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ABSTRACT

The effectiveness of mechanical vibration to sensory fields of cranial
nerves CN 5, 7, 8, 9, and 10 and cervical nerves C; and Cs to mitigate
migraine and trigeminal neuropathy pain was assessed. Vibratory devices
were fitted within silicon impressions ofthe auditory meatus in 72 subjects
(47 females, 25 males; 15 with trigeminal neuropathy pain, 57 with
migraine pain). Afterinitial pain levelself-reports, oxygensaturation, heart
and respiratory rates, and beat-by-beat blood pressure were collected
during a 10-minute control period, followed by 10-minute low- and 20-
minute high-amplitude 128 Hz mechanical vibration, and a second 10-
minute control period and pain assessment. Migraine and trigeminal pain
declined by a mean average of 3.54 (p<0.00001) self-reportlevels. Visual
and vestibular aura were reduced or abolished. Heartrates declined due
to vibratory stimulation, and partially recovered post-vibration, but
remained lower than at trial onset. In a subsetof 20 subjects, successive
trials reduced the frequency and intensity of pain attacks over time. Non-
invasive mechanical stimulaton of cranial and cervical nerves can
suppress painand ameliorate deleterious aura, possibly through action of
force sensing Piezo1 and Piezo2 ion channels.

Keywords: Piezo channels, Vibration, Pain, Heart Rate, Breathing,
Neuromodulation, Xerostomia.
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Introduction

A substantial need exists for non-pharmacologic
interventions for pain arising from migraine,
trigeminal, and cervical sources, and for
management of autonomic, visual, and vestibular
dysfunctions that often accompany such attacks.
Although significant progress in pharmacologic-
based interventions has emerged, including
anesthetic blockade of occipital nerves' or the
sphenopalatine ganglia,” and medications directed
to neurotransmitter action, many of these
pharmacologic interventions have significant
drawbacks, including development of major
unwanted cognitive or physical symptoms,
intolerance to the agents, developmental or
teratogenic effects, or ineffectiveness with even
short-term use.®* A number of non-pharmacologic
means have been developed; some are relatively
invasive, and include directelectrical stimulation of
the vagus nerve (CN10) through implanted
electrodes;* see® for review. Other means are less
invasive, and involve external electrical stimulation
of cutaneous sensory fields served by the
trigeminal,®’ cervical/occipital ¢ orremote sensory
cervical and upper arm nerves.’®'" Non-invasive
external stimulaton of CN10 via electrical
stimulation applied to the auricle'>'314'>has been
effective for drug-resistant migraine or cluster
headache; the supraorbital region served by the
trigeminal nerve has also been useful,’®":'8 as well
as transcranial magnetic stimulation. The efficacy
of these approaches has beenwell-described.?02'%

Although invasive or external electrical stimulation
to cranial nerves mediating migraine pain offers
several advantages for intervention, including cost,
ease ofdelivery, and precise control over stimulus
parameters, its use leads to several concems:
electrical stimuli applied to the cutaneous surface
canbe unpleasant, and directstimulation of nerves
or to the skin pose issues of potential injury
following long-term use. Invasive stimulation
procedures carry significant cost and risk issues,
including surgery-related infection as well as
potential mechanical injury to the target nerves or
to nearby tracts, and functional consequences from
stimulation of autonomic efferent fibers. Electrical
stimulation to vagal fibers of the neck, applied to
the cutaneous surface, for example, provides a
large field effect with the potential to reach fibers
of the sympathetic tract proximal to CN 10, with

potential influences on the cardiovascular system.
Similarly, multiple efferentfibers of the vagus may
be activated, carrying fibers to structures distal to
the stimulaton site with the possibility of
unexpected consequences.

A promising means to intervene for migraine and
trigeminal pain, as well as relief from deleterious
physiological phenomena accompanying pain
attacks, is offered by manipulating Piezo1 and
Piezo2 proteins that sense force transduction and
modulate action of a range of activities, including
pain, temperature, and cardiovascular functions;?
for review, see.?* Mechanical stimuli, delivered by
vibratory sources, offer the potential to deliver
non-invasive and innocuous activation wvia force
transduction of ion channels that could modulate
the perception of migraine and trigeminal pain, as
well as the significant visual, vestibular, breathing,
and cardiovascular disturbances that can
accompany the primary concern of pain.

Chronic oral or other trigeminal neuropathy pain is
common, and may be diffuse, as with migraine.
These presentations may have poorly defined
triggers, and develop from dental procedures, or
by neuralinjury from suchinterventions as radiation
to cervical or oral regions. The pain origin may be
difficult to localize or be referred to sites outside
initial injury targets; thus, burning sensations can
arise from tissue overlying the anterior mandible or
tongue from molar interventions (burning mouth
syndrome). Typically, pain arises from branches of
the 5% (trigeminal), cranial nerve, since that nerve
innervates the facial surface, a large portion of the
skull, the dura, blood vessels of the brain, major
portions of the oral cavity, the nasal cavities, and
the orbit.?> Moreover, there is a need to address
sensory fields of oral tissue served by CN 7, as well
as posterior areas of the oral cavity which may
involve CN 9 and CN 10, and in some cases of
cervical pain, discomfortarising from the neck and
shoulder, supplied by Cz and Cs. The first three
cervicalnervesalsoprovideinnervation to the dura #
a particular source of concern for migraine pain.

Migraineurs can exhibit autonomic or motor
disturbances reflected in sympathetic and
parasympathetic pattern changes to challenges,”
disturbed respiratory-cardiac variability interactions,?
or impairedbreathing; ** interventions for migraine
or trigeminal pain must consider management of
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accompanying autonomic dysfunctions, which
include nausea and vomiting, changes in blood
pressure and heart rate, and reduced salivation
which frequently accompanies pain from oral
sources. Visual and vestibular dysfunctions also
appear, and include narrowing or total occlusion of
a visual field, perceptual distortions with intruding
patterns, or fogginess of vision. Vestibular
disturbances often include dizziness or ataxia;
some of the signs are related to hypotension
accompanying the primary condition, but can be
independent of cardiovascular signs.*" Although a
primary focus for migraine interventions is to
reduce pain, the ancillary symptoms also require
attention, and point to the widespread nature of
afflicted brain regions and the multiplicity of
disruptive afferent sources. Thus, the autonomic
sequelae accompanying migraine attacks may
benefit by modulating parasympathetic fibers
accompanying or within cranial nerves 5, 7, 9, and
10, or by triggering central interactions of
parasympathetic and sympathetic systems.
Addressing disrupted autonomic functions during
pain attacks may require concurrent masking or
interfering activation of those autonomic fibers.

The principal cranial nerves classically implicatedin
mediating migraine pain are those of the 5th
cranial nerve system; however, CN7, 9, and 10 also
provide sensory innervation to portions of the oral
cavity, and the dura is supplied by spinal nerves Cs,
Cz2 and Cs, as well as CN 5. Those cranial and
cervical nerves could be usedto mask or interfere
with pain signals of CN 5; the cranial and cervical
nerves use the descending nucleus of CN 5 for
mediating cranial pain, providing a means to
disrupt adjacentactivity by proximity of integrative
neurons of the descending nucleus for the major
cranial nerves. Since migraine and trigeminal pain
can develop from multiple, varying sources within
the cranium, and neural processes involving
autonomic control are widespread, interventions
may require interfering with multiple cranial and
cervical nerves thattrigger or mediate central pain
processing and autonomic regulation.

The use of mechanical force transduction to
activate Piezol and Piezo2 channels for pain
suppression would be optimized if the sensory
fields serving the regulating cranial structures were
relatively localized forease ofintervention delivery,
and superficial for ready access. Activation of the

multiple cranial nerves mediating pain perception
is made difficult in that sensory fields for cranial
nerves 7, 8, 9, and 10 are usually considered not
superficial, require surgical intervention for access,
and are sited in diverse locations. However, the
auditory meatus and external pinna* contain
sensory fields for cranial nerves 5, 7, 8, 9, and 10,
as well as cervical nerves C; and Cs, all of which
serve significantroles in migraine or trigeminal pain
oraccompanying vestibular signs and can contribute
to conditioning central nervous system processes.
That proximal position of sensory fields allows
regional surface stimulation to activate sensory
fields of multiple cranial and cervical nerves that
project to a common sensory nucleus mediating
pain, the descending nucleus of the trigeminal
system, which also receives pain fibers for cranial
nerves 7,9, and 10, and spinal nerves Czand Cs.

Sensory activation by large fiber stimulation, such
as that elicited by mechanical vibration, has long
been proposed as playing a significant role in
gating pain.®3% The description of Piezo1 and
Piezo2 channels extends the role of mechanical
force deformation for both pain and multiple other
autonomic actions on a range of fiber types.
Somatosensory vibration at an adequate frequency
and amplitude provides a non-invasive means to
elicit activation of the sensory processes for both
migraine and trigeminal pain as well as
accompanying dysfunctions in vision, vestibular
and autonomic dysfunctions. We evaluated the
effectiveness of such vibratory intervention in
migraine and trigeminal neuropathy subjects with
acute presentation of pain. Since the intervention
activated sensory nerves which influence both
cardiovascular and breathing patterns, those
activities were also assessed. Longer-term changes
over months with repeated trials were examinedin
a subsetof subjects, and anecdotal reports of even
longer periods were documented.

Methods

SUBJECTS

The studies were approved by the Institutional
Review Board of the University of California at Los
Angeles (IRB# 13-001592), and written informed
consentwas obtained from each subject. Between
the years 2013 through 2025, seventy-two
subjects, aged 14-76 years, diagnosed with
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moderate-to-severe migraine (57 subjects) or
trigeminal neuropathy pain (15 subjects) by a UCLA
headache pain physicianin the UCLA Department
of Neurology, oral pain dentist in the UCLA School
of Dentistry Oral Facial Pain Clinic, or Department
of Neurology, Mayo Clinic, were recruited;
recruitment notices were distributed in the UCLA
Centerfor Health Sciences andin the UCLA School
of Dentistry Pain Clinic. Final decisions regarding
eligibility were made through review of medical
records and subjects’ medical history by the
Director of the UCLA Autonomic Control
Laboratory. Subjects were in otherwise good
health, with representation by sex approaching the
ratio in the general population, 7e., 25 males and
47 females. Subjects endured migraine attacks
over a 2-30 year period, and had undergone
treatment by multiple physicians (often, 5-10) with
little relief, and were on a range of medications for
pain interventions. Subjects were instructed not to
change medications during any part of the trial.
Three subjects had failed neurosurgical interventions.
Most subjects, having failed multiple medications,
surgical intercessions, or other manipulations,
considered the study a last resortfor relief.

SUBJECT EXCLUSIONS

No subjects were pregnant (an exclusion criterion).
One potential subjectfound initial exposure to the
vibration disturbing and did not continue the
study; another three recruitments had impressions
made, but did not appear for the vibration trial for
headache intervention. An additional recruitment,
after four days of not demonstrating a migraine
attack during trials shortly before evaluation (a
requirementfor study entry), revealed thatshe had
begun (and continued) a cannabidiol oilintervention
three days prior to the study. These recruitments
were excluded from analysis and are not included
in the subject count. No compensation other than
incidental transportation, parking, or meal costs
was offered to subjects.

DEVICE

Targeted sensory fields of CN 5, 7, 9, and 10 and
cervical nerves C; and Cs are shown in panel A of
Figure 1. The cartoon of panel B of Figure 1
indicates that projections from those nerves reach
the descending nucleus of CN5, the principal
integrative area for pain of the head and neck.
Fibers also pass rostrally to the periaqueductal gray
and ventral thalamus and to insular and cingulate

cortices (notshown). Cranial nerves 8 (auditory and
vestibularfibers)and? (fibers to carotid baroreceptors)
also have sensory fields near the auditory meatus,
and serve roles for blood pressure regulation, an
important aspectfor modulation of migraine.

Auditory meatus fitting was done by an accredited
audiologist from the UCLA Head and Neck Surgery
Audiology Clinic. Each subjectwas fitted bilaterally
with custom earpieces created with silicone
impressions of the auditory canal which extended
proximally to the tympanic membrane. The
earpieces were constructed using conventional
impression procedures as commonly employed in
the construction of hearing aids. These silicon
devices held an embedded metal bar cemented to
a surface circularneodymium disc magnetto which
a vibrating motor was later magnetically coupled
(Figure 1C, 1D). The devices, when activated,
stimulated mechanosensory receptors sensing
vibration for CN 5, 7, 8, 9, and 10 in the auditory
meatus via the metal bar, and cervical nerves C;
and Cg, in the auricle vialocal cartridge conduction.

The custom impressions for the earpieces required
special care to safeguard against injury to the
tympanic membrane, while atthe same time being
sufficiently deepto provide mechanical vibration to
the sensory field of CN 9 which extends from the
external portion of the tympanic membrane and
continues to the middle ear. A compressible foam
dam, attached to fiber threads for later ease of
removal, was inserted just lateral to the tympanic
membrane afteran initial inspection of the auditory
canal for wax, growths, or lesions. A conduit in the
silicon impression, formed by the threads from the
dam, provided a tunnel for air release to guard
against negative pressure on the tympanic
membrane with impression removal. The magnets
and metal bars were addedto the impressions after
hardening of the silicon and removal from the
auditory canal. Those subjects with trigeminal
neuropathy had additional flat vibratory pieces
applied overthe infraorbital and mental nerve exits
on the face unilaterally. A power supply (Figure 1E)
contained two low-voltage (1.5 v AA) batteries for
the vibration motors.
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Figure 1. A.Cranialand cervical nerve sensory fields. B. Nocice ptive fiber projections to CN5 spinalnucleus. C.Pinna 1, Vibratory
motor2,with cemented magnet, latchesto a se cond magnet 3, embeddedin silicon material 4, transmits vibration to sensory fields
viaa metalbar,5.Airconduitforreliefofair pressure, 6.D.Device position on subject. E. Power supply, leads, andvibratory discs.

An initial version of the power supply source was
programmable viaBluetooth signalsfroman Android
tablet for pulse rate, amplitude, on and off times,
and repeatable sequences of pulses. Once those
levels were established through evaluation trials, a
simplified device with two fixed amplitude values,
“high” and “low"” was usedto minimize inadvertent
stimulus parameter changes. The device was
reviewed and approved by the Clinical Engineering
Division at UCLA as a non-significant risk device.

DEVICE SAFETY

The device was evaluated for sound levels at 128
Hz using a Tenma sound level meter Model 72-
935. At 1 cm distance, at the "high” level, the
meter showed an increase in sound pressure level
7 db above room background noise of 40 db with
device onset; The "low” level was 4 db below that
value. With direct physical contact with the
vibratory device, / e., directphysical contact of the
device against the microphone of the sound level
meter, the measure increasedto 76 db, 7e.,36db
above 40 db background, while “low level” was 72
db. Those levels are substantially lower than values
generally recognized for injury from sustained
sound exposure, and are commonly exceeded by
commercial auditory entertainment earpieces.

AUTONOMIC AND RESPIRATORY MONITORING
Several of the cranial and cervical nerves activated
by the intervention have the potential to modify
cardiovascular or respiratory activity, especially CN
5 (via accompanying autonomic fibers and somatic

afferent fibers of upper airway muscles), CN 8 (via
vestibular afferents affecting blood pressure), CN9
(via projections to the carotid baroreceptors), and
CN 10 (via accompanying and intrinsic autonomic
fibers and fibers to the smooth muscles of the
upper airway), as well as C3 (components of the
phrenic nerve), thus mandating monitoring of both
autonomic and breathing patterns for subject
safety. Prior to the intervention trials, subjects were
instrumented with a pressure band to assess
thoracic and abdominal wall movements, three
ECG electrodes on the anterior thoracic wall
surrounding the heart, and a pulse oximeter on the
left index finger. Signals were collected by a
SOMNOtouch RESP™ device (SOMNOmedics,
CoralGables, FL). Beat-by-beatsystolic, mean, and
diastolic blood pressure values were later
determined from pulse transit times**3 using the
ECG and pulse oximeter signals. Conventional am
cuff blood pressure measurements were collected
on the subject prior to, and at the end of data
collection, to calibrate the SOMNOmMedics blood
pressure values. All data were subsequenty
transferred from the device to a laptop computer
for analysis (DominoLight; SOMNOmedics).

The subjects began a trial on experiencing a
migraine headache or oral pain attack and were
normally accompaniedby a caretaker or partnerfor
transport; trials were carried outin a quiet, dimmed
UCLA laboratory, typically over a 1-hr period. In
one case, logistics allowed only a demonstration
trial in a subject visiting from the United Kingdom,

© 2026 European Society of Medicine 5



and that subject subsequently used the device in
an attack at home, and then, prophylactically.

PAIN SCALE

The Numerical Rating Score for Pain (NRS)* was
completed by the subject at onset of the first trial
and at the end of the experimental session; the
subjects rated pain on a 0- 10 scale, with 0 being no
pain, and 10, a pain level sufficiently high that the
subjectmay go unconscious.

STUDY SEQUENCE

Following completion of an initial pain rating,
application of recording electrodes, and beat-by-
beat blood pressure calibration, the earpieces
were inserted into both ear canals, and the subject
queriedon comfort of the device without vibration.
Following affirmation of comfort, a 10-minute
control period with no vibration, but concurrent
physiological recording, was acquired. A 128-Hz
sinusoidal mechanical vibratory signal was then
applied for 10 minutes, initially at low amplitude
(1.5volts to vibrator), and for 20 minutes atincreased
amplitude (3.0 volts to vibrator). A second control
period was collected with continued physiological
monitoring after vibration offset for an additional
10 minutes. At the end of the last control period,
the pain scale was again administered, blood
pressure again calibrated with an arm cuff measure,
and the physiologicalelectrodes and the earpieces
removed. The subject was questioned on general
pain perceptions, change in salivation, any other
affective aspects, sensory alterations, such as visual
or vestibular alterations, and preferences on
whether they would like to use the device again.

Afterthe initial laboratory trials, a subsetof 42 subjects
returned for 3-4 subsequentlaboratory inte rventions.
Twenty of these subjects requested devices for
prophylactic home use. These subjects were queried
onoutcomesofsuch use, andvaluesfor this subgroup
were tabulated and anecdotal comments noted.

ANALYSIS

Initial examination of data from migraine and
trigeminal neuropathy patients showed similar
responsesto the vibratory intervention; thus, data
from both pain presentations were collapsed.
Subject ages, sex, diagnosed pain source, and
medications were compiled and are available from
the senior author in de-identified form. Subjects
were interviewed on pain history, triggering

events, and characteristics of attacks. Changes in
reported migraine or oral pain levels before and
after the interventions were evaluated by ANOVA
and two-tailed paired t-tests and plotted.

Results

Seventy-two subjects with migraine or trigeminal
neuropathic pain were studied. The subjects
included those with classic migraine symptoms,
with pain represented in multiple sites of the head,
sometimes accompanied by cervical pain from
trauma, and trigeminal neuropathy patients, with a
range of oral pain symptoms, including burning
mouth syndrome, chronic pain from failed dental
procedures, and pain originating from radiation
injury to cranial nerves following oncology treatment.
Pain from the posterior pharynx, presumably
arising from CN9 and CN 10, also appeared. Infive
cases, the symptoms included primary headache
pain, but stemmed from cervical injury from
whiplash or trauma, and were accompanied by
significant neck and shoulder pain. Most subjects
had endured pain for at least 2 years, occasionally
for 5-25 years, and had sought treatment from
multiple medicalinstitutions, undergone numerous
procedures, and were attendedby several physicians.
Most considered participation in the study as a
“last resort” for intervention following prior
treatments that includeda wide range of pain, anti-
depressive, anti-seizure, or narcotic medications.
The subjects indicated that their medications were
ineffective, or could not be tolerated because of
nausea, visceral injury by ulceration, other allergic
reactions, or interference with cognitive, arousal or
motor functions. Four subjects had undergone
neurosurgical procedures, including sphenopalatine
lesioning, occipital and cervical nerve blocks and
ablation, and nerve decompression which resulted
in no relief, orworseningeffects fromthese surgeries.

RESPONSES TO AMPLITUDE CHANGES
Interventions began with low amplitude levels and
were switched to a higher level after 10 minutes. In
two cases, the subject preferred low amplitude
settings, and requested that the amplitude be
returned from the high levelto low. The remaining
subjects reported the high amplitude levels to be
more effective.

Twenty-one of the 72 subjects did not meet the
criterion of pain reduction of >1 self-rated levels;
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half of those 21 reported a decline of 1 level
Seventy-one percentof subjects found relief of at
least 2 self-reported pain levels. Two subjects
joined the study after experiencing a migraine
attack, buthad a level O pain on arrival, and had no
change by ftrial termination, but a delay in
appearance of subsequent attacks. In the most-
severe cases, the pain reduction at the end of the
first trial was substantial (e.g., ona pain scale of 0
to 10, where a rating of 10 is so severe that the
subject is at risk to become unconscious, 10 to O
(no pain) occurred on two subjects, 10 to 2 on two
subjects, 10 to 6 on one subject, 9 to 0 on three
subjects (one was mute from painatlevel 9), 9 to 3
on one subject, and 8 to 1, and 8 to 2.5 on
additional subjects (however, one subject with
level 8 pain declined by only I level, which was
considered no change).

PHYSIOLOGICAL PHENOMENA

The physiological monitoring and subject
reporting demonstrated a number of ancillary
physiological changes of the intervention in
addition to reduction of migraine pain, including
lowering of heart rate, reduction of dizziness from
body motion, aboliton of visual field loss and
distortions of visual field, reduction of vestibular-
induced visual alterations, more-regular and deep
breathing, and, in approximately a third of
subjects, onset of quiet sleep, typically within 12
minutes after onset of vibration; half of those
subjects continued into rapid eye movementsleep
after another 5-7 minutes, as indicated by twitches,
eye movements, and reports of dreaming. These

10

Pain Level

sleep data have been described elsewhere in
abstractform.®

PAIN DECLINE

Individual declines in pain levels are shown in
Figure 2. The mean pain level before intervention
was 5.31, variance 6.35; after intervention, 1.77,
variance 4.31, i.e., an average decline in pain level
of 3.54. These values were significant, t Stat=10.85,
two-tailed t test, p<.00001, df = 71.

Several of the patients had other symptoms that
often accompany migraine or trigeminal
neuropathy; the most common symptom (7
subjects) was xerostomia (dry mouth syndrome),
from reduced saliva flow; all reported improved
salivation, with three trigeminal neuropathy
subjects reporting improved salivation for a week
or more following single trials. Total loss of visual
fields and distortion of visual fields (speckles within
fields, curving of linear shapes, partial loss of fields)
during attacks were rectified in five subjects. Three
subjects exhibited orthostatic hypotension, with
one confined to a wheelchair; the intervention
normalized blood pressure and resolved the
mobility condition. One subject with migraine
following traumatic brain injury was unable to
breathe deeply and exhibited right-side lower limb
motor weakness; both symptoms resolved with the
intervention. Vestibular and vision disturbances
during attacks in were resolved during trials, and
symptoms continued to regress over several
months to complete resolution.

Before

Figure 2.Individual plots ofself-reportedpainlevels from 72 migraine and trigeminal ne uropathysubjects collected at onset oftrial
(BEFORE)and attermination ofa baseline period ofno vibration atthe end ofthe vibratory trial (AFTER).
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PAIN LEVELS AFTER REPEATED LABORATORY
TRIALS

A subset of 42 subjects returned for 3-4
subsequent laboratory trials during migraine or
trigeminal neuropathy attacks and showed

Pain Level

o4
Initial Trial

Later Trial

consistent declines in perceived pain levels at
onset of these later attacks relative to the initial
trials. The changesinpain levels fromthe initial trial
to the last trial are shown in Figure 3.

Figure 3. Painlevelsreported before onsetofvibration for42 subjects on theirfirsttrial (Initial Trial) and atthe onsetoftrials after
participating in 3-4 trials (Later Trial). The decline wassignificant(Mean Initial Trial =6.4, Mean Latertrial = 1.9 p<.0001).

LONG-TERM EVALUATION

Because timing of the occurrence of migraine
varied substantially between subjects, andbecause
individuals within the subject population were
often mobile, it was not possible to recall subjects
at fixed intervals for follow-up interventions.
However, several subjects returned repeatedly for
interventions when experiencing attacks, with
return sessionsvaryinginnumberandtime between
sessions, and these sessions were documented.

The 20 subjects who used the device atleast once
a weekathome showeda decline in the number of
attacks/month (Figure 4). Follow-up anecdotal
reports from one subject indicated a 6-year
suppression of migraine attacks with weekly
twenty-minute interventions; a second subject
reported complete suppression with no refresher
trials overa 5-yearperiodfollowing the initial series
of interventions.

# of Days per month with migraine symptoms
before and after starting use of device

30

27

24

21

18

15

# of days

12

Number of days before

Number of days after

Figure 4.Plotofnumberofdays/monthwith migraine attacks re ported by a subsetof20 subjects priorto onsetoftrials and after 3
months ofat-home daily use ofdevice. Exceptfor a smallnumberofsubjects, migraines occurred daily priorto trials. The number
of days with migraine attacks/month declined after device use to an average of 1.8/month (p<.0001).

CASE CHARACTERISTICS

The presentation of individual cases varied
substantially. Some cases presented with pain
levels so intense they were mute, others with

modestor very low levels. The source or nature of
pain also varied substantially, with accompanying
features that differed between cases. Some
migraine casesexhibited localized pain confined to
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Modulation of Multiple Cranial and Cervical Nerve Sensory Fields for Migraine and Trigeminal Neuropathic Pain

regional areas of the head and was often
lateralized. Other cases showed more-generalzed
pain distribution. A substantial number of cases
reported migraine episodes beginning in
childhood and continuing with ineffective
managementinto adulthood.

Trigeminal neuropathy cases most often showed
chronic pain from unidentified sources, occasionally
after oral surgery or radiation treatment for
oncology. Burning mouth syndrome was common
in trigeminal neuropathy cases, and xerostomia

was often present in those subjects; recovery of
saliva typically occurred within a single trial, and
that recovery would lastfor a week or more.

HEART RATE

Heart rate declined during the course of the trial,
and then partially recovered during the baseline
period at the end of the recording (p <.001), but
remained lowerthan values at trial onset. Technical
issues related to heart rate acquisition limited the
subjectn to 33 migraine subjects (Figure 5 and 6).

Change in Heart Rate to Vibratory

trials

Heart Rate (bpm)

Baseline

Stimulation Post Stimulation

Figure 5. Heartrates at trial onset (Baseline), at high amplitude stimulation (Stimulation) and following a no stimulation recovery

period (Post Stimulation) for 33 migraine subjects.

Heart Rate Averages

82
81
80
79
78
77
76
75
74
73

Mean Heart Rate (BPM)

Baseline

Stimulation P ost Stimulation

Figure 6. Means and standard deviations of heart rate during trials for subjects of Figure 6. Mean Baseline =79.4 Stimulation = 75.0 Post

Stimulation =76.7 p <.0001 ANOVA.
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LONG-TERM TISSUE CONDITIONS

No subjects reported changes in ear canal
conditions, such as pain or infection, even after
prolonged use; one subject who used the devices
daily for 6 months, and 2-3 times weekly for
another 5 months, was evaluated by a professional
audiologist, and no indications of altered auditory
sensitivity, inflammation or other sign of tissue
change were present.

Discussion

The primary focus of reducing acute migraine pain
and pain of trigeminal neuropathy with short-term
non-invasive vibratory intervention appears to be
attainable; the intervention appears to be effective
for a wide range of both trigeminal neuropathy and
migraine pain. The outcomes can extend for long
time periods with a minimal number of refresher
trials. The intervention also appearsto have several
ancillary benefits for deleterious sensory and
physiological symptoms or auras which often
accompany migraine or trigeminal neuropathy
attacks. This study was a proof-of-conceptand will
require additional investigation to establish the
duration of pain suppression fordifferentpathologies,
optimization of stimulation parameters, and the
persistence of effects on ancillary symptoms that
accompany pain attacks.

The need for migraine and trigeminal neuropathy
interventions is substantial. Headache disorders
are highly prevalent globally, with an estimated
global prevalence 0of52%, and of migraine, 14%. In
the U.S., there were 27.9 million self-reported
migraine casesin 1999, with a nearly 3-fold higher
incidence in females. Approximately 3.2 million
Americans suffer from chronic migraine, a form of
the condition in which headache occurs 15or more
days a month, with the condition lasting 4 hours or
more for a period of 3 consecutive months.3* The
condition is often debilitating, requiring withdrawal
from social contact and/or precipitating stimuli for
daysata time. The widespread prevalence ofthese
conditions, and the diverse expression of
symptoms mandate aggressive searches for
multiple  procedures for intervention, and
especially for non-pharmacological approaches
that avoid the consequences of medication use.

The implications of this non-invasive, low cost, non-
electrical treatment mode for migraine and

trigeminal neuropathy pain are significant. A
simple mechanicalvibrating device with a vibrating
element similar to those found in other personal
hygiene products, placedin the external ear canal
and on a portion of the surrounding auricle, and
driven by a small external battery-powered power
supply and stimulator, constitutes the principal
intervention. The potential for injury is low, since
the active stimulus is mechanical vibration, not
electrical, and unlikely to induce tissue changes
associated with electrical activation, or to interfere
with implanted devices, such as pacemakers.
Spreadofcurrentis always a concernwith electrical
stimulation, particularly if the application is
percutaneous and has the potential to reach
multiple, disparate nerve bundles, e.g., proximal
vagal and sympathetic nerves in the neck
Moreover, the mechanical vibraton is of low
amplitude, and not likely to cause hearing injury,
since the vibrator sound level is low (much lower
than typical earpiece music levels), reaching a
maximal 76 db measured on directplacementon a
hard surface of a recording microphone, a value
significantly lower than levels recognized for
inducing hearing injury, and the frequency of
vibration is below frequency values necessary for
optimal hearing. The limited exposure needed to
achieve an effective response (<30 minutes)
contributes to a reduced concern for injury. No
pharmacological intervention is required, and the
subjectcan readily remove the device in the event
of discomfort. The device may be used safely to
intervene with acute episodes of migraine, and the
evidence, albeit from a subsetof the entire cohort
examined, suggests thatrepeated device use leads
to subsequent reduction in the number and
severity of migraine attacks. In multiple cases,
attacks have been completely resolved;in a small
number of subjects “refresher” trials, typically one
20 min trial/week, are required to avoid attacks.
We speculate that the lessoning of attacks suggest
that a “conditioning” takes place, with the central
nervous system “relearning” appropriate responses
to migraine or trigeminal pain triggers so that the
frequency and severity of pain episodes are reduced.

ADVANTAGE OF ACTIVATION OF MULTIPLE
CRANIALAND CERVICALNERVES

A number of studies have shown that noninvasive
activation of cranial and cervical nerves, typically
through electrical means, can reduce migraine
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pain.*'® Those studies usually focus on single
cranial systems, often directed singly at trigeminal,
vagal, or cervical fibers. Logistic issues usually
restrict activaton of multiple systems, with
stimulating electrodes typically placed onthe facial
surface, pinna of the ear, cervical or occipital
regions, or the upper arm (cervical innervation),
with the diverse sites making concurrentplacement
difficult. An advantage of the system described
here is that multiple cranial nerves, 5, 7, 8, 9, and
10 and cervical nerves C2 and Cs, with sensory
fields all located within reach of the vibration
source are activated in parallel, greatly simplifying
logistics of electrode placement.

Simultaneous activation of trigeminal, vagal, and
cervical sensory systems likely contributed to the
unexpected success in lowering pain and abolition
of successive attacks in migraine subjects. The
processes underlying these outcomes are unclear,
but may reflect the possibility that the multiple-
system approach can address dysfunctions in more
than one system if an affected system is unknown.
ltmay also be the case thatcombined activation of
several sensory systems underlying pain may be
more effective if summed activation to those
afferent fibers is used; the fibers all have common
projections to the descending nucleus of CN 5.

SELECTION OF VIBRATORY FREQUENCY

The process for reducing pain was a fixed-
frequency vibratory signal, 128 Hz, a pulse rate
commonly used to elicit reflexes in neurologic
testing, delivered to a set of cranial and cervical
nerves which have as a common integrative site,
the descending or spinal nucleus of CN 5.
Although the stimulus frequency was chosen for
reasons of classical neurologic use in reflex testing,
and because initial trials were so effective, optimal
frequencies were not evaluated and could well
differ from that used here. Thataspectshould be a
particular issue when considering the mechanisms
of action for pain reduction. Activation of Piezo1
and Piezo2 channels likely are the principal
mediators of the outcomes in pain suppression,
and those activities appear to be more sensitive to
lower frequencies; the responsiveness of those
channels has been mapped over 1-50 Hz.®
Subharmonics ofthe vibratory frequency usedhere
may be a more effective stimulus; that possibility
was not explored for logistic reasons, and because
of the relatively high degree of success with the

128 Hz selection. However, the possibility exists
that a lower vibratory frequency may contribute to
an even greater proportion of successful
intervention than found here.

Although the processes underlying disruption of
migraine pain likely lie with activation of Piezo1and
Piezo 2 processes, the initial impetus for the studies
emerged with the description of pain reduction on
body surfaces served by spinal nerves using
occlusion masking principles of stimulating large,
faster-conducting nerves to overcome pain
mediated by slower-conducting small fibers, a
mechanism advanced by Melzack and Wall®. This
occlusion principle has been widely assumed to be
operative for percutaneous electrical stimulation
for pain in nerves from the spine. Implementation
of pressure and vibratory receptors by the
mechanical movements used here preferentially
activate fast-conducting fibers and offer an
advantage over electrical stimulation. Electrical
stimulation, although exciting multiple sensory
receptors including those for vibration, will
preferentially activate receptors for noxious
sensation, not the fast-conducting receptors

especially useful for gating and suppressing pain in
the Melzack and Wall model.

Although the Melzack and Wall masking principles
may play a role here, with the synchronous
vibration activating more rapidly conducting fibers
of pressure andvibration to overshadow input from
smaller pain fibers, a possible scenario is that the
vibratory stimuli overwhelm integrative processing
within the descending nucleus of CN 5. The
possibility that the principal mechanism is one of
disrupting integrative organization is strengthened
by findings from individual subjects. In some
subjects, pain, relieved by the device, extended
from the mandibular region to areas of the medial
lower limb down to the foot. Pain from sucha distal
region may not be mediated by the descending
nucleus of CN 5, and suggests perception that is
organized by higher central nervous system
structures, including the periaqueductal gray and
insular cortex. The insular cortex, in particular,
serves major integrative roles for sensory
information as well as pain, and may serve as an
interactive site for the vibratory somatosensory
information with pain perception.*

One process that should be considered as an
operative mechanism is based on a principle that a
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painful stimulus applied to a remote site can
suppress an initial pain in another site. The
principle has beensummarizedto a popular phrase
“pain inhibits pain”,* and is termed "diffuse
noxious inhibitory control” (DNIC)in animals,*47 or
in humans, “conditioned pain modulation.” That
process forms a forceful intrinsic analgesic
mechanism capable of completely suppressing
pain signals. The remote site of “pain” inhibiting
migraine pain in this case may be the sensory
vibratory stimulation to the descending nucleus of
CNS5, where cranial nerves 5, 7, 9, 10, and C; and
Cs carry pain signals. The vibratory signal is not
“painful,” but may be misinterpreted as noxious.
The subnucleus reticularis dorsalis appears to play
a significant role in mediating pain suppression.® It
is unclear whether a similar process operates to
suppress visual, vestibular, and visceral symptoms
that can accompany migraine.

“LEARNING” OR ADAPTATION OF PAIN
PERCEPTION.
A significant  finding was that repeated
interventions resulted in fewer episodes of pain,
and reduction of severity of events over time even
without changes in medication, or in most cases,
reduction or cessation of medication. The
beneficial aspects were not confined to one-time
acute interventions, but exerted additive effects,
which typically resulted in abolition of attacks after
successive trials. The complete cessation of attacks
was accomplished without further pharmacological
intervention, and was of particular benefit for those
subjects who presented with extreme levels of
pain. Although attacks were typically suppressed
long-term after 5-10 sessions, in some cases, 20
minute refresher trials were required when an aura

of an attack appeared.

The decline in heart rate following vibratory
stimulation likely follows from activation of
parasympathetic components of the vagus, as well
as autonomic fibers accompanying the trigeminal
system. The responsivity of vascular components to
vibration should be expected in view of the
extreme sensitivity of Piezo1 channels to red blood
cell volume displacement,® as well as the role of
both Piezo1 and Piezo2 channels in sensing blood
pressure changes.® In addition, parasympathetic
fibers accompany CN7and CN 9, which are essential
for salivation. Activation of the parasympathetc
fibersresultedin exaggeratedsalivation, which was

of significant benefit to the trigeminal neuropathy
subjects who showed xerostomia. Restoration of
salivation, like the vascular changes, appeared rapidly,
and was sustained for periods of more than a week
following a trial with the benefits for food intake
and other positive attributes of improved saliva supply.

Although the primary outcomes focused on
sensory aspects of pain reduction, motor signs also
showed alterations. The trials resulted in slowing
and deepening of respiratory efforts, allowing one
subject with brain trauma to take otherwise not
possible deep breaths following initial injury with
accompanying migraines. That restoration likely
reflected the role that Piezo2 channels serve in
mediating neuronal sensing of airway stretch and
modulation of respiratory phase switching.>?

The heartrate decline was similar for both low and
high-amplitude stimulation periods (data not
shown), with rates rising slightly after stimulation
offset. The slowing heartrate was accompanied by
multiple subject statements at trial termination of
the experience as “relaxing” “like meditation,” or
“sleep-inducing.” The findings of sleepinduction,®
particularly the short-latency onset of rapid eye
movementsleep, were unexpected, butreflectthe
pronounced effectof the combined stimulation on
the central nervous system.

The characteristics of pain reduction and number
of events required to attain the absence of pain
attacks were variable, just as the presentations of
migraine were mixed, but the findings of
successive interventions resulting in declines in
pain intensity and number of attacks suggest that
some form of reorganization of neural integration
of pain takes place. It is unclear whether these
processes were of a “learned” nature, or whether
some other form of adaptation occurred.
Differentiation of the precise mechanisms would
require an evaluation of the patterns normally
acceptedtoterm a processas “learned,” /. e., show
characteristics of extinction and restoration after
reinforcement; such studies were outside the
proof-of-conceptevaluation here.

Limitations

This study was designed to evaluate whether
mechanical vibration can reduce migraine and
trigeminal neuropathy pain on acute presentations
of attack. Thus, the effectiveness for any specific
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presentation of migraine or oral pain was not the
objective, and the cases examined representeda
wide range of distress. The disparities in
presentations likely contributed to a lack of
effectiveness in a number of cases. Despite the
variation in types of pain, the overall effectiveness
for both migraine and trigeminal neuropathy cases
was unexpected. The study was not designed to
follow long-term effectiveness of the intervention,
and, except for limited subsets of subjects
(numbering about 42 and 20, respectively), reports
of longer-term benefits were principally anecdotal.
However, a large number of follow-up testimonials
from subjects who had endured years of pain
attacks unmanaged by conventional pharmacologic,
surgical, orbehavioralinterventions, butfound relief
to the vibratory trials, often permanently, suggest
that vibratory stimulation of afferent input to
multiple cranial and cervicalnerves may be a useful
approach. For those subjects arriving with pain
levels of 8-10 and finding relief after the 30-minute
trial, the intervention represented a major release.

At the same time, many of the parameters of the
study, including vibratory frequency, waveform,
and intensity, pattern of vibratory input, duration of
trials, and timing of intervention relative to onsetof
attacks, were arbitrary, and perhaps not optimal for
particularclasses of migraine or trigeminal pain. Those
aspects perhapscouldbe targets for future studies.

Conclusion

We used two amplitude levels of a fixed-frequency
mechanical vibration to a setof cranial and cervical
nerves to achieve significant acute trigeminal and
migraine pain reduction and accompanying
physiological dysfunctions associated with the
attacks in a large proportion of the subjects
(approximately 70%), without further pharmacologic
intervention. At the same time, the intervention
resolved or lessened a range of secretory, visual,
vestibular, and mobility issues accompanying the
migraine attacks and secretory issues with
trigeminal neuralgia. In a subset of patients who
repeated trials, abolition of attacks was achieved.
However, the device intervention only moderately
affectedpain in a small numberof subjects and was
ineffective or only modestly effective in 21 subjects
(defined as a change of perceived pain level of 1
unit or less). It is unclear whether alterations in
stimulation amplitude or frequency, changes in

burst-pause patterning of the vibration, tapering of
the amplitude of signal, or pairing of the vibration
with different levels of the pain would alter the
outcome of those poorly-responding cases. All of
those aspects need to be further investigated. The
approach suggests thatmechanical vibration to the
cutaneous sensory fields of a set of cranial and
cervical nerves can ameliorate migraine and
trigeminal pain and accompanying vestibular,
visual, visceral and other physiological signs, and
do so in a fashion that indicates an adaptation that
minimizes future attacks. The nature of the
stimulation, mechanical displacement, suggests
that actions mediated through Piezo1 and Piezo2
channels are the active elements underlying the
pain reduction and autonomic alterations. The
responses to acute attacks appear to be
repeatable; the long term suppression remains
anecdotal, and needs to be evaluated.
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