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Research

Abstract 

Introduction 

Oral pharmacological therapy to abort a migraine ictal has a slow 
impact because of the absorbance problem during ictal. There oc-
curs an endocannabinoids deficiency on the migraine sufferer. 
Endocannabinoids are known to press the inflammation process 
in the trigeminal ganglion through the decrease of the CGRP and 
serotonin activities. This research used Neuromuscular Electrical 
Stimulation (NMES), based on the fact that the NO and endocan-
nabinoids are pain modulator concerning the cerebellar activity 
during a muscle twitch. Lately, it’s known that the cerebellum has 
involved in the cortical spreading depression during a migraine at-
tack. 

Method 

The research conducted from February 17th, 2010 until 2015 after 
receiving an approval from the Ethical Committee (February 
16th, 2010), which was also given by the Director General of the 
Correctional Directorate of the Law and Human Rights Ministry, 
to do a research on the inmates as the subject (October 20th, 2009). 
The research was a descriptive study to find the combination of 
NMES frequency and amplitude comfortably on 99 subjects. 

Result

There was a decrease in the migraine pain and the endogenous 
exhaled NO level using a combination on 6mA and 125Hz 
comfortably. 

Conclusion 

NMES may be a tool for an abort migraine ictal. A Randomized, 
the double-blind controlled trial is needed. 

Keywords: NO; Migraine Ictal; NMES; VAS; Amplitude; Frequency; 
Muscle Twitch; Cerebellum 

Introduction 

The migraine therapy includes pharmacological and non-phar-
macological therapy. Pharmacological therapy acts as an abortive 
therapy during the migraine attack and used to decrease the fre-
quency of the attack. The weakness of the pharmacological therapy 
is in its medicine side effect; drowsiness, balance problem and need 
to monitor the functioning of kidney and heart [1-5]. Oral phar-
macological therapy for aborting the migraine attack slew in effect 
because of an absorbance problem due the increase of the sym-
pathetic nerve’s activity. The research concerning pharmacological 
migraine therapy includes intervention on several systems in the 

pathophysiology of a migraine, such are CGRP, glutaminergic sys-
tem, serotonergic and endocannabinoids [3,5-7].

Until today, migraine non-pharmacological therapy has not yet 
achieved a high therapy proof (level evidence). The non-pharma-
cological therapy research emphasizes on the natural analgesic 
role inside the brain which is known as endocannabinoids. The 
intervention of the endocannabinoids system has not only done 
pharmacologically but also in a non-pharmacological way. The 
non-pharmacological intervention is possible to lower the risk on 
research subjects. Endocannabinoids had been known to have the 
ability to suppress the inflammation process of the trigeminal gan-
glion, by lowering the CGRP and serotonin [8]. An endocannabi-
noids deficiency has known to occur on the migraine sufferer. 

This research used an electrical stimulation, based on the fact that 
NO was the modulator of all kinds of neurotransmitter ad natural 
analgesic inside the brain, including endocannabinoids, through a 
quick conduction type II and type III nerve membrane stimulation, 
involving cerebellar activity when a muscle twitch occur [11-25]. 
In the last ten years, it knew that the cerebellum wasn’t an organ 
that only functions in balancing. It proved that the median nerve 
stimulation, using an electrical stimulation with a wavelength of 4 
Hz 0, 2 m/second, can activate the cerebellar climbing fiber [26]. It 
has proved on rats that the cerebellar climbing fiber can be activated 
by using an electrical stimulation, followed by a validation of the 
blood vessel around the cerebellum then it caused by an active 
nNOS and followed by the increase of NO level that enters the 
blood vessel [27]. It has known that the cerebellum is the producer 
of nNOS in the brain [26-28].

Based on the SPECT study, it was found out the cerebellum can 
act as a cortical spreading depression creator and influences the 
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thalamus through the posterior circulation (vertebrobasilar system) 
[17]. Based on this, there was a possibility of endogenous NO role 
in obstructed the cortical spreading depression process, so while a 
migraine was attacking, it could be prevented [29]. The increase of 
endocannabinoids level on migraine sufferer, through the increase 
of endogenous NO level, was coming from nNOS (cerebellar NOS) 
which secreted synergically in the process of LTD, hoped able to 
suppress the CGRP activity. Some of the facts above were basic 
thoughts that had tried to prove the electrical stimulation could be 
used as one of the abortive therapy in a migraine attack. 

Methods 

The research is a descriptive study for finding the electrical 
stimulation frequency and amplitude which could decrease in the 
migraine pain, based on the VAS scale and N endogen exhalation. 
This research is done centrally at the Pondok Bambu women and 
children prison’s clinic, East Jakarta, The research conducted from 
February 17th, 2010 until 2015 after receiving an approval from the 
Ethical Committee (February 16th, 2010), which was also given by 
the Director General of the Correctional Directorate of the Law and 
Human Rights Ministry, to do a research on the inmates as the subject 
(October 20th, 2009). The research was a descriptive study to find 
the combination of NMES frequency and amplitude comfortably 
on 99 subjects. A validation equipment and measurement had been 
done in accordance with American Thoracic Association guidance. 
The populations were all migraine patients who come to the nerve 
clinic of the Cipinang Prison Hospital, Jakarta, and The Cipinang 
Penitentiary clinic, the State Prison in Pondok Bambu, Salemba, 
Tangerang, Bekasi and private practice. The sample populations 
of all patients were suffering in a migraine which qualified the 
inclusion criteria, migraine patients with aura and without aura 
according to the IHS (International Headache Society), age range 
19-55 years old, with the minimum grade of them were in the high 
school educational background, male or female who were willing 
to participate in the research. The anamnesis, physical checkup, 
and neurological condition were normal. 

The perfect frequency to decrease the endogenous exhaled NO and 
the most comfortable for the subjects, and amongst all the NMES 
frequency used, the most common are 70 Hz, 90 Hz, 110 Hz, 125 
Hz, 140 Hz, 145 Hz with various combination of amplitude and the 
wavelength of 0,2 m/second. 

When a migraine was attacking occurs, the patient lied down in a 
peaceful room, while a VAS judgment is made and measurement 
of the early endogenous exhaled NO was taken. NMES electrode 
had put on the abductor policies brevis muscle. An intervention 
has done for 30 minutes, then the endogenous exhaled NO level 
measured in ten seconds after the attack stopped, appropriate with 
the American Thoracic Society procedure. 

Intervention using NMES on the skin surface of the abductor 
policies brevis muscle on the right and left hands, in accordance 
with the median nerve motoric distribution, until a muscle twitch 
occurs. 

The measurement of the endogenous exhaled NO is noted down in 
ten seconds after the electrical stimulation ends in accordance with 
the American Thoracic Society guidance. 

In every clinical test, the level of migraine pain had measured with 
VAS before and after the stimulation on the migraine sufferer. 

Result 

Based on the research (Table 1) it can be concluded that the 
combination of the amplitude and frequency of 6mA and 125Hz 
can make the patients comfortable. 
Table 1: Level of the decrease of endogenous exhaled NO, the decrease 
of pain in VAS and comfortability.

No Frequency Decrease VAS Decrease NO Comfortability

1 7mA 70Hz    

Subject 1 2 1 Comfortable

Subject 2 4 3 Comfortable

2 5mA 90Hz

Subject 1 3 1 Comfortable

Subject 2 4 1 Comfortable

Subject 3 4 1 Comfortable

Subject 4 3 1 Comfortable

Subject 5 3 4 Comfortable

3 7mA 90Hz

Subject 1 4 0 Uncomfortable

Subject 2 5 1 Uncomfortable

Subject 3 4 0 Uncomfortable

Subject 4 3 1 Uncomfortable

Subject 5 3 4 Uncomfortable

Subject 6 4 2 Uncomfortable

Subject 7 4 0 Comfortable

Subject 8 4 7 Comfortable

4 9mA 90Hz

Subject 1 4 1 Comfortable

5 25mA 90Hz

Subject 1 4 2 Comfortable

Subject 2 3 2 Comfortable

Subject 3 2 0 Comfortable

6 9mA 110Hz

Subject 1 2 0 Comfortable

Subject 2 4 4 Comfortable

Subject 3 2 1 Uncomfortable

Subject 4 3 0 Uncomfortable

Subject 5 3 2 Uncomfortable

Subject 6 3 1 Uncomfortable

Subject 7 4 0 Uncomfortable
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7 6mA 125Hz

Subject 1 5 3 Comfortable

Subject 2 5 2 Comfortable

Subject 3 4 1 Comfortable

Subject 4 6 11 Comfortable

Subject 5 6 2 Comfortable

Subject 6 5 1 Comfortable

Subject 7 3 6 Comfortable

Subject 8 4 1 Comfortable

Subject 9 4 0 Comfortable

Subject 10 5 4 Comfortable

Subject 11 5 4 Comfortable

Subject 12 6 1 Comfortable

Subject 13 5 5 Comfortable

Subject 14 5 4 Comfortable

Subject 15 5 12 Comfortable

Subject 16 5 3 Comfortable

Subject 17 4 1 Comfortable

8 9mA 125Hz

Subject 1 5 1 Uncomfortable

Subject 2 5 1 Uncomfortable

Subject 3 4 2 Uncomfortable

Subject 4 4 1 Uncomfortable

9 12mA 125Hz

Subject 1 3 2 Uncomfortable

Subject 2 3 2 Uncomfortable

10 9mA 140Hz

Subject 1 4 1 Comfortable

Subject 2 4 2 Comfortable

Subject 3 4 0 Comfortable

Subject 4 3 0 Comfortable

11 10mA 140Hz

Subject 1 5 3 Uncomfortable

Subject 2 5 2 Uncomfortable

Subject 3 5 0 Uncomfortable

Subject 4 4 3 Comfortable

Subject 5 4 2 Comfortable

Subject 6 4 1 Comfortable

Subject 7 3 3 Uncomfortable

Subject 8 4 0 Uncomfortable

12 12mA 140Hz

Subject 1 4 1 Comfortable

Subject 2 5 1 Comfortable

Subject 3 5 0 Comfortable

Subject 4 4 0 Comfortable

Subject 5 3 4 Comfortable

13 3mA 145Hz

Subject 1 3 7 Uncomfortable

14 4mA 145Hz

Subject 1 3 1 Comfortable

Subject 2 3 3 Comfortable

15 5mA 145Hz

Subject 1 2 0 Comfortable

Subject 2 2 0 Comfortable

Subject 3 2 0 Comfortable

Subject 4 2 1 Comfortable

Subject 5 4 2 Comfortable

Subject 6 3 1 Comfortable

Subject 7 4 3 Comfortable

Subject 8 3 0 Comfortable

Subject 9 2 0 Comfortable

16 7mA 145Hz

Subject 1 4 3 Comfortable

Subject 2 1 1 Comfortable

Subject 3 3 0 Comfortable

Subject 4 3 12 Uncomfortable

Subject 5 4 2 Uncomfortable

Subject 6 4 2 Uncomfortable

Subject 7 4 4 Uncomfortable

Subject 8 4 1 Uncomfortable

Subject 9 4 1 Comfortable

Subject 10 5 0 Comfortable

Subject 11 5 1 Comfortable

Subject 12 5 0 Comfortable

Subject 13 5 7 Comfortable

Subject 14 5 5 Comfortable

Subject 15 4 1 Comfortable

Subject 16 6 9 Comfortable

Subject 17 4 0 Comfortable

Subject 18 4 0 Comfortable

Subject 19 2 7 Comfortable

Subject 20 3 5 Comfortable
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Discussion 

The recruitment of the research subject has done by giving out 
open notices just like the first research. The information for the 
participants-to-be had given clearly and followed by signing an 
approval letter stating their willingness to become research subjects. 
The IHS migraine criteria are used as the diagnosis subject’s 
selection. The IHS criteria for migraine diagnosis are the most valid 
one. There were no exclusion criteria in this research. A statistic 
analysis is not done; this research was merely a descriptive study. 
The research staffs were doctors and paramedics of the Pondok 
Bambu State Prison, East Jakarta, who have obtained training 
and learned the IHS migraine diagnosis criteria. The research 
participants were employees and inmates of the state prison, with 
the capacity of 2000 people, though the number keeps changing 

Tabel  2

Frequency and amplitude combination  subject n Median

1 2 3

2 5 3

3 8 4

4 1 4

5 3 3

6 7 3

7 17 5

8 4 4,5

9 2 3

10 4 4

11 8 4

12 5 4

13 1 3

14 2 3

15 9 2

16 20 4

Tabel 3: Comparison between amplitude and frequency groups to 
combination number 7.

Perbandingan berbagai kombinasi frekuensi dan amplitudo p

1 vs 7 0,047

2 vs 7 0,004

4 vs 7 0,251

5 vs 7 0,014

10 vs 7 0,020

12 vs 7 0,149

14 vs 7 0,023

15 vs 7 <0,001

Footnote  on statistical analysis – nonparametric variables wasanalyzed 
using Mann-Whitney test

according to their sentence. The subject can be analyzed by the staff 
for 24 hours. The similar situation was not easy to be achieved at 
other health centers, such as the local government clinic. 

The internal causal validity in this research can be explained as 
follows; there was a clear relation of time between the cause and 
result concerning the electrical stimulation effects that decreases the 
pain during the migraine attack. Every combination of amplitude 
and frequency uses resulted in the decrease in the VAS scale with/
without the decrease on the endogenous exhaled NO level. There 
is no pathophysiology migraine pain difference in the research 
subjects and the migraine case population. A conclusion concerning 
the strong causal and result relation has not yet to be made because 
the research is still bias influenced by the contamination factor 
control through randomization [30].  There is a relation between 
response and dose [30]. There is a relation between amplitude and 
frequency in the stimulation process that influences the response 
of migraine sufferer concerning the decrease of pain intensity and 
the endogenous exhaled NO level. The similar thing is predicted to 
happen in the population. Empirically, there is a specific causal and 
result relation [30]. The electrical stimulation decreases the VAS 
scale and the endogenous exhaled NO level. This is predicted to 
happen in the population, a logical causal, and result relation [30]. 
The relation between the electrical stimulation with the decrease of 
VAS scale and the endogenous exhaled NO level can be explained 
based on the literature study that has been done previously, in 
relation to the previous research [30].

This research is related to the previous research concerning the use 
of the NMES equipment as the anti-pain. Although there are not 
many types of research done, the fact is that beside TENS, there is a 
tendency of NMES used as an anti-pain therapy without a specific 
explanation on how this equipment is used [31]. This research is 
designed based on scientific facts and there is a clear relation with 
the previous researches. 

The design used in this research was not strong enough because 
there was no comparison in the experiment (sham procedure) [30]. 
A research explaining about the uses of the NMES equipment to 
abort the pain during a migraine attack has not yet done to be used 
as a comparable factor [30]. The usage of the endogenous exhaled 
NO equipment to monitor the responses of the migraine therapy 
was similar to the one done by Van der Schueren and colleagues. 
They performed unrandomized and unblinding test research. 
Patients are allowed to know the amplitude and frequency that 
are given by the executing staff. The NMES electrical stimulation 
executor also understood well that the patients are in-ictal migraine 
patients. 

Pathophysiologically, there is no difference between the migraine 
sufferer inside the penitentiary or prison comparing to the migraine 
sufferer outside the prison. Nevertheless, because the research is 
empirical, the result couldn’t be generalized to a bigger population. 
A random blind test is still needed to make a more convincing 
generalization. 
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Conclusion
This research is done based on some researches which had been 
done previously on both human and animal. There is a possibility 
that the electrical stimulation can affect the pathophysiology process 
during a migraine attack. A research on rats became an approach 
that the electrical stimulation causes the release of the NO from 
the cerebellum membrane. Strengthen by the checking process 
using the Doppler ultrasonography equipment which shows the 
pictures of the blood vessel around the cerebellum membrane that 
widens when electrically stimulated. The weakness in this study is 
in a matching process with the siblings (the same species) has not 
done. Nevertheless, this research gives very important information 
because all bias could be controlled with an experimental method. 

Ishao Hashimoto proved that the electrical stimulation would cause 
muscle twitch on the abductor policies brevis muscle can cause the 
activation of the climbing fiber, purkinje and cerebellum parallel 
based on MEG. This fact became a basis to suggest a new, more 
practical, easy and cheap therapy. There were few facts that showed 
the tendency that the electrical stimulation in the form of muscle 
twitch has a role in the pain therapy. Hsneh TC, Cheng PT, Kuan 
TS and Hong CZ did a research by giving electrical stimulation 
that causes muscle twitch on the top part of the trapezius muscle 
for myofascial therapy. 193 Gaines J, Metter E and Talbot L did 
a research by doing a clinical test on two groups containing [38] 
people as subjects. It is known whether a randomization is done 
in this research in allocating the subjects in the sham group and 
clinical test. This research uses a McGill Pain Questionnaire 
scoring on the 15 minutes electrical stimulation using an NMES 
equipment which was put on the quadriceps femoris muscle on the 
osteoarthritis sufferer. From this research, it could be concluded 
that the NMES can decrease the pain on the osteoarthritis sufferer 
[32]. Yu and colleagues shew that the NMES percutaneously could 
decrease the pain intensity [33]. Rochester CL proved that an 
NMES stimulation on the top muscle showed a clinical repair on 
the COPD patients and an increase in the endogenous exhaled NO 
level [34]. This support of the previous theories, it has a stimulation 
on the tip of the proprioceptive nerves would activate the dorsal 
spinal-cerebellar pathway. 

The NMES equipment can be used as an electrical stimulation 
that causes muscle twitch. A muscle with is a part of the LTD on 
the motor learning process [35,36]. On LTD, NO is produced 
synergically with the endocannabinoids [10,37,38].  

The unbalance endocannabinoids level were related to the proses 
of a migraine attack [7,25,39]. Until now, NMES has used as an 
equipment in the field of medical rehabilitation to train a disuse 
atrophy muscles [40,41]. This was the first research that empirically 
monitor the NMES equipment as an application to decrease the 
pain during a migraine attack. This was a very important research 
because it tried to see the decrease of clinical symptom pattern of 
the migraine pain on the VAS scale and related to the endogenous 
exhaled NO level, an effort to give a knowledge of new theories 
concerning migraine pain. Similar research could be implemented 

at other place and time, as long as the right equipment and staff 
were available. 

The NMES equipment could easily be found in Indonesia, affordable 
and easy to operate, but of course, the migraine sufferer needs to be 
given a short training first. According to the CEA measurements, 
there will be more benefit for the migraine sufferer than the cost 
they have to spend. The combination of amplitude 6 mA and 
frequency 125 Hz are the best way in this research, has predicted 
to be able to decrease the migraine pain intensity according to the 
VAS scale and decrease the endogenous exhaled NO level during 
the migraine attack, and does not cause an uncomfortable feeling 
on the skin surface where the NMES electrode put on. This research 
was not in contradictory with ethics, religion, and culture.
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