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Abstract
Background: Headache is the most common pain disorder, affecting around 66% of the global population. This
study aimed to investigate the efficacy of high-frequency repetitive transcranial magnetic stimulation (rTMS) in
treating patients with primary chronic daily headaches (chronic tension-type headache and chronic migraine).
Methods: Twenty-seven patients participated in the study, divided into 2 groups: a study group (16 patients) and a
control group (11 patients). Treatment consisted of 12 high-frequency (5 Hz) real rTMS sessions, delivered over the
left dorsolateral prefrontal cortex (DLPFC), whereas sham rTMS was used for the control group.
Results: Patients of the study group, after real rTMS stimulation, showed a high statistically significant reduction of
the measured headache parameters compared to the control group (P value < 0.001), and the percentage of
improvement was 94.5%. No significant reduction of headache parameters, after sham rTMS stimulation, was
observed in the control group (P value > 0.05) and the percentage of improvement was 7.9%.
Conclusion: High-frequency rTMS is effective in reducing chronic tension headaches and chronic migraines. This
finding runs with the approval of the suggested role of DLPFC in pain control. This might open opinions for new
treatment strategies in tension-type headache and migraine prevention.
Keywords: Repetitive trans-cranial magnetic stimulation, Chronic daily headache, Tension headache, Migraine

Introduction
Chronic daily headache (CDH) is defined as headaches
that occur for a minimum of 15 days in a month, for at
least 3 months, for at least 4 h in a day untreated. Primary CDH includes chronic tension-type headache,
hemicrania continua, new daily persistent headache, and
chronic migraine (CM) [1].
Chronic tension-type headache (CTTH) is the most
common form of headaches. It represents approximately
80% of all headache diagnoses [2]. Clinically, CTTH has
no specific features, a low-level headache that is never
severe, and never has migrainous characters. Patients
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usually have either photophobia, phonophobia, or mild
nausea or none of these. The pain is symptomatized as
aching or pressure and feeling as if the head has a tight
band around it [1–3].
Migraine is a prevalent neurological disorder. Reports
have declared that 18% of men and 43% of women experience a migraine at a certain era of their lives [4, 5]. Migraine is often described as recurrent, pulsating or
throbbing, moderate to severe, and usually unilateral pain
that occurs for 4–72 h, with complete relief between the
episodes (episodic). The headache is associated with nausea, vomiting and/or photophobia, phonophobia, or olfactory disorders. Visual aura, forms of zigzag lines or wide
scintillating scotoma, is the most common; also, unilateral
sensory abnormalities and/or disorders of deglutition may
occur [3].

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

AbdElkader et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

Transcranial magnetic stimulation (TMS) is a noninvasive and safe way to transiently modify the brain cortical excitability, through applying brief magnetic
pulse(s) over the head. TMS was able to suppress cortical spreading depression in animal model experiments,
proposing potential therapeutic implications especially
in migraine with aura attacks [6].
Repetitive transcranial magnetic stimulation (rTMS) is
defined by the number of pulses in a second or frequency in Hertz (Hz). According to the frequency it is
divided into “low-frequency” (slow) rTMS, using 1 Hz or
less, and “high frequency” (fast) rTMS, using s frequency
higher than 1 Hz (ranging between 5 and 25 Hz). Another variable of stimulation is the intensity expressed as
the percentage of individual resting motor threshold. Repetitive TMS can induce long-lasting changes in the
underlying cortex [7].
The prefrontal cortex is the area that may be especially
beneficial in modulating the sentimental, attentional,
and affective aspects of pain [8]. Brighina and colleagues
[9] have elucidated analgesic effects with prefrontal cortex rTMS. The role of the left prefrontal cortex in pain
modification is unclear; however, there are theories to
support the idea that left prefrontal stimulation exerts
active control on pain sensation by modulating corticosubcortical and cortico-cortical tracts [10].
This study was designed to assess the efficacy of rTMS
in the treatment of patients with chronic tension headache and chronic migraine, aiming at raising a new
treatment regimen, and thus elevating the quality of the
daily life of such patients. This data has been presented
previously [11].

Methods
This is a randomized controlled single-blinded study
carried out on 27 patients (22 females and 5 males) having chronic daily headaches according to the International Headache Society (IHS) [12].
All patients were informed about the aim and procedures of the study, and an informed written consent has
been obtained from the patients before the study and a
proper explanation of possible complications (like hearing loss which is prevented by using a protective hearing
set) was done.
Patients were divided into 2 groups: the study group
which included 16 patients who received real (5 Hz)
rTMS and the control group which included 11 patients who received sham rTMS. Patients in both
groups are adults; their age is above the age of 18
years old. They suffered from chronic daily headaches
(chronic tension-type headache and chronic migraine)
with no improvement on medications for a minimum
period of 3 months.
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Patients were collected from the out-patient clinic, in
the period from December 2012 to September 2013
under the supervision of the neurologist in the outpatient clinic.
Patients with abnormal computed tomography (CT) or
magnetic resonance imaging (MRI) of the brain or with
abnormal conventional EEG were excluded from the
study. Patients in this study are not depressed as
Hamilton depression scale has been done for them to
exclude depression (their score is 0–7 to exclude depression). Patients with other subtypes of primary headache
and secondary causes of headache, epilepsy or family
history of epilepsy, pregnant females, and subjects with a
pacemaker, intracranial metal objects, and artificial
metal tooth were excluded also from the study.
Patients were subjected to assessment procedures in
the form of a clinical assessment including careful
history taking and complete neurological examination.
Headache assessment scale; after the first visit, patients were given a diary to rate headache parameters
before starting the first session and after finishing all
the treatment sessions. The scale included the duration of headaches, frequency of the episodes per
month, pain severity, detected on a scale of 4 points
(from 0 to 3) with 0 (no pain), 1 (mild pain), 2 (moderate pain), and 3(severe pain) and headache index
(frequency × intensity) [9]. The scale was applied for
all patients prior to and after the treatment sessions
immediately, and the patients had been followed for a
month from the application of rTMS to confirm
consistency of results. Routine laboratory tests included complete blood count (CBC), fasting and 2 h
postprandial blood sugar level, liver and kidney function tests, erythrocyte sedimentation rate (ESR), and
collagen vascular profile. Radiological assessment was
done such as CT (computed tomography, Toshiba,
Aquilion; 64 slices, Japan, 2005) and/or MRI of the
brain (magnetic resonance imaging, Philips, achiva
and intera; 1.5 Tesla, Holland, 2003) to exclude secondary causes of headache.
Treatment procedures: repetitive trans-cranial magnetic stimulation: A high-frequency repetitive transcranial magnetic stimulator (MagStim Rapid magnetic
stimulator, Magstim Company, Whitland, Wales, UK),
connected with a figure-of-eight coil with a diameter of
70 mm was used.
The motor threshold (MT) was specified for all
subjects before the first session, using single-pulse
stimulation over the primary motor cortex at the hot
spot of the first dorsal interosseous (FDI) muscle,
using a standard EMG machine and surface electrodes. The MT was defined as the lowest intensity
required to provoke a motor-evoked potential in 50%
of successive trials or to induce a visible movement
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of the thumb, wrist, or fingers in at least half of 10
stimulations in a fully relaxed muscle [9] . The
figure-of-eight coil was placed tangentially over the
left DLPFC cortex which was applied on the scalp, 5
cm anterior to the hot spot for the FDI muscle [13],
with its handle pointing posteriorly and placed parallel to a mid-sagittal axis of the head.
The study group got 12 sessions of high-frequency rTMS,
received every other day, with the exclusion of weekends for
4 sequential weeks. Each rTMS session entailed 10 trains of
10 stimulation pulses, with a train duration of 2 s, separated
by a 30-s period, applied at 5-Hz frequency, and 90% of the
MT intensity over left DLPFC [9].
The control group got sham stimulation by turning
the coil 90° from the scalp over the same area of the
skull and the same intensity and protocol as real rTMS.
This technique produced a sound similar to the active
stimulation and some somatic sensations with negligible
direct cortical sequalae [14].
Statistical Methods: MedCalc® version 12.3.0.0 program “Ostend, Belgium” was used for calculations of
sample size, statistical calculator based on 95% confidence interval and power of the study 80% with α error
5%. The previous study [15] showed that there was a
mean of post treatment at headache index in the study
group of 3.06 ± 2.999 compared to the control group of
52.18 ± 18.819, with p value < 0.001 highly significant.
So it can be relied upon in this study, based on this assumption, that the sample size was calculated according
to these values produced in a minimal sample size of 27
cases that were enough to find such a difference, subdivided into two groups, study group (n = 16) and control
group (n = 11).
Data were processed using SPSS in statistical package version 20 (SPSS Inc., Chicago, IL). Numerical
data were analyzed as mean and standard deviation or
median and range accordingly. Qualitative data were
analyzed as frequency and percentage. Chi-square test
(Fisher’s exact test) was utilized to test the relation
between qualitative variables. For quantitative data, in
comparing 2 groups, either Student t test or MannWhitney test (non-parametric t test) was used accordingly. Paired T test was utilized on comparing to
show the effect of intervention between pre and post
clinical assessment. The percent of improvement was
calculated for study and control groups by (HI before
treatment-HI after treatment, divided by HI before
treatment, multiplied by 100). Bivariate correlation
analysis was carried out to assess treatment response
with age, headache duration, frequency, and intensity.
Pearson correlation coefficient was utilized to assess
treatment response with a type of headache. An Independent sample t test was also used. A p value ≤ 0.05
was considered significant.
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Results
General characteristics of studied groups

The study group included 16 patients (13 females and 3
males), with a mean age of 34.19 ± 9.738 years. The duration of illness ranged from 3 to 144 months with a
mean of 22 ± 36.13 months. The control group included
11 patients (9 females and 2 males), with a mean age of
33.91 ± 8.526 years. The duration of illness ranged from
3 to 144 months with a mean of 31.36 ± 42.37 months.
Both groups were matched regarding mean age, gender,
and duration of illness (P value > 0.05).
The study group included 16 patients, 50% of them
had chronic migraines and 50% had a chronic tension
headache. The control group included 11 patients, 54.5%
had chronic migraine, and the remaining 45.5% had a
chronic tension headache.
Headache parameters before treatment in both groups
are represented in Table 1. No statistically significant
difference was noted between the study and control
groups regarding headache frequency, intensity, or index
before treatment (P = 0.39, 0.88, 0.69) respectively.
Headache parameters after treatment were represented;
Within groups: A high statistically significant decrease
in headache frequency, intensity, and index was observed
in the study group patients after treatment (P value <
0.001). The percentage of improvement was 94.5% (percent of patients within this group who show improvement in frequency and intensity of headache), which
indicates a significant improvement of the subjects of
this group after treatment (Tables 2 and 3). The same
degree of improvement was found in chronic migrainous
as well as chronic tension headache patients.
No significant reduction in headache parameters was
observed in patients of the control group (P value >
0.05). The percentage of improvement was 7.9%, which
indicates a non-significant improvement of these patients after treatment (Tables 2 and 4).
Between groups: A high statistically significant decrease
regarding headache frequency, intensity, and index was
observed after treatment in the study group on being
compared to the control group (P = 0.001) (Table 5).
No significant correlation was detected between the
response to rTMS treatment with the age of the patients,
duration of illness, headache frequency, or headache intensity in the study group (P = 0.27, r = − 0.29), (P =
0.72, r = 0.09), (P = 0.98, r = 0.001), (P = 0.72, r = 0.09,
respectively).

Discussion
Headache disorders are among the most dominant central nervous system diseases affecting 66% of the population worldwide and thus considered as one of the major
health issues. Seventy-five percent of patients report failure carrying out their work during the attack, and 50%
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Table 1 Comparison of pre-treatment headache parameters between study and control groups
Headache intensity

Study group

Control group

Number

Percentage

Number

Percentage

Mild

1

6.3

0

0

Moderate

7

43.8

4

36.4

Severe

8

50

7

63.6

Total

16

100

11

100

P value

0.39

Headache frequency

Mean ± SD

Range

Mean ± SD

Range

23.50 ± 6.782

15–30

23.09 ± 7.14

15–30

15–90

61.64 ± 24.42

30–90

P value

0.88

Headache index

58.00 ± 22.891

P value

0.69

SD standard deviation

require the aid of a family member, with extensive impact on their quality of life [3].
In this study, the age of the patients ranged from 20 to
45 years, as migraine commonly affects the age range of
25–55 years [16], as for CTTH is in the age range of 30 to
39 years [17]. Twenty-two patients were females (81.5%)
and 5 were males (18.5%), with male to female ratio 1:4.4.
This went with previous studies that stated that CDH is
more common in females than in males [16–19]. This distribution of age and gender-specific prevalence rates of
migraine might indicate the involvement of hormonal factors in the development of migraine.
In the current study, a high statistically significant decrease regarding headache intensity, frequency, and
index was found in the group who received real rTMS.
These results went in accordance with Brighina and colleagues [9] who concluded that treatment with rTMS
was of extreme benefit in ameliorating headache frequency and headache index.
The precise technique by which rapid rate magnetic
stimulation over the left frontal cortex ameliorates chronic
headache is still unclear. Previous studies noted that rTMS
treatment at high frequencies was capable of retrieving
normal or quite normal levels of DLPFC activation [20].

Both migraine and chronic pain have features in common
that may depend on fronto-limbic sensitization. In chronic
migraine, pain becomes quite independent from operating
triggers and is commonly associated with “limbic” symptoms, such as sleep disorders, fatigue impaired memory
and concentration, and reduced libido. So, it is possible
that DLPFC activation might reset or minimize frontolimbic dysfunction, causing improvement of the clinical
condition. Indeed, although magnetic stimulation was restricted to the prefrontal area, remote influences of rTMS
(network effects) may also spread to faraway interconnected areas [21].
Repetitive TMS can enhance long-lasting plastic modifications, causing a functional reorganization of the
underlying cortex. Even single-pulse TMS can involve
many brain networks that are linked functionally to the
visual system, which might be responsible for its effects
in migraine [22].
In this study, high-frequency rTMS utilized on the left
DLPFC was of great benefit in treating CTTH and CM
patients. This finding went in accordance with Lorenz
and colleagues [10] who stated that DLPFC seems to
have an inhibitory effect on pain perception, by acting as
a negative modulation of central supra-spinal pain tracts.

Table 2 Comparison of headache intensity before and after treatment within the study and control groups
Headache
intensity

Study group (16)
Pre-treatment

Control group (11)
Post treatment

Pre-treatment

Post treatment

N

%

n

%

n

%

n

%

Mild

1

6.3

14

87.5

0

0

0

0

Moderate

7

43.8

2

12.5

4

36.4

4

36.4

Severe

8

50

0

0

7

63.6

7

63.6

P value

< 0.001*

n number
*
Highly significant

> 0.05
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Table 3 Comparison of headache frequency and index before and after treatment within the study group
Study group
Headache index

Headache frequency

Pre-treatment

Post treatment

Pre-treatment

Post treatment

Mean ± S.D

58.0 ± 22.891

3.06 ± 2.999

23.50 ± 6.782

3.19 ± 1.328

Range

15–90

0–10

15–30

1–5

P value

< 0.001*

< 0.001*

SD standard deviation
*
Highly significant

Moreover, DLPFC and the anatomically and physiologically attached limbic cortex have been supposed to be of
extreme importance in the pathophysiology of many
chronic neurobehavioral conditions, as for example, addiction, depression, bipolar disorder, and migraine.
In the study group, the improvement of patients with
CTTH might be the resultant of the alleviation of pain
caused by left DLPFC excitation. This finding went in
agreement with Brighina and colleagues [23]who reported that 5 Hz rTMS stimulation at the left DLPFC at
10 or 20 min after capsaicin application over the dorsal
surface of the right or left hands on a square area of 2 ×
2 cm lead to a significant decrease in spontaneous pain
in both hands [22]. While stimulation of the right DLPF
C with the same parameters revealed no significant influence on pain parameters. According to these results,
stimulation of left DLPFC to cause a bilateral control on
pain system, supporting the critical antinociceptive role
of such area.
In the current study, patients with chronic migraines
who were candidates for real rTMS showed a significant
decrease of headache measures after treatment. This was
consistent with the study of Clarke and colleagues [24]
which was carried out on 42 patients with migraine
treated with rTMS (n = 23) or placebo (n = 19). They
found that about 69% of the subjects was cured from
headache within 2 h of active treatment, compared with
48% in the placebo group. Misra and colleagues [25] also
found that 3 sessions of high frequency (10 Hz) rTMS
delivered to left frontal cortex every other day, comprising 600 pulses in 10 trains was beneficial for migraine
prophylaxis. About 98% of patients had more than 50%
decrease of occurrence of the attacks at the end and 1

week after rTMS, and the improvement continued till
the fourth week in 80.4% cases. In a study of Kumar and
colleagues [26] 14 patients with migraine and unipolar
depression were included in the study with improvement
in MIDAS and in Hamilton depression score after 15
sessions of rTMS over the DLFC.
Stimulation of the left DLFC was found to reduce the
capsaicin-induced pain over both hands not only the
right hand indicating that the left DLFC has an antinociceptive effect on both sides. The factor that enhances the effect of the frontal lobe in migraineurs is the
impairment in frontal lobe neuropsychological tests in
patients with migraine and the reversal of hypometabolism that is found in the frontal lobe after rTMS
make it possible to improve the patient condition [25].
A new study done by Kumar and colleagues [27]
showed that stimulation of the left frontal cortex in patients with chronic migraine reduces the frequency and
intensity of headache. This previous finding is explained
by that the motor cortex is part of the nociceptive circuit
[26].
In the present study, patients who got sham rTMS
stimulation expressed no evident improvement regarding headache frequency, intensity, and index with a small
percentage of improvement (7.9%). These findings went
in accordance with Brighina and colleagues [11], who
stated that placebo rTMS leads only to a slight reduction
in the frequency of episodes and headache index with no
significant improvement of the patients.

Conclusion
In view of the outcome of the current study, it could be
concluded that high-frequency rTMS is effective in the

Table 4 Comparison of headache frequency and index before and after treatment within the control group
Control group
Headache index

Headache frequency

Pre-treatment

Post treatment

Pre-treatment

Post treatment

Mean ± S.D

61.64 ± 24.422

52.18 ± 18.819

23.09 ± 7.148

21.45 ± 6.729

Range

30–90

26–90

15–30

13–30

P value

> 0.05

SD standard deviation

> 0.05
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Table 5 Comparison of post treatment headache parameters
between the study and control groups
P
value

Study group

Control group

Mean ± SD

Mean ± SD

Headache frequency

3.19 ± 1.328

21.45 ± 6.729

0.001*

Headache intensity

0.81 ± .655

2.45 ± 0.522

0.001*

Headache index

3.06 ± 2.999

52.18 ± 18.819

0.001*
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treatment and prophylaxis of patients with chronic tension headache and chronic migraine. So, it is recommended to consider high-frequency rTMS as a
treatment option for patients with chronic primary daily
headaches, especially those refractory to medication.
Limitation

In our study, there is some limitation from which is the
few number of patients incriminated in the study. The
control group at least should be the same number of
cases or even higher. The patient should be followed for
a longer duration to confirm the consistency of our
results.
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