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ABSTRACT

Objectives: This study aims to evaluate the efficacy of therapeutic pulsed ultrasound (US) applied to the occipital nerve distribution area
in chronic migraine patients.

Patients and methods: This prospective, randomized, double-blind, placebo-controlled, study was conducted on 58 patients diagnosed
with migraine at the University of Health Sciences Bursa Yiiksek Ihtisas Training and Research Hospital, Department of Physical Medicine
and Rehabilitation between January 2018 and October 2018. The patients were randomly divided into two groups as sham and pulsed US
group. Pulsed US was applied in Group 1 (n=29), and sham US was used in Group 2 (n=29) for 5 min for a total of 10 sessions in each group.
The evaluation was made at pre-treatment, post-treatment first month (week six) and third month (week 14) using the numeric rating scale,
and the Migraine Disability Assessment Scale (MIDAS). The final analysis was conducted with 52 patients (7 males, 45 females; mean age:
38.3£7.9 years; range, 20 to 65 years) due to drop-outs, with 27 patients in Group 1 and 25 patients in Group 2.

Results: A statistically significant improvement was found in all parameters at week six and week 14 compared to pre-treatment values in
Group 1. A statistically significant worsening was detected in MIDAS 1, 4, 5, total questions, and a significant improvement was found in
MIDAS A and B at week six compared to pre-treatment values in Group 2. A statistically significant worsening was found only in MIDAS
total score at week 14 compared to pre-treatment values. In the comparison of the difference scores of the two groups, all parameters in
Group 1 showed significant improvement at week six and week 14.

Conclusion: The findings obtained in this study show that pulsed US applied to the occipital nerve distribution region in migraine patients
can be effective on headache frequency, severity, and disability.
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In the adult population, migraine affects
approximately 11.5% of individuals and can result in
significant disability."?! A wide variety of methods are

Occipital nerve stimulation is applied for
the treatment of persistent neck and head pain
syndromes."* " Successful outcomes have been achieved

used to treat chronic migraine and headache; these
include pharmacological therapies, physical therapy
modalities involving the use of ultrasound (US) and
exercise, greater occipital nerve block, Botulinum toxin
injections, and occipital nerve stimulation (ONS).5-%

with ONS through the subcutaneous insertion of
leads into the greater occipital nerve at the cervical
(C1) segment to treat cervical and occipital pain that
developed after occipitocervical fusion.®! It has been
stated that ONS increases the mechanical threshold
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in animal models and provides pain relief in chronic
migraine.!'>3

Therapeutic US is commonly used for the
treatment of musculoskeletal diseases. Therapeutic US
waves produce vibration in all tissue compartments,
including intracellular and extracellular fluids and
cell membranes, while being transmitted across the
tissues.!"! The changes that occur as a result of these
vibrations are classified as thermal and nonthermal
effects in nature.' Ultrasound waves in continuous
mode produce thermal effects. It is assumed that
thermal energy affects the functions of ion channels
and results in rapid repolarization before action
potentials can be triggered.'®!®! The nonthermal
effects occur in pulsed US mode and include anti-
inflammatory effects and changes in membrane
potential.te-18

In literature, there are a wide range of studies
investigating the use of physical therapy modalities
for the treat of migraine, although these studies have
often focused on the trigger points in the cervical
region and trapezius muscle.*>”! Occipital nerve
stimulation techniques performed until recently had
only been invasive.®! In this study, our hypothesis
was to relieve the migraine symptoms by stimulating
the large occipital nerve with pulse US, a noninvasive
method. Thus, the present study evaluates the efficacy
of noninvasive therapeutic pulse US in patients with
chronic migraine applied to the upper cervical region,
innervated by the occipital nerve and the craniocervical
junction from where the nerve is distributed.

PATIENTS AND METHODS

This prospective, randomized, double-blind,
placebo-controlled study was conducted at the
University of Health Sciences Bursa Yiiksek Ihtisas
Training and Research Hospital, Department of
Physical Medicine and Rehabilitation between January
2018 and October 2018. Eighty patients with chronic
migraine who have been diagnosed according to the
2014 International Headache Society (IHS) criteria
were evaluated by a neurologist for eligibility.?” Fifty-
eight eligible patients with chronic migraine diagnosed
according to the IHS criteria, who were followed
up in neurology outpatient clinics and received the
routine medical therapy, including ergotamine,
triptan, propranolol, flunarizine, topiramate, or their
combination, for at least six months but did not
respond adequately to treatment, were included in the
study. Patients with cervical radiculopathy or neck
pain, fibromyalgia, bleeding disorders, malignancies,
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uncontrolled hypertension, peripheral and central
nervous system disorders, patients who declined to
take part in the study, those who underwent surgery
to the cervical vertebrae or posterior cranial region,
and patients who were involved in any exercise
program were excluded. The data of the demographic
characteristics and pre-treatment assessment
parameters of the patients were recorded. The patients
included in the study were randomly divided into two
groups by a random number table. In Group 1 (n=29),
the patients underwent routine migraine therapy,
includingergotamine, triptan, propranolol, flunarizine,
topiramate, or their combination, and therapeutic
pulsed US; in Group 2 (n=29), the patients underwent
routine migraine therapy, including ergotamine,
triptan, propranolol, flunarizine, topiramate, or their
combination, and sham US therapy (Figure 1).

During the therapeutic pulsed US therapy, the
patients were placed in a prone position in a silent
room. The patients in Group 1 bilaterally received
pulsed US therapy to the craniocervical junction and
the upper cervical paravertebral region for 5 min using
a BTL 4625 US device (BTL Medical Technologies
s.r.o, Praha 6-Vokovice, Czech Republic) in pulsed
mode (1:1) at a frequency of 3 MHz and an intensity of
1.5 W/cm?. The headpiece area of the device was 5 cm?.
The headpiece was positioned at 90° (perpendicular),
and the application was at full contact using gel with
continuous circular motions. The treatment comprised
a total of 10 sessions for two weeks, five days a week.

During the sham US sessions, the ultrasound
probe was bilaterally applied to the craniocervical
junction and upper cervical paravertebral region for
5 min while the US device was switched off. The
treatment comprised a total of 10 sessions for two
weeks, five days a week. All US applications were
performed by a physical therapy and rehabilitation
specialist. The participants and the researcher who
completed post-treatment first month (week 6) and
post-treatment third month (week 14) evaluations were
blind to the type of the treatment.

The numeric rating scale (NRS) was used to measure
the pain severity experienced by the patient during
the migraine attack. The NRS consists of a line with
numbers from 0 (no pain) to 10 (most severe pain). The
patient is asked to mark the number corresponding to
the pain severity on this line.!

The Migraine Disability Assessment Scale
(MIDAS) was used to assess the extent of disability
in the workplace, home and social life in the last
three months. There are a total of five questions in
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Allocation

Group 1: Routine migraine therapy + therapeutic
pulsed US (n=29)

y ‘ Follow-up ‘ v

Group 2: Routine migraine therapy + sham US (n=29)

Lost to follow-up in post-treatment first month
(Week 6) (n=1)
Group 1 (n=28)

Follow-up

Lost to follow-up in post-treatment first month
(Week 6) (n=2)
Group 2 (n=27)

Lost to follow-up post-treatment third month
(Week 14) (n=1)
Group 1 (n=27)

Analyzed (n=27)

Figure 1. Flow chart of the study.
US: Ultrasound.

the MIDAS questionnaire. The first, third, and fifth
questions were within the previous three months,
at work or school due to headache; home stuff.
These determine the lost days in leisure time. The
second and fourth questions evaluate the number
of additional days in the previous three months
with productivity decline (defined as at least 50%
reduction in productivity) at work and household
chores. Each day is rated as 1 point, and the total score
corresponds to the total number of days, which is
noted as the disability score of the patients. Additional
two questions (MIDAS A and B questions) assess the
headache frequency and headache intensity but are
not added to the score of total MIDAS value. The
total score is evaluated in four grades. A score of
0-5 corresponds to Grade 1, indicating little or no
disability; a score of 6-10 corresponds to Grade 2,
indicating mild disability; a score of 11-20 corresponds
to Grade 3, indicating moderate disability; and a score
of 21 indicates severe disability.?? The validity and
reliability study of the MIDAS has been conducted.?’

v Analysis v

Lost to follow-up post-treatment third month
(Week 14) (n=2)
Group 2 (n=25)

Analyzed (n=25)

No additional analgesics were given to the patients
during the study period. Two patients in Group 1
dropped out of the study due to personal reasons
(one of them moved to another city, and the other
patient could not come to the follow-up due to family
issues). Four patients in Group 2 (routine migraine
therapy + sham pulsed US) were excluded from the
study as they could not attend the follow-up. Thus, the
final analysis was conducted with 52 patients (7 males,
45 females; mean age: 38.3+7.9 years; range, 20 to 65
years) (Group 1, n= 27; Group 2, n= 25; Figure 1).

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). In the comparison of the categorical
variables, Pearson’s chi-square test or the Yates test
were used. The Shapiro-Wilk test was used to test for
normality. The independent samples t-test was used for
between-groups comparisons in normally distributed
data. For intragroup comparisons, the paired sample
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test was used. The Wilcoxon test was used in intragroup A decrease of 25% in the NRS score at the
comparisons, and the Mann-Whitney U test was one-month control visit compared to baseline was
used in between-group comparisons for non-normally designated as the primary endpoint of the study.’
distributed data. The Bonferroni correction was made Considering a power of 85% (a=0.05), the calculated
for multiple time comparisons. A p value of <0.05 was sample size was a total of 58 patients, with each group
accepted as statistically significant. comprising 29 patients.

TABLE 1
Comparison of Group 1 and Group 2 at the demographic characteristics of the patients
Group 1 (n=27) Group 2 (n=25)
n % Mean+SD n % Mean+SD p
Age (year) 37.5£7.9 39.0+7.9 0.492
Body mass index (kg/m?) 27.1+4.2 26.5+4.3 0.617
Sex 0.772
Female 23 85.2 22 88.0

Number of drugs used for migraine 1.3£0.5 1.40.7 0.532
SD: Standard deviation; Independent samples t-test was used for the inter-group comparisons.

TABLE 2
Comparison of the baseline, week 6 and week 14 values between the groups

Week 0 Week 6 Week 14
Median Min-Max Median Min-Max Median Min-Max  p(W6-W0) p(W14-W0)

NRS

Group 1 10 5-10 5 2-10 4 0-8 <0.001 <0.001

Group 2 9 5-10 9 5-10 9 5-10 0.241 0.523
MIDAS 1** question

Group 1 0 0-9 0 0-2 0 0-2 0.027 0.027

Group 2 0 0-15 0 0-20 0 0-10 0.027 0.206
MIDAS 2" question

Group 1 0 0-18 0 0-10 0 0-7 0.003 0.002

Group 2 0 0-24 0 0-25 0 0-30 0.085 0.167
MIDAS 3% question

Group 1 10 0-45 3 0-25 1 0-16 <0.001 <0.001

Group 2 10 0-45 12 0-35 14 0-40 0.433 0.255
MIDAS 4% question

Group 1 10 0-50 6 0-35 0 0-25 <0.001 <0.001

Group 2 10 0-45 15 0-45 10 0-45 0.050 0.962
MIDAS 5™ question

Group 1 9 0-50 5 0-41 1 0-20 <0.001 <0.001

Group 2 10 0-50 10 0-50 12 0-45 0.027 0.114
MIDAS total

Group 1 40 6-129 21 0-81 6 0-56 <0.001 <0.001

Group 2 39 4-130 46 2-142 45 4-130 0.008 0.038
MIDAS A

Group 1 20 6-65 15 1-51 3 0-30 <0.001 <0.001

Group 2 24 5-65 20 0-60 20 0-60 0.005 0.210
MIDAS B

Group 1 8 5-10 5 2-10 4 0-9 <0.001 <0.001

Group 2 9 5-10 8 5-10 8 5-10 0.032 0.300

NRS: Numeric rating scale; MIDAS: Migraine Disability Assessment Scale; Wilcoxon test was used for intragroup comparisons. Bonferroni correction was made.
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Figure 2. Comparison of the MIDAS total scores between the groups.
MIDAS: Migraine Disability Assessment Scale.
RESULTS DISCUSSION

The demographic characteristics of the patients
are presented in Table 1. The pre-treatment evaluation
parameters in both groups are presented in Table 2.
No statistically significant difference was detected
between the groups for demographic characteristics
and pre-treatment evaluation parameters (p>0.05).

A statistically significant improvement was
detected in all parameters at the post-treatment first
month (week 6) and third month (week 14) values
compared to pre-treatment values in Group 1 (p<0.05;
Table 2).

A statistically significant deterioration was found
in MIDAS 1, 4, 5, and total questions, and a significant
improvement was found in MIDAS A and B at the
post-treatment first month compared to pre-treatment
values in Group 2. However, there was no statistically
significant difference in other parameters (p>0.05;
Table 2). A statistically significant worsening was
detected only in the MIDAS total score at the post-
treatment third month compared to pre-treatment
values (p<0.05). There was no statistically significant
difference in other parameters (p>0.05; Table 2).

Statistically significant differences at 6 and 14 weeks
were detected in the between-group comparison of
MIDAS total scores (p<0.05; Figure 2). The comparison
of the difference in scores between the groups showed
significantly superior improvement in Group 1 for all
parameters at the post-treatment first month and post-
treatment third month (p<0.05; Table 3). No adverse
effects were detected.

The results of the present study have shown the
efficacy of therapeutic pulsed US therapy in addition
to routine medical therapy in reducing the headache
frequency, intensity, and disability at one and three
months in patients with migraine.

Although preventive therapies show efficacy in
some migraine patients, the majority of patients still
suffer severe, intolerable headaches, among other
symptoms related to migraine.?¥ Current migraine
medications sometimes fail or may not be sufficient
to treat migraine, which has led to the development of
new therapeutic approaches. There are various studies
investigating the effectiveness of peripheral nerve
blocks and radiofrequency therapies in the treatment
of headaches and migraine. The most common
target in this regard is the greater occipital nerve,
although occipital, supratrochlear and supraorbital,
auriculotemporal nerves, the cervical spinal roots, the
sphenopalatine ganglion, and the facet joints of the
upper cervical spine have also been investigated to a
lesser extent.!-2>2¢]

The greater occipital nerve originates from the
fibers of the dorsal primary ramus of the second
cervical nerve (medial division), and the third cervical
nerve is also involved to a lesser extent. The greater
occipital nerve is a sensory nerve that innervates the
region from the medial part of the posterior scalp
to the vertex. In addition, the dorsal root ganglion
innervates the C1-C2 joint and zygapophyseal C2-C3
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TABLE 3
Comparison of the difference in scores between the groups

Week 6-Week 0 Week 14-Week 0
Median  Min-Max  Median =~ Min-Max

NRS

Group 1 -3 -6t0 0 -4 -8to -2

Group 2 0 -2to2 0 -2to3

p <0.001 <0.001
MIDAS 1* question

Group 1 0 -7to 0 0 -8t0 0

Group 2 0 0to5 0 -5to6

p 0.003 0.024
MIDAS 2 question

Group 1 0 -8to 0 0 -12t0 0

Group 2 0 -1to 15 0 -5to 15

p 0.002 0.001
MIDAS 3" question

Group 1 =5 -30to 0 =5, -44t0 0

Group 2 0 -15to 8 0 -15to 13

p <0.001 <0.001
MIDAS 4™ question

Group 1 -6 -22to 0 -10 -34to 4

Group 2 0 -5to 5 0 -15to 15

P <0.001 <0.001
MIDAS 5% question

Group 1 -4 21to4 7 -35t0 5

Group 2 0 -3to 12 0 -10 to 15

p <0.001 <0.001
MIDAS total

Group 1 -25 -65to -6 -27 -103 to -6

Group 2 3 -12to 18 5 -20 to 20

p <0.001 <0.001
MIDAS A

Group 1 -6 -20 to -2 -18 -44 to -3

Group 2 -5 -36 to 10 -4 -32to 15

p 0.017 <0.001
MIDAS B

Group 1 -3 -5tol -4 -7tol

Group 2 0 -4tol 0 -3to 3

p <0.001 <0.001
NRS: Numeric rating scale; MIDAS: Migraine Disability Assessment Scale; Mann-Whitney U test was used
for intergroup comparisons. Bonferroni correction was made.

joints. It has been suggested that the reason for the
effect of ONS on pain in different regions is the
convergence of the C2 dorsal horn with the trigeminal
nerve in the “trigeminal-cervical nucleus” extending
from the trigeminal nucleus caudals to the C3 level.?”]
Considering the localization of the greater occipital
nerve, the present study preferred the use of pulsed US
therapy for the stimulation of the upper cervical region
and the craniocervical junction.

There have been many studies in the literature
focusing on the greater occipital nerve block, the use
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of local anesthetics, and studies reporting successes
with ONS, which is a new therapeutic approach in
the treatment of migraine.*®21 These studies have
reported that ONS could be of benefit to patients
with long-term, persistent chronic migraine.[®?¥
Case-control and open-label studies using Botulinum
toxin injections and ONS have achieved a significant
decrease in the frequency and severity of migraine
episodes in approximately 40% of patients.l?*3"

Although the mechanisms have not been
clearly described, ONS is believed to be beneficial
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through its effects on the peripheral and central
mechanisms. It has been reported that peripheral
stimulation of sensory afferents can decrease pain
by inhibiting nociceptive activity in C and A-delta
fibers. With regard to the central mechanism of
ONS, hypermetabolic activity has been previously
detected in ONS on positron emission tomography
scans in several brain regions that are responsible for
processing pain, and the activity in these regions has
been shown to normalize after ONS.P!

Although ONS is a safe procedure, almost all
studies have reported side effects in as many as 70%
of patients in the long term, such as paresthesia (most
common), lead migration, hospitalization (8.6%),
repeat surgical intervention (40.7%), battery depletion
(64%), and material infection (20%).13%-32-33]

It has been suggested that physical therapy
modalities may be an alternative treatment approach
in the treatment of migraine,*>" having been
distinguished as noninvasive methods that have
tried to find a place within different therapeutic
applications. Studies in the literature on the use of
physical therapy modalities in migraine treatment
have focused on trigger points, muscle strengthening,
and muscle relaxation.!**!!

The therapeutic use of US on trigger points was
described in a case report by Gongalves et al.,! who
treated 25 female patients with refractory migraine
with a total of 20 sessions of physical therapy two days
a week. The initially applied cervical stretching and
traction therapies were supplemented with therapeutic
US beginning from the sixth session. Ultrasound
therapy was applied at a frequency of 1 MHz and an
intensity of 1.5 W/cm?, delivering therapy for 1.5 min
to each trigger point (maximum two points). At the end
of the therapy, improvement was noted in the duration
and frequency of the migraine episodes, along with a
decrease in the pressure pain thresholds. The authors
reported employing nonthermal effects rather than
thermal effects of US, delivering US therapy with a
low heating rate and for short application periods.
They further reported that they were able to provide
relief to the muscle hyperalgesia via nonthermal effects
by decreasing the nociceptive input to the central
nervous system, which presumably decreased central
and peripheral sensitization. Using this approach, the
authors suggested that US therapy could be valuable in
the treatment of resistant migraine.

There is no study in the literature using physical
therapy applications to the occipital nerve to treat
patients with migraine. While the present study
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primarily focused on evaluating the efficacy of
pulsed US applied to the occipital nerve, Walling et
al.*% recently investigated the efficacy of pulsed focus
US applied to the occipital nerve for the treatment of
cutaneous allodynia in rats with chronic migraine.
In the study evaluating sumatriptan and ablative
lesioning therapies in a rat model with chronic
migraine, it was reported that focus US combined
with sumatriptan provided greater improvement to
the mechanical thresholds in the periorbital area
than ablative lesioning, and it was suggested that
focus US could be an important therapeutic option
in patients with chronic migraine. The authors
concluded that their study was the first step toward
the development of a long-standing, noninvasive
therapy for the treatment of chronic refractory
migraine that alleviated the need for an implantable
device. As a limitation of the study, however, the
authors reported burns in some rats, as they could
not adjust the optimal dose of focus US. In the
present study, no burns were detected, as US therapy
was applied in a circular motion rather than through
pulsed focus US to the occipital nerve.

The nonthermal effects of US include the
stimulation of phagocytic activity in inflammatory
cells such as macrophages and neutrophils, the
activation of degranulation of macrophages and
mast cells, an increase in the permeability of
biological membranes, the exertion of antiedema
effects through anti-inflammatory pathways, and
changes in membrane potential.'*'¥! We believe
that the action mechanism of therapeutic pulsed US
used in the present study resembles that of ONS. It
can be further suggested that US therapy increases
membrane stabilization and ion channel interaction
as a result of the nonthermal and, to a lesser extent,
thermal effects, although there are various effects
on the tissue.'® This in turn reduces inputs to
the CNS and contributes to a decrease in peripheral
sensitization.

The limitations of this study are the small sample
size and the lack of long-term follow-up.

In conclusion, pulsed US applied to the
craniocervical and upper cervical region, in addition
to the routine medical treatment used in migraine
patients, is effective on headache frequency, intensity,
and disability. We consider that the effects of
therapeutic pulsed US on the greater occipital nerve
and its use in the treatment of migraine justify the
conducting of further studies involving larger patient
groups.
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