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Research

Abstract 

Introduction

Oral therapy to abort a migraine ictal slowed in effect because of the 
absorption problem during ictal. There was an endocannabinoids 
deficiency on the migraine sufferer. Endocannabinoids suppressed 
the inflammation of the trigeminal ganglia. This research used 
Neuromuscular Electrical Stimulation (NMES), based on the fact 
that the NO and endocannabinoids had pain modulator, related 
to the cerebellar LTD. Lately, it has known that the cerebellum 
involved in the cortical spreading depression during ictal. 

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). 
Subjects who fulfill the IHS (International Headache Society) 
criteria, including a migraine with aura and without aura, were 
randomized into a clinical trial group (n=33) and sham group 
(n=30). Neuromuscular Electrical Stimulation was performed with 
blinding. Endogenous exhaled NO level and clinical improvement 
(VAS) is written down before and after. 

Result

There were clinically and statistically significant in the clinical 
improvement and a change of endogenous exhaled NO level after 
intervention compared to the sham group. 

Conclusion 

There was a clinical improvement in using NMES for an abortion 
migraine ictal. 
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Introduction 

A migraine is a health problem occurring in the society which 
has a big impact on the sufferer. Every year, ten million people 
in the United States sufferd from a migraine. Sixteen percent of a 
population was a migraine sufferer. Migraine sufferers are mostly 
women (18%) than men (16%). In Surabaya, in 1984, amongst 
6.448 new patients at the clinic, 180 were migraine sufferers [1]. At 
the Cipto Mangunkusumo Hospital, Jakarta, from the 1.298 new 
patients had come from January to May 1988, 273 of them were 
migraine sufferers [2]. A population study in Bogor showed that 

61% of headaches occurred in the age group of 25-54, 8,6% of this 
age group suffer from a migraine, with the detail as follows: 81,6% 
suffers from a migraine without aura, 16,8% suffers a migraine with 
aura, 0,6% suffers a migraine with complication and 1,2% suffers a 
cluster headache [2].

A migraine is defined as a chronic interference which has a big impact, 
usually unilateral, a pain in the head that throb accompanied by aura 
as a symptom [3]. Migraine sufferer experiences a neurochemistry 
change inside the dura membrane in the brain, the increase of 
endogenous exhaled NO level that originated from the excessive 
iNOS (inducible NOS) activity. The inducible NOS (iNOS) are an 
enzyme that has proven to increase during an acute migraine ictal, 
and once it induced, this enzyme can stay in the blood for 4 hours, 
while eNOs and nNOs don’t [4,5]. Some researchers stated that 
the NO was the case of the pain, while other researchers opposed. 
Nitric Oxide that causes the pain was the NO donor exogenously, 
such as GTN (Glyceryl Trinitrate) which could widen the diameter 
of the blood vessel excessively, so that stimulation to sensory nerve 
fiber on the wall of the blood vessel [6-9]. The Endogenous NO 
will also cause pain if a disease process produces NO excessively, 
for example, when an excessive iNOS activation occurs, it produces 
NO excessively. Some researchers proved that the endogenous NO 
could become an antinociceptive, but if too much, NO can also 
act in hyperalgesia and allodynia [4,8,10-13]. The advancement in 
migraine therapy will improve the human life quality and decrease 
the amount of pain and also the attendance list of workers [14].

All these times, migraine diagnosis has only based on the 
International Headache Society criteria subjectively. There is not 
yet an objective parameter, such as a laboratory test, which can 
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be used as the main guidance for migraine diagnosis [3,4,15-17]. 
The researchers tend to measure the iNOS level inside the blood 
and endogenous exhaled NO which is related to acute a migraine 
ictal. The measuring of iNOS level in the blood during an acute 
migraine ictal was not practical because a radioactive laboratory 
test is needed [18]. 

The measuring of the NO in the blood as a picture of the iNOS 
activity had proven to be incorrect due to its instability because 
nitrate could be a result of a germ metabolism inside the intestine 
[10].

The measuring of Endogenous exhaled NO level of the migraine 
sufferer was not painful and easy to do. The endogenous exhaled 
NO analyzer/equipment has available in many forms and has been 
validated and recommended by the American Thoracic Society 
[19]. This test expected to be able to be used as a more objective 
migraine diagnosis in the future based on the diagnostic study [15-
17].

The research showed the pattern of endogenous exhaled NO level on 
the migraine sufferer which has never been done in Indonesia. Until 
today, there has only one research that measured the endogenous 
exhaled NO level on the migraine sufferer using an exhaled NO 
analyzer/equipment which had been done by Van der Schueren 
and colleagues, who want to prove that there was an increase on 
the endogenous exhaled NO level during an acute migraine ictal. 
This research achieved an average point of the endogenous exhaled 
NO level during a migraine ictal, inter-ictal and normal people. 
The measurement is done in 2-48 hours from an acute migraine 
ictal and has not yet proven any significant result [5].

Migraine therapy includes pharmacological and non-
pharmacological therapy. Pharmacological therapy has a 
weakness in medicine side effects; drowsiness, balance problem, 
and the need to monitor the function of the liver and kidney 
[4,5,17,20,21]. Oral pharmacological therapy to abort a migraine 
ictal was slow in effect because an absorption problem occurs due 
to the increase of the sympathetic nerve activity. The research on 
migraine pharmacological therapy includes interventions on some 
system that are related to the migraine pathophysiology, such are 
CGRP, glutaminergic system, serotonergic and endocannabinoids 
[17,20,22,23].

Until today, there has no higher level of evidence-based medicine 
for a migraine non-pharmacological therapy. The research on 
migraine non-pharmacological emphasizes on the natural analgesic 
which is known as the endocannabinoids. The intervention of the 
endocannabinoids system can be done pharmacologically and non-
pharmacologically. The non-pharmacological intervention enables 
to reduce the risk of the research subjects. Endocannabinoids are 
known to be able to suppress the inflammatory process on the 
ganglion trigeminal by lowering the CGRP and serotonin activities 
[10]. An endocannabinoids deficiency is known to occur on the 
migraine sufferer [24,25].

This research uses an electrical stimulation, based on the fact that 

the NO is the modulator of various neurotransmitter and natural 
analgesic inside the brain, including endocannabinoids, by the fast 
type II and III conduction stimulation on the nerve fiber, in relation 
to the cerebellum activity before a muscle twitch occurs [2, 6, 11, 
15, 26-36]. In the last ten years, it is known that the cerebellum is 
not an organ that only functions in balance. It has been proven 
that the nerve median stimulation, with the electrical stimulation 
of 4 Hz and a wavelength of 0,2m/second, can activate the climbing 
cerebellum fiber [37]. It has been proven in rats, that the climbing 
cerebellum fiber can be activated with an electrical stimulation, 
followed by the vasodilatation of the blood vessel around the 
cerebellum, as a result of the active nNOS, and then followed by 
the increase of the NO that diffuses into the blood vessel [38]. It 
has been known that the cerebellum is the main producer of nNOS 
in the brain [37-39].

Based on the SPECT study, the cerebellum is known to be able to act 
as an initiator of the cortical spreading depression and can influence 
the thalamus through the posterior circulation (vertebrobasilar 
system) [30]. Based on this research, there is a possibility that the 
endogenous NO can impede the cortical spreading depression 
so that a migraine ictal can be impeded [40]. The increase of 
endocannabinoids level of the migraine sufferer, which originated 
from the increase of the NO endogen that comes from a surgically 
secreted nNOS (cerebellar NOS) in the LTD process, is expected 
to be able to suppress the CGRP activity [10]. The facts above is a 
basic thought which tries to prove that electrical stimulation can be 
used as one of the abortive therapy during a migraine ictal. 

Method 

This clinical trial research using randomization with blinding. The 
research took place in the Pondok Bambu women and children 
state prison, 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). Subjects who fulfill the IHS 
(International Headache Society) criteria, including a migraine 
with aura and without aura, were randomized into a clinical trial 
group (n=33) and sham group (n=30). Neuromuscular Electrical 
Stimulation was performed with blinding. Endogenous exhaled 
NO level and clinical improvement (VAS) is written down before 
and after. A validation equipment and measurement had been done 
in accordance with American Thoracic Association guidance. The 
population was all migraine patients who come to the nerve clinic 
at the Cipinang Hospital, Jakarta, the Cipinang Penitentiary clinic, 
The Pondok Bambu, Salemba, Tangerang, and Bekasi State Prison, 
and also private practices. The sample population was all migraine 
patients appropriate with the inclusion criteria. The inclusion 
criteria were migraine patients with and without aura according 
to the IHS (International Headache Society) criteria, the age range 
of 19-55, with the educational background of high school, male 
or female who are willing to participate in the research. On the 



Citation: Arman Yurisaldi Saleh, Hasan Machfoed and Kuntoro (2016) Migraine Abort Therapy Using Neuromuscular Electrical 
Stimulation, A Study on the Role of NO and Cerebellum in the Migraine Pathophysiology. BAOJ Neuro 2: 018.

Page 3 of 9

BAOJ Neuro, an openaccess journal                                                                                                                                                                 Volume 2; Issue 2; 018

amnesia, physical checkup, and neurological were in a normal 
condition. 

All samples were given explanations about the purpose, procedure, 
and benefit of the research. If they understood and agreed to 
participate in the research, they were asked to sign the research 
permit. The research samples were the migraine patients that fulfill 
the inclusion criteria and a simple random sampling was used by 
using lottery paper. 

According to IHS (International Headache Society), the subjects 
that fulfill the criteria of a migraine with and without aura must be 
randomized into group allocation (experimental and sham). One 
of the sham groups was the migraine group that uses the medicinal 
abortive therapy by using sham that was the NMES equipment 
put on, but not electrically. The electrode puts in the hands of the 
patients. The NMES machine and monitor, but the patients don’t 
know the numbers and information on the NMES monitor. The 
patients thought that the low electrical current might not be felt 
by them. Only the data collecting staffs were known about subject 
grouping, while the research staff who measures and do therapy 
didn’t know about subjects grouping. The researchers did migraine 
diagnosis but didn’t know which group the patients belong to. 

The patients who suffered from a migraine lay down in a peaceful 
room; a VAS measurement and early NOS androgen exhalation are 
done. NMES electrode was put in the palm of the hands where the 
median nerve motoric exist until a muscle twitch on the abductor 
policies brevis muscle occurs. 30 minutes intervention is followed 
by measuring the endogenous exhaled NO level 10 seconds after 
the stimulation ended, in accordance with the American Thoracic 
Society’s procedure [19].  NMES intervention on the skin surface of 
the abductor policies brevis muscle on both hands, in accordance 
with the motoric distribution of the median nerve, until a muscle 
twitch occurs (a twitch of the muscle caused by the electrical 
stimulation that influences the motoric nerve), on the frequency 
and amplitude in accordance with the previous study, which could 
decrease the migraine pain based on the 

VAS scale and the endogenous exhaled NO level and also 
comfortable for the research subjects. The measurement of the 
endogenous exhaled NO is written down for 10 seconds after the 
stimulation ended. In every clinical test, the pain degree on the 
VAS scale is written down, before and after the stimulation on 
the migraine sufferer on the clinical trial group and sham group. 
A quality control by examining it as a whole and also reducing 
the input vector (man, money, material and method) was done. 
A picking test had done to see the adherence to the research 
procedure and reducing the research results. Research data are 
written on the forms. After going through the editing and coding 
process, research data recorded in the magnetic disc to undergo a 
cleaning process. A comparison was done to the sham group and 
clinical trial on the VAS scale and endogenous exhaled NO level 
with a t-test or Mann-Whitney test. 

Result 

The plot of a clinical trial is shown in the Figure 1. Based on Table 

1, there was comparable between sham group and clinical trial. 
Based on Table 2, there was a significant result between clinical 
trial group compared to the sham group in the endogenous exhaled 
NO level and VAS. 

Discussion 

All patients who are willing to become research subjects were given 
medicinally therapy directly and followed the research procedure 
in less than 30 minutes after a migraine ictal. The patients were still 
given the standard migraine therapy procedure in the form of 1000 
mg paracetamol on the clinical trial and sham groups. 

Information validity of this research is guaranteed, there is a clear 
definition of migraine diagnosis equipment, and materials used in 
the research, also the inclusion and exclusion criteria in operational 
definitions. The subjects understood that this research used an 
electrical stimulation instead of medicine/chemical substance. The 
subjects also knew that if a pain occurs caused by the electrical 
stimulation, it will be taken care of by medical staffs. 

The subject recruitment process is done by giving open notification 
and explanation about the symptoms and signs of migraine pain 
that are similar to a migraine, and also the purpose, benefit, and 
contribution to the medical field. Then, registration was done for 
those who have migraine symptoms and willing to participate 
in the research. On the third research, exclusion like on the first 
research is not done. Research participants signed a letter of 
approval, but before that their rights to quit and the benefit for 
them was explained. Participants who decided not to continue their 
participation in the research will still get their medical treatment 
according to their diseases. 

In this, the clinical trial, 170 people who were migraine sufferer were 
willing to participate in the research. After anamnesis and checkup 
were done, it was found out that 30 people were a mixed migraine 
sufferer or a mixed migraine and tension-type headache, so they 
were not included in the research. 140 people were randomized by 
using a lottery. The randomization process was done by the third 
party who is not involved as the research staff, and the result was 
not shown to the main researcher until the end of the research. The 
main researcher and the measuring staff didn’t know which group 
the participants belong to, whether it was the clinical trial or the 
sham group. The blending process was done by using 

The sham procedure to guarantee there will not be biased 
information [40]. According to this procedure, the electrical 
stimulation equipment was arranged in the same form and 
machine, but the machine was not activated in the sham group. 
This is done in order to guarantee the internal validity. 

The clinical group consists of 63 people, while the sham group 
consists of 77 people. The data of each participant were noted by the 
staff. When the participants experience a migraine ictal, they were 
put into their groups in accordance with the lottery. The Subjects 
didn’t know which group they belong to. A data collecting staff 
gave instruction to the staff who measures the endogenous exhaled 
NO level and did the therapy in accordance with the instruction 
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has given by the staff who understands the group classification (the 
data collecting staff). The result of the endogenous exhaled NO 
level before and after the treatment of clinical trial and the sham 
group was taken care by special staff. Stimulation was done for 30 
minutes, and then the measurement and the endogenous exhaled 
NO level before and after the stimulation is written down, according 
to with the ATS procedure. All data were known and given to the 
data collecting staff who works under the main researcher and 
responsible for carrying out the research. 

Both groups (clinical trial and sham) were given 1000 mg 
paracetamol, in accordance with the migraine pain procedures. 
Pharmacodynamically, the medicinal therapy shows an effect one 
hour after the medicine was taken. The research is stopped and 
an interim analysis is done if the number of the participant in the 
group is estimated to fulfill one-third of the number of subjects 
planned. An interim analysis is done in accordance with the 
O’Brien-Flemming formula concerning the rules of ending clinical 
test [42-46]. Analysis based on the O’Brien-Flemming criteria was 

Figure 1: The plot of clinical trial
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that when achieving a stopping rule = 0,005, then the research is 
stopped to fulfill the research ethics. The analysis resulted in a point 
of 0,005 so there was a significant difference between the clinical 
groups compared to the sham group. The research was stopped 
because of the belief that there is a clearly clinically significant 
effect size based on the previous investigations so that the number 
of subjects is much smaller than predicted. 

There is a significant difference on the sham group+paracetamol 
comparing to the electrical, clinical test+paracetamol concerning 
the endogenous exhaled NO level and the pain degree in the 
VAS scale before and after the electrical stimulation. There is no 

difference in the age range of two groups. 

The result of this research can be applied to the larger population 
because it fulfills the causal result relation requirements which are 
mentioned in literature; 

1. There is a clear time relation between cause and result [47].

In this research, there was a clear cause-result relation concerning 
the electrical stimulation effects with the decrease of the pain of 
the migraine sufferer. There was no difference in the migraine pain 
pathophysiology between the subject and the migraine cases in the 
population. 

Table 1: The characteristic of subjects

Sham + 
Paracetamol 
(n=30) 

Electrical stimulation + paracetamol 
(n=33) 

Age 34,50±8,64 28,76±7,14 

Sex 

Male 
Female 

3 (10,0) 
27 (90,0) 

2 (6,1) 
31 (93,9) 

Weight (kg) 52,8 ±3,1 52,7 ±2,9 

Height (cm) 156,1 ± 2,9 155,0 ± 17,7 

IMT 21,7 ±1,5 25,0 ±2,24 

NO I 

Median: 16 Median: 27 

VAS I 

Median: 5 Median: 6 

Table 2: Intensity of pain and exhaled NO level after intervention

Sham + paracetamol (n=30) Electrical stimulation + paracetamol (n=33)

Median Median P

NO II 29 19 <0,001

VAS II 8 1 <0,001

Footnote on statistical analysis – nonparametric variables was analyzed using the Mann-Whitney test.

Table 3: Regression trial grouping and NO I, toward NO II

Variable Coefficient r P 

Trial Grouping 16,482 1,086 < 0,001 

NO I 0,836 0,818 < 0,001 

Konstanta - 1,984 0,233 Konstanta 

Table 4: Stratification of NO I based on sham and trial group

NO level Groups NO I NO II 

≤ 18 Sham 16 ppb 29 ppb 

Trial 17 ppb 11 ppb 

> 18 Sham 25 ppb 33 ppb 

Trial 30 ppb 21 ppb 
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2. There was a strong causal-result relation [47].

The relation between the electrical stimulation to the decrease on 
the VAS scale, bias is removed by randomization. 

3. The relation between response and dose [47].

It is clearly seen that the stimulation frequency influenced the 
sufferer’s response concerning the decrease of pain intensity and 
the endogenous exhaled NO level. The similar thing is predicted to 
happen in the population. 

4. A specific cause-result relation [47].

The electrical stimulation could clearly decrease the VAS scale and 
the endogenous exhaled NO level. The similar thing is predicted to 
happen in the population. 

5. A reasonable cause-result relation [47].

The relation between the electrical stimulation with the VAS scale 
and the endogenous exhaled NO level can be explained based on 
the previous literature study. 

6. In connection with the previous researches [47].

This research is designed based on scientific facts and there is a 
clear connection with the previous scientific researcher. 

7. Experimental proof [47].

This research used experimental method, in this case, a clinical 
trial was done on the subject and sham group. 

8. The result is equivalent to other researchers [47].

The result of this result is equivalent to the one done by Van der 
Schueren, concerning the endogenous exhaled NO level. It is a new 
experiment in relation to the usage of the NMES equipment used 
as an abortive therapy on migraine ictal. 

9. It is not mentioned in the literature that a nonparametric 
study can’t be used as a basis to make a generalization to the 
populations. 

This research discovered that the frequency distribution of the 
endogenous exhaled NO on the migraine sufferer was not normal, 
which occur in some cases in the population. Pathophysiologically 
there is no difference between the migraine sufferer inside the 
penitentiary or state prison comparing to the migraine sufferer 
outside the penitentiary, so there was a basis to generalize the result 
of this research. 

This research is done based on some researchers that were done 
previously on both human and animal. On the level of human and 
animal, there is a possibility that the electrical stimulation can 
influence the pathophysiology of a migraine ictal. Research on rats 
became an approach that the electrical stimulation can cause the 
release of the NO from the cerebellum tissue. This is strengthened 
by examining it using Doppler ultrasonography equipment which 
shows a picture of the widening of the blood vessel around the 
cerebellum tissue which had been electrically stimulated. There 
is a weakness in the animal research study; a matching process 
with the siblings is not done. Nevertheless, the research data gave 

important information because all bias can be controlled with the 
experimental method. 

Ishao Hashimoto proved that the electrical stimulation can cause a 
muscle twitch on the muscular abductor policies brevis which then 
causes the activation of the climbing fiber, purkinje, and cerebellum 
parallel based on MEG. This fact became the basis to suggest a 
new therapy which is practical, affordable and easy to do. There 
are some facts that show a tendency that the electrical stimulation 
in the form of muscle twitch can play 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 the myofascial pain therapy. 
Gaines, J, Metter E dan Talbot L did a clinical trial research in two 
groups, with the total subjects of 38 people. It didn’t know whether 
a randomization on the group allocation is done in this research. 
This research uses the McGill Pain Questionnaire measurement on 
the 15 minutes electrical stimulation with an NMES equipment that 
put on the quadriceps femoris muscle of the osteoarthritis sufferer. 
The result was significant and concluded that the NMES can 
decrease the pain of osteoarthritis sufferer [48].Yu and colleagues 
showed that the percutaneous NMES can reduce the pain intensity. 
49 Rochester CL showed that the NMES stimulation on the top 
part of the movement, muscle shows a clinical repair in COPD 
patients and the increase in the endogenous exhaled NO level [50].
This strengthens the previous theories, that if a stimulation on the 
tips of the proprioceptive nerve will activate the dorsal spinal-
cerebellar pathway. 

The NMES equipment can be used as an electrical stimulation that 
caused a muscle twitch. A muscle twitch was a part of the LTD 
on the motor learning process [51,52]. On LTD, NO is produced 
synergically with endocannabinoids [25, 53, 54]. The unbalance 
enodakanabonoid level is related to a migraine ictal [8, 11, 23]. Until 
today, NMEs has an equipment used in medical rehabilitation field 
to train disuse atrophy muscles [55, 56]. This was the first research 
to test an NMES equipment as an application to reduce the pain of 
the migraine sufferer. The clinical trial using the NMES equipment 
was important because it tried to prove a new theory concerning 
migraine pain therapy. The NMES equipment is easy to be found 
in Indonesia, affordable and easy to operate. Based on the CEA 
measurement, there was more benefit which can be gotten than the 
amount of money that the migraine sufferer must spend. 

There were several new things that had done by researchers which 
can be chronologically seen as follows. In 1994, Balon and Nadler 
examine the electrical stimulation of the muscle that causes the 
local endogenous NO level to increase [57]. In 1997, Moore SR 
and colleagues did a research by using NMES to remove an acute 
pain in the waist [58]. In 1998, Kharitonov and colleagues did a 
research to examine the endogenous exhaled NO level of women’s 
menstruation cycle [58]. In 2002, Delclaux and colleagues did a 
research on the cirrhosis sufferer; there was a massive increase in 
the production of endogenous exhaled NO before and after ascites 
[19]. In 2003, Nathalie Lara and colleagues did a research on the 
endogenous exhaled NO level and the systematic during a panic 
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Conclusion
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practical but still appropriate with the ATS recommendation [19].

A 10 year CEA measurement had done on a patient who fulfills the 
inclusion criteria, with the result as follows. If the patient uses the 
additional therapy, in the form of NMES equipment for 10 years, 
then it means an additional charge for purchasing the equipment 

and also medicine to abort a migraine ictal. The price of NMES 
equipment Rp. 2,500,500, 4 A3 batteries for one equipment @ 
Rp.4, 000. (The batteries can stay for 30 electrical stimulations, 30 
minutes duration for each stimulation). If a sufferer experiences 9 
attacks a month, then 9x12x10: 4x4,000 = Rp. 1,080,000. The total 
cost in 10 years = Rp. 3.580.000, so the additional charge that the 
patients must pay is Rp. 3,580,000: 10: 12 = Rp. 29,8333,33. This 
additional charge is equivalent to the benefit that the patients could 
get when experiencing an acute migraine ictal.

http://www.ihs-classification.org/_downloads/mixed/International-Headache-Classification-III-ICHD-III-2013-Beta.pdf
http://www.ihs-classification.org/_downloads/mixed/International-Headache-Classification-III-ICHD-III-2013-Beta.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15320857
http://www.ncbi.nlm.nih.gov/pubmed/15320857
http://www.ncbi.nlm.nih.gov/pubmed/15320857
https://www.researchgate.net/publication/6726263_Potential_role_of_female_sex_hormones_in_the_pathophysiology_of_migraine
https://www.researchgate.net/publication/6726263_Potential_role_of_female_sex_hormones_in_the_pathophysiology_of_migraine
https://www.researchgate.net/publication/6726263_Potential_role_of_female_sex_hormones_in_the_pathophysiology_of_migraine
http://www.ncbi.nlm.nih.gov/pubmed/11807151
http://www.ncbi.nlm.nih.gov/pubmed/11807151
http://www.ncbi.nlm.nih.gov/pubmed/17567263
http://www.ncbi.nlm.nih.gov/pubmed/17567263
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2241751/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2241751/
http://www.ncbi.nlm.nih.gov/pubmed/15167029
http://www.ncbi.nlm.nih.gov/pubmed/15167029
http://www.ncbi.nlm.nih.gov/pubmed/20353780
http://www.ncbi.nlm.nih.gov/pubmed/20353780
http://www.ncbi.nlm.nih.gov/pubmed/19559360
http://www.ncbi.nlm.nih.gov/pubmed/19559360
http://www.ncbi.nlm.nih.gov/pubmed/19559360
https://etd.ohiolink.edu/rws_etd/document/get/ohiou1108061243/inline
https://etd.ohiolink.edu/rws_etd/document/get/ohiou1108061243/inline
http://www.cochranelibrary.com/
http://www.cochranelibrary.com/
https://www.researchgate.net/publication/296110178_Prevalence_of_tension-type_headache_and_migraine_among_employees_of_a_Swiss_University_hospital_impact_on_disability_headache_management_and_economic_impact_for_the_employer
https://www.researchgate.net/publication/296110178_Prevalence_of_tension-type_headache_and_migraine_among_employees_of_a_Swiss_University_hospital_impact_on_disability_headache_management_and_economic_impact_for_the_employer
https://www.researchgate.net/publication/296110178_Prevalence_of_tension-type_headache_and_migraine_among_employees_of_a_Swiss_University_hospital_impact_on_disability_headache_management_and_economic_impact_for_the_employer
https://www.researchgate.net/publication/296110178_Prevalence_of_tension-type_headache_and_migraine_among_employees_of_a_Swiss_University_hospital_impact_on_disability_headache_management_and_economic_impact_for_the_employer
file:///C:\Users\home\Downloads\040611_Arulmani-U%20(4).pdf
file:///C:\Users\home\Downloads\040611_Arulmani-U%20(4).pdf
http://www.ncbi.nlm.nih.gov/pubmed/11821897
http://www.ncbi.nlm.nih.gov/pubmed/11821897
http://www.ncbi.nlm.nih.gov/pubmed/11821897


Citation: Arman Yurisaldi Saleh, Hasan Machfoed and Kuntoro (2016) Migraine Abort Therapy Using Neuromuscular Electrical 
Stimulation, A Study on the Role of NO and Cerebellum in the Migraine Pathophysiology. BAOJ Neuro 2: 018.

Page 8 of 9

BAOJ Neuro, an openaccess journal                                                                                                                                                                 Volume 2; Issue 2; 018

17. Schueren BJ, Lunnon MW, Laurijssens BE Does the unfavorable 
pharmacokinetic and pharmacodynamic profile of the iNOS inhibitor 
GW273629 lead to inefficacy in an acute migraine. J Clin Pharmacol 
49(3): 281-290. 

18. Moshage H (1997) Nitric oxde determination: much ado about NO 
thing?. Clin Chem. 43(4): 533-556.

19. American Thoracic Society (2005) ATS/ERS recommendations for 
standardized procedures for the online and offline measurement of 
exhaled lower respiratory NO and nasal NO, 2005. Am J Respir Crit 
Care Med 171(8): 912-930. 

20. Juhasz G (2003) The role of the serotonin and CGRP in a migraine: 
Genetic and neurochemical studies: Semmelweis University. 

21. Gupta Saurabh (2006) Vascular Pharmacology of Migraine and 
Preeclampsia: Problems of the Fair Sex. Rotterdam: University 
Medical Center. 

22. Andreou Anna (2008) Involvement of kainate glutamate receptors in 
the modulation of neuronal transmission in brain areas involved in 
migraine pathophysiology. Queen Square London: University College 
London. 

23. Russo EB (2004) Clinical endocannabinoid deficiency (CECD): can 
this concept explain therapeutic benefits of cannabis in a migraine, 
fibromyalgia, irritable bowel syndrome and other treatment-resistant 
conditions? Neuroendocrinol Lett 25(1): 31-39. 

24. Mackie K, Stella N (2006) Cannabinoid receptors and endocannabinoids: 
evidence for new players. The AAPS Journal 8(2): E298-306.

25. El Manira A, Kyriakatos A (2010) The role of endocannabinoid signaling 
in motor control. Physiology 25(4): 230-8. 

26. Durham PL, Russo AF (2003) Stimulation of the calcitonin gene-
related peptide enhancer by mitogen-activated protein kinases and 
repression by an antimigraine drug in trigeminal ganglia neurons. 
Neuroscience 23(3): 807-815. 

27. Dubravka D, Ecaterina B, Maria M (2007) About the endocannabinoids 
– Short outline. J Clin Med 2(3): 23. 

28. Burstein R, Yamamura H, Malick A (1998) Chemical stimulation of the 
intracranial dura induces enhanced responses to facial stimulation in 
brain stem trigeminal neurons. J Neurophysiol 79(2): 964-982. 

29. Ismet M, Ergun S, Mehmet D, Taşkin D, Ferit A, et al. (2006) Autonomic 
dysfunction and cardiac repolarization abnormalities in patients with 
migraine ictals. Med Sci Monit 13(3): RA47-RA49. 

30. Vincent M (2007) The cerebellum and migraine. Headache 47(6):820-
833. 

31. Franjo G (2004) Pharmacology of cannabinoids. Neuroendocrinol Lett 
25(1-2): 14-23. 

32. Burnstock Geoffrey (2007) Physiology and Pathophysiology of 
Purinergic Neurotransmission. Physiol Rev 87(2): 659-797.

33. Dowson AJ (2003) A migraine and other headaches, your question 
answered. London: Churchill Livingstone. 

34.  Freek Z, Van den Berg-de LI, Frank JPMH, Jan K (2003) Anti-
inflammatory actions of acupuncture. Mediators of Inflammation 
12(2): 59-69. 

35. Matharu M, Weiner R, Goadsby PJ (2004) Central neuromodulation in 
chronic migraine patients with suboccipital stimulators: a PET study. 
Brain 127(1): 22-30. 

36. Salamon E, Esch T, Stefano G (2006) Pain, and Relaxation. Intl J Mol 
Med 18: 465-470. 

37. Hashimoto I, Kimura K, Tanosaki M (2003) Muscle afferent inputs from 
the hand activate human cerebellum sequentially through parallel 
and climbing fiber systems. Clin Neurophysiol 114(11): 2107-2117. 

38. Yang G, Chen G, Ebner T, Iadecola C (1999) NO is the predominant 
mediator of cerebellar hyperemia during somatosensory activation in 
rats. Am J Physiol Regulatory, Integrative Comp Physiol 277(6): 1760-
1770. 

39. Linden D, Dawson T, Dawson V (1995) An evaluation of the NO GMP-
Dependent protein kinase cascade in the induction of cerebellar long-
term depression In culture. J Neurosci 15(7): 5098-5105. 

40. Vincent M HN (2007) The Cerebellum and migraine. American 
Headache Society 47(6): 820-833. 

41. Boutron I, Guittet L, Estellat C, Moher D, Hro´ bjartsson A, et al. 
(2007) Reporting methods of blinding in randomized trials assessing 
nonpharmacological treatments. Plos Medicine 4(2): e61. 

42. (2010) Consort: transparent reporting of trials. 

43. Wang D, Bakhai A (2006) Clinical trials. Chicago: Remedica. 

44. Schulz KF, Grimes DA (2006) The lancet handbook of essential concept 
in clinical research. Edinburg: Elsevier. 

45. Motulsky H (2010) Intuitive biostatistics. Oxford University Press. 

46. Pett AM (1997) Nonparametric statistics for health care research, the 
statistic for small samples and unusual distributions. London: SAGE 
publication. 

47. Riley M, Porszasz J, Miranda J (1997) Exhaled NO during exercise 
in primary pulmonary hypertension and pulmonary fibrosis. CHEST 
111(1): 44-50. 

48. Gaines J, Metter E, Talbot L (2009) The effect of neuromuscular 
electrical stimulation on arthritis knee pain in older adults with 
osteoarthritis of the knee. App Nurs Res 17(3): 201-206. 

49. Yu DT, Chae J, Walker ME, Fang ZP (2001) Percutaneous intramuscular 
neuromuscular electric stimulation for the treatment of shoulder 
subluxation and pain in patients with chronic hemiplegia: a pilot 
study. Arch Phys Med Rehabil 82(1): 20-25. 

50. Casadei B (2006) The emerging role of neuronal NO synthase in the 
regulation of myocardial function. Exp Physiol 91(6): 943-955. 

51. Al-Falahe N, Vallbo B (1988) Role of the human fusimotor system in a 
motor adaptation task. J Physiol 401: 77-95. 

52. Apps Richard, M G (2005) Anatomical and physiological foundations 
of cerebellar information processing. Nat Rev Neurosci 6: 297-311. 

53. M I (2001) Cerebellar long-term depression: characterization, signal 
transduction, and functional roles. PhysiolL Rev 81(3): 1143-1195. 

54. Garthwaite J (2008) Concepts of neural NO-mediated transmission. 
Eur J Neurosci 27(11): 2783-2802. 

55. Gersh M R (1992) Electrotherapy in rehabilitation. London: Mc Graw 
Hill. 

http://www.ncbi.nlm.nih.gov/pubmed/19246728
http://www.ncbi.nlm.nih.gov/pubmed/19246728
http://www.ncbi.nlm.nih.gov/pubmed/19246728
http://www.ncbi.nlm.nih.gov/pubmed/19246728
http://www.clinchem.org/content/43/4/553.full
http://www.clinchem.org/content/43/4/553.full
http://www.ncbi.nlm.nih.gov/pubmed/15817806
http://www.ncbi.nlm.nih.gov/pubmed/15817806
http://www.ncbi.nlm.nih.gov/pubmed/15817806
http://www.ncbi.nlm.nih.gov/pubmed/15817806
file:///C:\Users\home\Downloads\060927_Gupta,%20Saurabh%20(2).pdf
file:///C:\Users\home\Downloads\060927_Gupta,%20Saurabh%20(2).pdf
file:///C:\Users\home\Downloads\060927_Gupta,%20Saurabh%20(2).pdf
http://discovery.ucl.ac.uk/15783/
http://discovery.ucl.ac.uk/15783/
http://discovery.ucl.ac.uk/15783/
http://discovery.ucl.ac.uk/15783/
http://www.ncbi.nlm.nih.gov/pubmed/18404144
http://www.ncbi.nlm.nih.gov/pubmed/18404144
http://www.ncbi.nlm.nih.gov/pubmed/18404144
http://www.ncbi.nlm.nih.gov/pubmed/18404144
http://www.ncbi.nlm.nih.gov/pubmed/16796380
http://www.ncbi.nlm.nih.gov/pubmed/16796380
http://www.ncbi.nlm.nih.gov/pubmed/20699469
http://www.ncbi.nlm.nih.gov/pubmed/20699469
http://www.ncbi.nlm.nih.gov/pubmed/12574409
http://www.ncbi.nlm.nih.gov/pubmed/12574409
http://www.ncbi.nlm.nih.gov/pubmed/12574409
http://www.ncbi.nlm.nih.gov/pubmed/12574409
https://www.researchgate.net/publication/228625603_About_the_endocannabinoids-Short_outline
https://www.researchgate.net/publication/228625603_About_the_endocannabinoids-Short_outline
http://www.ncbi.nlm.nih.gov/pubmed/9463456
http://www.ncbi.nlm.nih.gov/pubmed/9463456
http://www.ncbi.nlm.nih.gov/pubmed/9463456
http://www.ncbi.nlm.nih.gov/pubmed/17325646
http://www.ncbi.nlm.nih.gov/pubmed/17325646
http://www.ncbi.nlm.nih.gov/pubmed/17325646
http://www.medscape.com/viewarticle/559621
http://www.medscape.com/viewarticle/559621
http://www.ncbi.nlm.nih.gov/pubmed/15159677
http://www.ncbi.nlm.nih.gov/pubmed/15159677
http://www.ncbi.nlm.nih.gov/pubmed/17429044
http://www.ncbi.nlm.nih.gov/pubmed/17429044
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1781596/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1781596/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1781596/
http://www.ncbi.nlm.nih.gov/pubmed/14607792
http://www.ncbi.nlm.nih.gov/pubmed/14607792
http://www.ncbi.nlm.nih.gov/pubmed/14607792
http://www.ncbi.nlm.nih.gov/pubmed/14580608
http://www.ncbi.nlm.nih.gov/pubmed/14580608
http://www.ncbi.nlm.nih.gov/pubmed/14580608
http://www.ncbi.nlm.nih.gov/pubmed/10600924
http://www.ncbi.nlm.nih.gov/pubmed/10600924
http://www.ncbi.nlm.nih.gov/pubmed/10600924
http://www.ncbi.nlm.nih.gov/pubmed/10600924
http://www.ncbi.nlm.nih.gov/pubmed/7623138
http://www.ncbi.nlm.nih.gov/pubmed/7623138
http://www.ncbi.nlm.nih.gov/pubmed/7623138
http://www.medscape.com/viewarticle/559621
http://www.medscape.com/viewarticle/559621
http://www.ncbi.nlm.nih.gov/pubmed/17311468
http://www.ncbi.nlm.nih.gov/pubmed/17311468
http://www.ncbi.nlm.nih.gov/pubmed/17311468
http://www.consort-statement.org/checklists/view/32-consort/510-baseline-data
https://books.google.co.in/books/about/The_Lancet_Handbook_of_Essential_Concept.html?id=7FhrAAAAMAAJ&redir_esc=y
https://books.google.co.in/books/about/The_Lancet_Handbook_of_Essential_Concept.html?id=7FhrAAAAMAAJ&redir_esc=y
https://global.oup.com/ushe/product/intuitive-biostatistics-9780199946648?cc=in&lang=en&
http://www.amazon.in/Nonparametric-Statistics-Health-Care-Research/dp/0803970390
http://www.amazon.in/Nonparametric-Statistics-Health-Care-Research/dp/0803970390
http://www.amazon.in/Nonparametric-Statistics-Health-Care-Research/dp/0803970390
http://www.ncbi.nlm.nih.gov/pubmed/8995991
http://www.ncbi.nlm.nih.gov/pubmed/8995991
http://www.ncbi.nlm.nih.gov/pubmed/8995991
http://www.ncbi.nlm.nih.gov/pubmed/15343554
http://www.ncbi.nlm.nih.gov/pubmed/15343554
http://www.ncbi.nlm.nih.gov/pubmed/15343554
http://www.ncbi.nlm.nih.gov/pubmed/11239281
http://www.ncbi.nlm.nih.gov/pubmed/11239281
http://www.ncbi.nlm.nih.gov/pubmed/11239281
http://www.ncbi.nlm.nih.gov/pubmed/11239281
http://www.ncbi.nlm.nih.gov/pubmed/16990366
http://www.ncbi.nlm.nih.gov/pubmed/16990366
http://www.ncbi.nlm.nih.gov/pubmed/3171998
http://www.ncbi.nlm.nih.gov/pubmed/3171998
http://www.nature.com/nrn/journal/v6/n4/full/nrn1646.html
http://www.nature.com/nrn/journal/v6/n4/full/nrn1646.html
http://www.ncbi.nlm.nih.gov/pubmed/11427694
http://www.ncbi.nlm.nih.gov/pubmed/11427694
http://www.ncbi.nlm.nih.gov/pubmed/18588525
http://www.ncbi.nlm.nih.gov/pubmed/18588525


Citation: Arman Yurisaldi Saleh, Hasan Machfoed and Kuntoro (2016) Migraine Abort Therapy Using Neuromuscular Electrical 
Stimulation, A Study on the Role of NO and Cerebellum in the Migraine Pathophysiology. BAOJ Neuro 2: 018.

Page 9 of 9

BAOJ Neuro, an openaccess journal                                                                                                                                                                 Volume 2; Issue 2; 018

56. Walsh D M (1998) TENS clinical application and related theory. 
Australas Chiropr Osteopathy 7(3): 124.

57. Roberts C, Barnard J, Jasman A, Balon T (1999) Acute exercise increases 
NO synthase activity in skeletal muscle. Am J Physiol Endocrinol 
Metab 277(1): 390-394. 

58. Moore SR, Shurman J (1997) Combined neuromuscular electrical 
stimulation and transcutaneous electrical nerve stimulation for 
treatment of chronic back pain: a double-blind, repeated measures 
comparison. Arch Phys Med Rehabil 78(1): 55-60.

59. Kharitonov S, Sapienza M, Barnes P, Chung K (1998) Prostaglandins 
E2 and F2 α reduce exhaled NO in normal and asthmatic subjects 
irrespective of airway caliber changes. Am J Respir Crit Care Med 
158(5): 1374-1378. 

60. Lara N, Chrapko W, Archer S (2003) Pulmonary and Systemic 
NO measurements during CCK-5-Induced panic attacks. 
Neuropsychopharmacol 28: 1840-1845. 

61. Vints A, Oostveen E, Eeckhaut G, Smolders M, Backer W, et al. (2005) 
Time-dependent effect of nitrate-rich meals on exhaled NO in healthy 
subjects. Chest 128(4) : 2465-2470.

62. Astin J, Shapiro S, Eisenberg D, Forys K (2003) Mind-body medicine: 
state of the science, implications for practice. J Am Board Fam Pract 
16(2): 131-147. 

63. Dusek J, Chang B, Zaki J (2006) Association between oxygen 
consumption and NO production during the relaxation response. 
Med Sci Monit 12(1): 1-10. 

64. Myers C (2006) Complementary and alternative approaches to 
palliative care in cancer: what does the research show?. Tampa, 
Florida.

65. Grob N, Laskowski D, Dweik R (2008) A technical report on exhaled 
NO measurement: asthma monitoring in athletes. J Breath Res 2(3): 
37027.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2050810/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2050810/
http://www.ncbi.nlm.nih.gov/pubmed/10444436
http://www.ncbi.nlm.nih.gov/pubmed/10444436
http://www.ncbi.nlm.nih.gov/pubmed/10444436
http://www.ncbi.nlm.nih.gov/pubmed/9014958
http://www.ncbi.nlm.nih.gov/pubmed/9014958
http://www.ncbi.nlm.nih.gov/pubmed/9014958
http://www.ncbi.nlm.nih.gov/pubmed/9014958
http://www.ncbi.nlm.nih.gov/pubmed/12865901
http://www.ncbi.nlm.nih.gov/pubmed/12865901
http://www.ncbi.nlm.nih.gov/pubmed/12865901
http://www.ncbi.nlm.nih.gov/pubmed/16236910
http://www.ncbi.nlm.nih.gov/pubmed/16236910
http://www.ncbi.nlm.nih.gov/pubmed/16236910
http://www.ncbi.nlm.nih.gov/pubmed/12665179
http://www.ncbi.nlm.nih.gov/pubmed/12665179
http://www.ncbi.nlm.nih.gov/pubmed/12665179
http://www.ncbi.nlm.nih.gov/pubmed/16369463
http://www.ncbi.nlm.nih.gov/pubmed/16369463
http://www.ncbi.nlm.nih.gov/pubmed/16369463
http://www.cme.hsc.usf.edu/eol/files/Friday/Myers.pdf
http://www.cme.hsc.usf.edu/eol/files/Friday/Myers.pdf
http://www.cme.hsc.usf.edu/eol/files/Friday/Myers.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20622980
http://www.ncbi.nlm.nih.gov/pubmed/20622980
http://www.ncbi.nlm.nih.gov/pubmed/20622980

