0293) group with paired t test after checking
for normality.

The STAI-State scores between real rTMS 55.10 ± 14.39,
52.90 ± 17.08, 50.60 ± 14.44 vs sham rTMS 48.90 ± 13.11,
21.70 ± 13.17, 24.10 ± 15.88 did not vary significantly be-
tween baseline/pre-intervention, post-intervention, and fol-
low-up. The STAI-Trait scores between real rTMS 57.80
±13.51.57.80 ± 15.41, 50.30 ± 15.99 vs sham rTMS 53.50 ±
13.20, 50.40 ± 13.54, 47.60 ± 9.72 did not vary significantly
between baseline/pre-intervention, post-intervention, and
followup. No significant changes were observed in within
group comparison of sham or real rTMS group.

The BDI-II scores between real rTMS 30.90 ± 13.14, 23.80 ±
12.43, and 25.30 ± 18.671 vs sham rTMS 30.70 ± 16.67, 46.60
± 12.96, and 45.10 ± 11.83 did not vary significantly between
baseline, post-intervention, and follow-up. No significant chang-
es were observed in within group comparison.

Corticomotor excitability

Resting motor threshold

No significant difference was observed during within group
comparison in real rTMS [30.00 (30.00, 60.75) vs 30.00

[30.00, 41.25) vs 37.50 (30.00, 45.00); p = 0.1696] or sham
rTMS [30.00 (30.00, 42.50) vs 30.00 (30.00, 32.50) vs 30.00
(30.00, 40.00); p = 0.7517] group.

Motor-evoked potential

The baseline/pre-intervention vs post-intervention compari-
son of MEP amplitudes (mV) at 110, 120, 130, 140, and
150% RMT in real rTMS vs sham rTMS group was not sig-
nificantly different (Table 3). The comparison ofMEP latency
(ms) in real rTMS vs sham rTMS group [19.75 (15.30, 24.28)
vs 21.65 (16.48, 33.48)] was also not significant (Table 4).

To understand the changes in sham and real groups the
MEP amplitude is expressed as change within three-time
points of baseline, post-intervention, and follow-up (Figs. 3,
4, and 5).

Quantitative Sensory testing

Cold pain thresholds did not show any significant changes in
the sham rTMS group (Fig. 6) but they were significantly
decreased between baseline vs follow-up and baseline vs
post-intervention in the real rTMS group (Fig. 7).

Hot pain thresholds were not significantly different in sham
group (Fig. 8) and real group (Fig. 9).

Fig. 4 Change in motor-evoked
potential amplitude at follow-up
from baseline in sham and real
rTMS groups. The difference in
MEP amplitude (follow-up –
baseline) at different percentages
of the resting motor threshold is
represented as median with inter-
quartile range and was statistical-
ly not significant

Fig. 3 Change in motor-evoked
potential amplitude post-
intervention from baseline in
sham and real rTMS groups. The
difference in MEP amplitude
(post-intervention– baseline) at
different percentages of the rest-
ing motor threshold is represented
as median with interquartile range
and was statistically not
significant
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Discussion

The main finding of the present study is that ten sessions of
high-frequency rTMS over the primary motor cortex attenu-
ates pain in patients with chronic migraine and the effect is
maintained for at least 1 month. The subjective pain relief was
not accompanied by significant changes in the corticomotor
excitability.

Our results are consistent with the available literature on
chronic migraine [1, 3, 9] which provided evidence of the
efficacy and safety of 10 Hz rTMS over the motor cortex in
migraine prophylaxis. The primary motor cortex might repre-
sent an appropriate portal to reach deep brain structures with
difficult access: the motor cortex stimulation triggers
corticothalamic output to the brainstem, spinal cord, and also
limbic system and hence, modulates the pain matrix [10]. We
observed a significant reduction in the VAS rating for pain

which was maintained after 1 month of follow-up. Pain relief
was also reflected by the reduction in headache frequency
which further decreased after follow-up, suggesting that
rTMS triggered a synaptic plasticity causing reverberation in
the neural circuitry which may outlast the period of active
stimulation [11]. We did not get any significant reduction in
the anxiety scales (State-Trait Anxiety Inventory) or depres-
sion gauged by Becks Depression Inventory. Such changes
are consistently seen with rTMS over the dorsolateral prefron-
tal cortex [12, 13]. Motor cortex stimulation does not perhaps
efficiently target the affective-emotional circuitry of pain [14].

We also observed a significant reduction in the overall
impact caused by migraine on the patient's life; this was
reflected in the MIDAS scores of patients. Studies targeting
motor cortex rTMS for chronic pain conditions have previous-
ly reported a reduction in disability and an improvement in the

Fig. 5 Change in motor-evoked
potential amplitude at follow-up
from post-intervention sham and
real rTMS groups. The difference
in MEP amplitude (follow up–
postintervention) at different per-
centages of the resting motor
threshold is represented as medi-
an with interquartile range and
was statistically not significant

Fig. 7 Comparison of cold pain thresholds (mean of three stimulations)
obtained at baseline, post-intervention, and at follow-up in real rTMS
group. Cold pain thresholds were significantly different between baseline
vs follow-up and baseline vs post-intervention in real rTMS group
(*p < 0.05)

Fig. 6 Comparison of cold pain thresholds (mean of three stimulations)
obtained at baseline, post-intervention, and at follow-up in sham rTMS
group. Cold pain thresholds were not significantly different
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quality of life [14, 15]. These studies indicate that motor cor-
tex rTMS has a common mechanism of reducing disability
both in widespread chronic pain of fibromyalgia and localized
chronic pain of Chronic Regional Pain Syndrome type 1.

Despite getting significant changes in the subjective pain,
the changes failed to echo in the neurophysiological parame-
ters of corticomotor excitability. The resting motor thresholds
and the motor-evoked potentials did not show any changes in
the recruitment pattern after intervention or follow-up. This is
in line with the post train observations done for rTMS of
limited pulses. No change in MEP size was seen for

stimulation intensity of 100% RMT or below as well as for
train of 1600 pulses or less [16–20]. The resting motor thresh-
old also did not show any change following a train of stimu-
lations used in previous studies [21, 22]. Though increased
excitability at higher intensities with a greater number of
pulses was observed, even so, there is a paucity of evidence
regardingmodulation in cortical excitability at higher frequen-
cies of 10 and 20 Hz which are frequently used for therapeutic
purposes [23]. This study fills this gap in the literature sug-
gesting that no changes occur in excitability post multiple
sessions of multiple trains at higher frequency of 10 Hz.
Also, as suggested by previous studies, the use of
neuronavigation during the application of rTMS is associated
with a focused neurophysiologic impact when compared to
therapy without neuronavigation [24]. The unavoidable scat-
tering of the stimulus locations, during non-navigated rTMS,
may explain this discrepancy. Neural navigation achieves
greater precision in targeting the cortical areas resulting in
an efficient transsynaptic, interhemispheric impact [25].
MEPs reflect the net sum of local excitatory and inhibitory
input onto pyramidal cells within the motor cortex and lack of
change in MEP amplitudes has been also reported previously
[26, 27]. Perhaps this may be attributed to the paradoxical
cortical hyperresponsivity seen in migraineurs due to
homeoplastic effects which may prevent the attainment of
suprathreshold activations [1, 28, 29].

In our data of quantitative sensory testing of cold/hot pain
thresholds, we observed a significant decrease in the cold pain
threshold in the real rTMS group. But our small sample size
prevents us from drawing any firm conclusions from this.
Possibly, high-frequency rTMS that was applied to the motor
cortex increased the excitability of the anterior cingulate cor-
tex which further activates medial thalamus, and finally, it
decreased the participant’s thermal pain threshold [30].
These medial systems are probably separable from the so-
matosensory system; therefore, they could have produced a
dissociable effect on the sensory perception threshold [31, 32]
which we observed in our study.

The mechanism of pain relief appears to be top-down mod-
ulation of descending pain control system as functional con-
nectivity is revealed between the motor cortex, thalamus,
insula, anterior cingulate cortex, and periaqueductal gray
[10, 33, 34]. Post-TMS increased levels of β-endorphins and
dopamine and changes in the level of other neurotransmitters
and neuromodulators have been documented [35, 36].
Maintenance of the effect for 1 month suggests the establish-
ment of neuroplasticity, which can be explained based on
long-term potentiation (LTP) of pain modulating areas that
are functionally connected to the motor cortex [37, 38].

Although present study is amongst the first few studies
exploring the role of neuronavigation-based rTMS in chronic
migraine, there a few limiting factors which should be taken
into deliberation before we decisively comment on some of

Fig. 9 Comparison of hot pain thresholds (mean of three stimulations)
obtained at baseline, post-intervention, and at follow-up in real rTMS
group. Hot pain thresholds were not significantly different

Fig. 8 Comparison of hot pain thresholds (mean of three stimulations)
obtained at baseline, post-intervention, and at follow-up in sham rTMS
group. Hot pain thresholds were not significantly different
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our results. One is the limited sample size of the study. Also,
continuation of pharmacological therapy, which could not be
stopped due to chronicity of headache, is a potential con-
founding factor. Standalone sham coil should have been used
for sham stimulation, instead of keeping the figure of 8 coil at
different orientation for sham stimulation, to explain the pla-
cebo effects.

Conclusion

As chronic migraine becomes non-responsive to medicine,
rTMS can be considered as adjuvant or independent therapy
for the amelioration of migraine pain and headache frequency.
Ten sessions of neuronavigated high-frequency repetitive
transcranial magnetic stimulation of left primary motor cortex
is a safe and effective therapy in decreasing chronic
migraineurs’ pain and attack rate. As the present study could
not find any significant relief in anxiety and depression levels
possibly M1 should not be targeted for reducing the psycho-
logical and affective component of pain. The lack of any ef-
fects on cortical excitability needs further exploration with the
neuropharmacological bases of the analgesia which may ex-
plain the dichotomy of effects over the sensory and pain
thresholds.
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