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Background and Purpose  The cerebral cortex has been the focus of investigations of the 
pathogenesis of migraine for a long time. Transcranial magnetic stimulation (TMS) is a safe 
and effective technique for evaluating cortex excitability. Previous studies of the duration of 
the cortical silent period (CSP)—a measure of intracortical inhibition—in migraine patients 
have yielded conflicting results. We aimed to characterize cortical excitability by applying 
TMS to female migraineurs during the preovulatory phase of the menstrual cycle, in order to 
eliminate the effects of variations in sex hormones. 
Methods  We enrolled 70 female subjects: 20 migraine with aura (MA) patients, 20 migraine 
without aura (MO) patients, and 30 healthy controls. We measured the CSP, resting motor 
threshold (rMT), and motor evoked potential (MEP) induced by TMS to evaluate cortical ex-
citability during the preovulatory phase of the menstrual cycle. 
Results  The CSP was shorter in MA patients (88.93±3.82 ms, mean±SEM) and MO patients 
(86.98±2.72 ms) than in the control group (109.06±2.85 ms) (both p=0.001), and did not dif-
fer significantly between the MA and MO groups (p=0.925). The rMT did not differ signifi-
cantly among the groups (p=0.088). MEPmax was higher in MA patients than in healthy con-
trols (p=0.014), while that in MO patients did not differ from those in MA patients and 
healthy controls (p=0.079 and p=0.068). 
Conclusions  We detected a shorter CSP in both MA and MO patients. This finding may 
indicate the presence of motor cortex hyperexcitability, which is probably due to reduced 
GABAergic neuronal inhibition in migraine.  
Key Words  ‌�migraine, cortical excitability, transcranial magnetic stimulation,  

cortical silent period, menstrual cycle.

Increased Cortical Excitability in Female Migraineurs:  
A Transcranial Magnetic Stimulation Study Conducted 
in the Preovulatory Phase

INTRODUCTION

Migraine is a complex neurovascular disease that is more common in females and is char-
acterized by usually episodic throbbing headache and certain neurological symptoms such 
as photophobia, phonophobia, vasomotor symptoms, and motor, emotional, and visual sen-
sory disturbances. Migraine has clinically two main forms: migraine with aura (MA) and 
migraine without aura (MO).1-4 Neural and vascular mechanisms have been considered to 
be responsible for the pathogenesis of migraine. Many clinical and basic-science studies have 
explored the pathophysiology of migraine using neurophysiological and neuroimaging tests 
including transcranial Doppler ultrasonography, functional magnetic resonance imaging, 
and positron-emission tomography, but it remains to be clearly elucidated.4-7 

The cerebral cortex has been the focus of investigations of the pathogenesis of migraine 
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for a long time. Hyperexcitability of the motor and visual cor-
tices during the interictal period has been suggested to play 
an important role in the pathogenesis of migraineurs,8-10 while 
there have also been some contrasting claims of hypoexcit-
ability in the cortex.11,12 Transcranial magnetic stimulation 
(TMS) is a safe noninvasive tool for evaluating brain func-
tions in some neurological and psychiatric disorders. TMS 
has been applied to detect changes in the excitability of the vi-
sual and motor cortices in vivo.10,13-15 The resting motor thresh-
old (rMT), motor evoked potential (MEP), duration of the 
cortical silent period (CSP), and short-interval intracortical 
inhibition (SICI) have been used to evaluate motor cortex 
excitability in migraine.16-19

The CSP duration is a measure of intracortical inhibition that 
reflects the activation of gamma-aminobutyric acid (GABA) 
interneurons.12,18,19 Only a few studies have evaluated the CSP 
in patients with migraine, with some finding a shorter CSP 
in migraine10,18-20 and the others finding no difference.17,21,22 
These discrepancies may be due to methodological differenc-
es such as in the selection of patients, sample size, and the use 
of different kinds of measuring device.10,19

Some studies have described a possible relationship between 
migraine attacks and hormonal variations in female patients. 
Variations in sex hormones may alter the cortical excitability 
in females. While estrogen increases neural excitability by 
activating the glutaminergic system, progesterone leads to 
central neuronal inhibition by activating the GABAergic sys-
tem.10,23-25 Only one study of CSP in migraineurs took the phas-
es of the menstrual cycle into account, but it did not apply 
TMS in any specific phase of the menstrual cycle.10

Thus, to eliminate the effect of variations in sex hormones 
during the menstrual cycle on cortical excitability, we aimed 
to determine the CSP duration, rMT, and MEP induced by 
TMS in female subjects that included MA patients, MO pa-
tients, and healthy controls during the preovulatory phase of 
the menstrual cycle.

METHODS 

Patients 
This study was included 70 female subjects: 20 patients with 
MA (aged 29.20±1.16 years, mean±SEM), 20 patients with 
MO (aged 26.10±1.19 years), and 30 healthy controls (aged 
26.26±0.80 years). All participants were examined by an ex-
pert neurologist, who diagnosed migraine according to the 
criteria of the International Headache Society. None of the 
patients had menstrual migraine or received prophylactic mi-
graine treatment, and all of them had a regular menstrual cy-
cle, with all tests performed in preovulatory phase (between 
days 5 and 10 of the menstrual cycles). All electrophysiolog-

ical testing was done during a migraine-attack-free period, 
which was defined as at least 3 days after the last migraine at-
tack and 3 days before the subsequent migraine attack. All 
subjects were either called by telephone or participated in a 
face-to-face interview after the procedure to determine wheth-
er they had developed any headache attack. If a headache had 
occurred within 3 days after procedure, all tests were repeat-
ed under similar conditions. 

Subjects with neuropsychiatric disease, depression, cranial 
spine surgery, hypertension, metabolic, endocrine or infec-
tious disease, malignancy, pregnancy, lactating, or implants 
that may be affected by magnetic fields were excluded from 
the study. None of the subjects had taken any medication dur-
ing the previous month that could alter cortical excitability, 
such as sedatives, hypnotics, anticonvulsants, antidepressants, 
antihistamines, anticholinergics, or contraceptives. 

Informed consent was obtained from all subjects, and the 
study was approved by the local ethical committee (Faculty 
of Medicine Ethics Committee, Cumhuriyet University, ap-
proval number: 26-10-2000-08).

Electrophysiological measurements
Electrophysiological measurements were made with the sub-
ject seated in a chair as comfortably as possible in a dimmed 
and silent room. The motor cortex was stimulated using a 90-
mm circular coil with input from a Magstim 200 stimulator 
(The Magstim Company Ltd; Wales, UK) that produces a 
maximum transient magnetic field strength of 2 tesla. Elec-
tromyography (EMG) activity was recorded using an appro-
priate device (Neuropack 8 MEB-4200, Nihon Kohden, To-
kyo, Japan).

EMG recordings were made from the right first dorsal in-
terosseous (FDI) muscle using Ag-AgCl surface electrodes. 
The cathode (active electrode) was placed over the muscle bel-
ly and the anode (reference electrode) was placed about 3 cm 
distally. The recording parameters were as follows: bandpass 
filter from 2 Hz to 3 kHz and sweep speed of 5 ms/div for the 
MEP measurements, and bandpass filter from 10 Hz to 5 kHz 
and sweep speed of 30 ms/div for the CSP measurements.

The coil was placed over the vertex with its center at the Cz 
point. Orienting the coil with its A-side coil upwards resulted 
in a clockwise current stimulating the left primary motor cor-
tex. The coil was oriented in the anterior-posterior direction 
with its handle in the posterior direction, and the coil was ro-
tated in order to determine its optimum position. The motor 
activation threshold was defined as the lowest stimulation in-
tensity required to produce a peak-to-peak MEP amplitude 
of ≥50 μV in at least five of ten stimulations. The rMT was de-
tected at rest. The process was well tolerated by all participants. 

The mean MEP amplitude obtained during three consecu-
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tive stimuli at the maximum stimulator output was accepted 
as MEPmax.

A special setup was used to calculate 20% of the maximum 
voluntary isometric contraction. The cuff of a fixed sphygmo-
manometer was squeezed at maximum force using abduction 
movement of the right index finger to measure (in mm Hg) 
the maximum voluntary contraction, and then the subject 
was asked to perform the same movement at 20% of this val-
ue. The CSP was recorded during FDI muscle contraction 
(approximately 20% of the maximum voluntary muscle con-
traction) while applying a stimulation intensity of 110% of 
the rMT. The CSP duration was measured as the time that 
elapsed between the stimulus artifact and the resumption of 
voluntary EMG activity. The shortest CSP obtained from five 
consecutive stimuli was used in the subsequent evaluations. 

Statistical analyses
All statistical analyses were performed using SPSS (version 
17.0, SPSS Inc., Chicago, IL, USA). The data for the TMS pa-
rameters of the CSP, rMT, and MEPmax did not conform to 
a normal distribution, and so parametric tests could not be 
applied to evaluate those data. The Kruskal-Wallis test was 
used to compare the data of the three study groups. When a 
significant p value was determined for any parameter in the 
Kruskal-Wallis test, the Mann-Whitney U test was used for 
pairwise comparisons. Categorical variables were compared 
using the chi-square test. Pearson’s correlation analysis was 
applied for detecting correlations between the TMS param-
eters of the CSP, rMT, and MEPmax and clinical parameters 
such as the frequency of migraine attacks, duration of illness, 

and age. A probability value of p<0.05 was considered statis-
tically significant.

RESULTS

The age distribution did not differ significantly between the 
three groups, and the duration and frequency of migraine at-
tacks did not differ between the MA and MO groups (Table 1). 
There were also no correlations between the TMS parameters 
of the rMT, MEPmax, and CSP duration and clinical factors 
related to migraine such as the attack frequency and disease 
duration (Table 2).

The CSP was shorter in the MA group (88.93±3.82 ms) 
and MO group (86.98±2.72 ms) than in the control group 
(109.06±2.85 ms, both p=0.001) (Fig. 1), with no significant 
difference between the MA and MO groups (p=0.925) (Ta-
ble 1) (Fig. 2A). MEPmax was significantly higher in MA pa-
tients than healthy controls (p=0.014), and did not differ 
between MO patients and either MA patients (p=0.079) or 
healthy controls (p=0.068) (Fig. 2B). There were no signifi-
cant intergroup differences in rMT (Table 1).

DISCUSSION

We found that the CSP was shorter in the MA and MO fe-
males than in the healthy controls, while MEPmax was high-
er in the MA females than in the healthy controls.

Motor cortex excitability in migraine has previously been 
investigated using rMTs, MEPs, and CSP durations, but the 
results have demonstrated both hyperexcitability and hypo-

Table 1. Demographic data and TMS parameters in the three study groups

MA (n=20) MO (n=20) Healthy controls (n=30) p
Age (years) 29.20±1.16 26.10±1.19 26.26±0.80 0.067

Migraine duration (years) 9.90±1.06 6.95±0.94 0.644

Monthly attack frequency 2.70±0.23 2.50±0.27 0.463

rMT (%) 39.15±1.15 39.40±1.36 42.30±1.01 0.088

MEPmax (mV) 7.10±0.78 5.81±0.55 4.92±0.45 0.016*

CSP (ms) 88.93±3.82 86.98±2.72 109.06±2.85 0.001*†

Data are mean±SEM values. 
*Significant difference between MA patients and healthy controls, †Significant difference between MO patients and healthy controls.
CSP: cortical silent period, MA: migraine with aura, MEPmax: maximum amplitude of motor evoked potential, MO: migraine without aura, rMT: resting
motor threshold, TMS: transcranial magnetic stimulation.

Table 2. Correlations between TMS parameters and clinical factors of migraine

Attack frequency Disease duration Age
CSP duration r=0.247, p=0.294 r=–0.373, p=0.105 r=–0.040, p=0.867

MEPmax r=0.162, p=0.495 r=–0.086, p=0.718 r=–0.110, p=0.645

rMT r=–0.209, p=0.377 r=0.054, p=0.820 r=–0.313, p=0.179

CSP: cortical silent period, MEPmax: maximum amplitude of motor evoked potential, rMT: resting motor threshold, TMS: transcranial magnetic stimulation.
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excitability of the cortex.10,17,19-21,26,27 Van der Kamp et al.28,29 
claimed that migraine was associated with motor cortex hy-
perexcitability, since they found high MEPmax amplitudes in 
their own studies, which were not found in other studies.10,20,22 
The present study found that MEPmax was elevated in MA 
patients but not in MO patients. 

The rMT is related to membrane excitability regulated by 
voltage-gated sodium channels,19,30 and during the interictal 
period has been found to be low in some studies10 but high 
in others.17,31 Like in the present study, Neverdahl et al.19 and 
Boros et al.23 found similar rMT values in migraine and con-
trol patients.

The CSP has been described as an interruption of volun-
tary motor activity following the application of a magnetic 
stimulus, and it appears as a silent period on the EMG record. 
The CSP duration is a measure of motor cortical postsynap-
tic inhibition associated with the activation of GABAergic 
interneurons,20,30,32,33 which are inhibitory interneurons in the 
motor cortex. These interneurons may be selectively damaged 

by transient hypoxia during migraine attacks due to them 
being very sensitive to ischemia. Their functions might be 
selectively suppressed during recurrent cortical spreading 
depression. Therefore, some authors have claimed that the 
impairment or primary loss of GABAergic neurons could be 
responsible for the pathogenesis of migraine, with the dam-
aged inhibitory mechanisms possibly being responsible for 
the motor cortex hyperexcitability seen in some migraineurs. 
A short CSP may reflect a reduced activation ability of corti-
cal inhibitory interneurons secondary to the main problems 
in the motor cortex.20-22,34,35 However, contradictory results 
regarding the CSP duration have been detected, with some 
studies in migraineurs showing short CSPs10,18-20,36 but other 
studies finding normal CSPs,17,21,22 while the CSP has been 
found to be longer in patients with chronic migraine than in 
both MA patients and controls.9 In our study, the shorter CSP 
found in patients with MA and MO supports the hypothesis 
of hyperexcitability in the motor cortex during the interictal 
period due to the diminished activation of GABAergic in-

A   B
Fig. 1. CSP measurements of patients. A: CSP in a case of MA. B: CSP in a healthy control case. CSP: cortical silent period, MA: migraine with aura.
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hibitory neurons. 

The above-mentioned contradictory results may also arise 
from technical differences such as timing of the procedure, 
type of coil, and pulse characteristics, as well as factors asso-
ciated with the patient population such as the sample size, sex, 
and type of migraine.10,19 Previous evaluations of the CSP in 
migraine have included both male and female patients, and 
variations in the sex ratio between study populations might 
have been responsible for the contradictory results. Hence, 
we enrolled only female patients in the present study in or-
der to avoid potentially confounding effects of sex. 

Variations in female sex hormones are known to affect cor-
tical excitability.25,37 These hormones can be present at differ-
ent levels depending on the administration of hormonal ther-
apy, pregnancy, and stages of the female reproductive life 
cycle including premenarche, menarche, premenopause, and 
menopause. Also, different phases of the menstrual cycle can 
alter hormone levels so as to affect migraine attacks; for ex-
ample, estradiol may stimulate neuronal excitability while 
progesterone metabolites may enhance GABAergic neuronal 
inhibition.23,25,37,38 Enrolling patients in different menstrual 
phases can therefore be a reason for the observed inconsis-
tencies in results.23 In our study, all subjects had a regular men-
strual cycle and all tests were performed in the preovulatory 
phase. Boros et al.23 studied the effects of the different phas-
es of the menstrual cycle on cortex excitability by measuring 
the rMT in migraineurs. They found that the measured rMT 
was not affected by the phase of the menstrual cycle or the 
usage of oral contraceptives. However, because that study did 
not measure certain parameters such as the CSP duration, 
MEPmax, and SICI,23 we cannot conclude that those tests would 
not be affected by differences in menstrual phases. Khedr et 
al.10 examined motor and visual cortical excitability in mi-
graine patients while taking into account the menstrual phase 
in order to avoid any confounding effects on cortex excitabil-
ity. Consistent with the results of our study, those authors re-
ported that the CSP was significantly shorter in MA and MO 
patients. While they were careful not to make measurements 
during the premenstrual and menstrual phases, they might 
not have completely excluded the confounding effects of hor-
monal changes since they did not conduct their tests during 
a specific phase of the menstrual cycle.10

Mechanisms originating from both cortical and spinal in-
hibition can affect the CSP duration. The mechanisms respon-
sible for modulation of the CSP have not been clearly dem-
onstrated.13,32 To exclude the effect of spinal inhibition, Curra 
et al.20 measured the CSP duration originating from cortical 
inhibition in facial muscle. Those authors found that a short 
CSP duration was independent of the spinal mechanisms in 
migraine patients, and so attributed this finding to reduced 

cortical inhibition in migraine.20 
Another factor modulating the CSP duration is the degree 

of contraction of the muscle used during the measurement. 
The contraction intensities used in previous studies have 
ranged from 10% to 100%, and larger muscle contraction has 
been associated with a shorter CSP. While a large contrac-
tion intensity of 40–60% may provide more-accurate CSP 
measurements, this is difficult to maintain during measure-
ments, which might result in inaccurate CSP evaluations. 
Therefore, smaller contractions may provide optimal mea-
surements of CSP,32,39,40 and so 20% of the maximum volun-
tary contraction was used in the present study.

Many studies of patients with migraine have not found sig-
nificant correlations between the CSP duration and clinical 
parameters such as the frequency and duration of migraine 
attacks.17,19,20,22 We also did not find any significant relation-
ships between the CSP duration and migraine parameters 
such as the attack frequency and disease duration.

The strengths of the present study were as follows: Firstly, 
all the subjects were female, thereby avoiding any confound-
ing effect of sex. Secondly, all measurements were performed 
in a specific phase of the menstrual cycle in females with a 
normal menstrual cycle, thereby avoiding the confounding 
effect of hormonal changes. Thirdly, none of the patients were 
taking antimigraine prophylactics or any drugs that would 
affect measurements of TMS parameters, such as oral contra-
ceptives, hormonal therapy, or drugs that act on the CNS. 
Fourthly, this study included more migraine cases than pre-
vious studies evaluating motor cortex excitability based on 
CSP measurements.

One limitation of this study is that the parameters were not 
measured at different stimulus levels, with a second test not 
performed to show inhibition of GABAergic neurons such as 
SICI. Such measurements might have allowed more general 
conclusions to be drawn about cortical excitability in migraine. 
However, we demonstrated that the CSP was shorter in both 
MA and MO patients, which may indicate the presence of 
motor cortex hyperexcitability due to reduced GABAergic 
neuronal inhibition in migraine.  
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