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ABSTRACT

Headaches are a common pain complaint, affecting millions of people in the US alone.
These pains have been attributed to intracranial processes, such as dilated blood vessels
and the trigeminal ganglion, and therefore only amenable to medication therapies.
However, many of these headaches, including “migraines”, may be caused by extracranial
conditions that can be diagnosed and treated with interventional pain techniques. Using
“pattern recognition”, many headache etiologies can be quickly identified, and then
treated with ultrasound-guided injections that diagnose and treat the underlying
condition. The topics in this article include the diagnosis and ultrasound-guided
treatment of supraorbital neuralgia, auriculotemporal neuralgia, and greater occipital
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neuralgia, and their role in headache management.
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INTRODUCTION

Headaches are one of the most prevalent neurologic
disorders. They affect 28 million people in the US and
account for millions of dollars in medical costs, lost
labor costs, and associated burdens on our society. As
with many medical events, headaches are complex,
and our understanding of them is an evolving science.
Although often seen as the primary pathology,
headaches are fundamentally a symptom and have
numerous proven origins and causes. There are many
types of headaches, and no two headaches are the
same. Despite the individual variations, one can see
distinctive patterns of pain that can be easily
recognized over and over again. Using pattern
recognition, many headaches can be quickly
diagnosed, treated, and, with proper care, put to an
end entirely. Here, | propose that headaches,
including migraines, are not always an isolated
intracranial phenomenon. Rather, they can be an
interaction between the intracranial components of
the brain and the extracranial nerves. In 2003, Pareja
et al proposed the term “epicrania” for headaches
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triggered by extracranial causes.

Plastic surgeons at the beginning of this century noted
the relief of migraines with both corrugator muscle
resection and injection of botulinum toxin, suggesting
a peripheral headache trigger. Headache specialists
repeatedly see patients with severe disabling
migrainous headaches after a head or neck injury, and
these headaches respond only modestly to migraine-
specific pain medications. These headaches may have
an extracranial origin, and the pain is likely a result of
a peripheral nerve irritation and entrapment in the
head or neck that was sustained during the injury.
Moreover, this peripheral nerve irritation may have
secondarily activated the migraine centers in the brain
to bring about the associated migrainous symptoms.
The treatment, therefore, would be to primarily
inhibit the nerve irritation utilizing interventional
pain techniques and thus turn off the pain origin,
which subsequently turns off the activated migraine
centers.

Although these nerves have been evaluated and
injected in the past using landmarks and occasionally
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fluoroscopic images, ultrasound may offer some
unique advantages, especially since most of these
nerves travel with arteries, perhaps contributing to the
complaints of “throbbing” pain.

EXTRA-CRANIAL CAUSES OF
“MIGRAINES”, HEADACHES & FACE
PAIN

Collectively, headache patterns have provided
practitioners and researchers with basic guidelines to
further understand and treat this often-debilitating
condition. One of the commonly followed
classification schemes for headaches is the
International Classification of Headache Disorders
(ICHD). This classification has defined many types of
head pain from the viewpoint that headaches are
either primary or secondary. The ICHD focuses on the
categorization and description of syndromes of
headache patterns. While thorough and extremely
useful, this lexicon only generally describes certain
peripheral nerve contributions to headaches as “Other
Terminal Branch Neuralgias.” The ICHD does little
to delineate the specific pain patterns of most of the
individual extracranial nerve pathologies in the head
and neck. The study of the origins of pain, as a
function of extracranial peripheral nerve entrapments

and their dysfunction, reveals a great deal of overlap
between many of the ICHD-defined headaches and
the nerve entrapments potentially causing these pain
patterns. The study of headaches, as a subspecialty in
the field of neurology, incorporates evidence from
closely associated disciplines such as pain
management, which become an invaluable tool in the

growing repertoire available to headache
practitioners.

SUPRAORBITAL NERVE

Supraorbital neuralgia (SN), first described by Beyer
in 1949 is a cause of extracranial headaches, with a
reported incidence of 4%. SN is defined by the
International Headache Society (IHS) as a localized
headache in the forehead region with the following
criteria: paroxysmal or constant pain in the region
supplied by the supraorbital nerve. SN has multiple
etiologies and can sometimes be confused with
migraine-type headaches, cluster headaches, or
sinusitis. It presents as supraorbital, retro-orbital,
and/or forehead pain, unilateral or bilateral, sharp
and/or throbbing (Figurel). It may be spontaneous or
the result of palpation of the supraorbital area.
Occasional patients may complain of blurred vision,
nausea, and photophobia, thereby confusing the
diagnosis. Triptans can help but usually only
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temporarily, presumably by vasoconstricting the
blood vessels travelling with the nerve (Figure 2),
thereby decreasing the entrapment. Symptoms
include continuous or intermittent unilateral pain
above the eye that occasionally radiates distally along
the SON to the vertex of the skull.

The SON can also serve as a trigeminal “trigger zone”
for tic douloureux. The symptoms may worsen with
time, especially if they are associated with progressive
scarring around the nerve. Headache symptoms are
often exacerbated with excessive squinting or
frowning (when the orbicularis oculi entraps the
nerve), direct pressure (such as with swimming
goggles), the head held lower than the heart (because
of increased blood flow), or fluid retention associated
with pre-menses and excessive salt consumption
(which causes swelling of the nerve in its canal). All
these factors can lead to further compression of the
nerve.

Like hemicrania continua and cluster headaches, the
headache from supraorbital nerve entrapment can
have associated ipsilateral conjunctival injection,
lacrimation, nasal congestion, rhinorrhea, and
frequent ipsilateral conjunctival injection,
lacrimation, nasal congestion, rhinorrhea, and
frequent “attacks.” In fact, hemicrania continua has
been successfully treated with supraorbital and
supratrochlear nerve injections. And as with
migraines, there may be associated photophobia,
phonophobia, nausea, and emesis. The pain is almost
always unilateral and can be severe enough to lead to
suicidal thoughts.

ANATOMY

The SON is one of five peripheral branches of the
ophthalmic division of the trigeminal nerve (cranial
nerve V). The trigeminal ganglion (TG) gives rise to
three divisions, ophthalmic (V1), maxillary (V2), and
mandibular (V3). While the V2 and V3 divisions
branch downward, the V1 division branches superior
and medially from the TG until it enters the orbit
posteriorly via the superior orbital fissure. The nerve
then divides into 3, continuing on as the lacrimal
nerve, the nasociliary nerve, and the frontal nerve.
The frontal nerve then splits into the supraorbital
nerve (SON), which exits the orbit with the
supraorbital artery via the supraorbital notch (Figure
2), and the supratrochlear nerve (STN), which exits
with the supratrochlear artery via the supratrochlear
groove or notch (Figure 2). and runs medially in a
small groove at the junction of the ocular ridge and the
nares. The SON then branches into a medial and
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lateral branch over the forehead (Figure 3).

Separate exits for the medial and lateral SON branches
were observed in eight of the 28 nerves (29%)
examined by Anderson et al. The medial branch
continues superiorly up to the vertex of the skull,
while the lateral branch moves superior-laterally;
both branches supply sensory fibers to the forehead,
upper eyelid, and anterior scalp, up to the lambdoidal
suture, and both were associated with arteries (often
intimately entwined). Janis et al. found that 73% of
the specimens they examined had the SON passing
through the corrugator muscle.

The supraorbital notch may be covered by a small
ligament (creating a foramen), which can become
thickened or calcified (Figure 4).

Fallucco and colleagues called this ligament-covered
foramen a “miniature carpal tunnel”.. In dissections
done by Anderson et al., 20 of 28 nerves (71%) exited
through foramina (with bony or connective tissue
bridges) instead of notches. Fallucco et al. dissected
50 SONs and found that 43 of the 50 (86%) had fascial
bands across the notch. These were further divided
into “simple” bands (22 of 43 or 51.2%), “partial bony”
(13 of 43 or 30.2%), and 'septums’, which could be
horizontal (4 of 43 or 9.3%) or vertical (4 of 43 or 9.3%).
There was a high degree of variability, and the authors
noted that the anatomic difference and variable
diameters could account for unilateral migraine
symptoms.

ENTRAPMENT

Entrapment occurs primarily at the supraorbital
notch as the nerve leaves the orbit, passing through
the supraorbital notch, the orbicularis oculi muscle,
the glabellar muscle, and the corrugator muscle, and it
can be exacerbated by frowning and squinting
(perhaps the reason that some “migraines” respond to
use of eyeglasses or botulinum toxin). Tight fitting
goggles or an anesthesia mask can compress the nerve.
There can also be trauma to the nerve from surgery in
the frontal region, This headache will often worsen
with menses or increased salt intake, perhaps by
causing swelling of the nerve in its canal. Inaddition,
there can be entrapment by scarring as well as by
thickening or calcification of the supraorbital
ligament.

PHYSICAL EXAMINATION

Athorough history should first be obtained to identify
any previous trauma or inciting events that could lead
to SN. Thisisthen followed by avisual inspectionand
physical examination of the forehead, eyebrow, nasal
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region, and supraorbital foramen. There will be
tenderness to palpation over the supraorbital foramen
with possible radiation of symptoms along the nerve
distribution of the affected side. Support the head
with the non-examining hand, then palpate over the
orbital rim, feeling for the supraorbital notch (Figure
5). Parasthesias should replicate the pain complaints,
and, with careful palpation, the examiner should be
able to identify the slim, string-like vertical SON
structure. Move the thumb medially to feel the
supratrochlear groove.

In 2005, Sjaastad and colleagues reported on the
supraorbital examination of 1,828 of the inhabitants of
Vaga, Norway. Only 24 persons (1.3%) did not have a
palpable SON; 98% of the individuals had a palpable
SON, and 5.4% of the inhabitants (106 of the 1,828
people examined) had increased tenderness over the
supraorbital notch. Twelve of these had a clinical
presentation of SN; 10 of the 12 had a history of
forehead trauma.

ULTRASOUND EXAMINATION

Using ultrasound (US) to block the supraorbital nerve
can be beneficial over the landmark-guided or
fluoroscopic approaches. The linear probe is placed
horizontally across the supraorbital notch (Figure 6).
With direct visualization of the supraorbital foramen,
proper needle placement can be achieved as well as
avoiding inadvertent needle placement into the
foramen. In a recent cadaveric study, Spinner and
colleagues demonstrated that ultrasound-guided
blocks of the supraorbital and infraorbital nerves had
greater accuracy than conventional landmark-based
techniques. The results of the study showed that the
US accuracy rate was 100% (18 of 18) for the in-plane
approach and 94% (17 of 18) for the out-of-plane
approach. Thirty-five injections were considered
accurate (97%) with overflow, and one injection was
inaccurate. The study concluded that ultrasound-
guided injections had a higher degree of accuracy
versus the standard techniques used today. The US
technique would be performed the same as the
conventional landmark-guided technique with
improved visualization of the target.

AURICULOTEMPORAL NEURALGIA

Temple headaches may be due to entrapment of the
auriculotemporal nerve (ATN), a third-division
branch of the trigeminal nerve. Other areas of pain
when this nerve is entrapped may include pain in the
auricular areaand the temporomandibular joint. This
is a common headache site (just visualize all the
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headache patients rubbing or pressing their temples
for relief) shared with migraine headaches, and it may
often be misdiagnosed as an intracranial migraine.
There are two distinct clinical presentations of ATN
nerve dysfunction, and a variety of names, including
auriculotemporal neuralgia, auriculotemporal
syndrome, Frey syndrome, Baillarger syndrome, Dupuy
syndrome, salivosudoriparous syndrome, and gustatory
sweating syndrome.

CLINICALPRESENTATION

Entrapment of the ATN is probably the most common
of the trigeminal headaches. Calandre et al. evaluated
specific areas in the scalp that could be manually
palpated to elicit a headache; 42.6% of these “trigger
points” were found in the temple region and 33.4% in
the suboccipital region. However, ATN entrapment is
rarely diagnosed and represented only 0.4% of the
referrals to a tertiary headache outpatient clinic.

There are two main presentations of irritation of this
nerve: Auriculotemporal Neuralgia (ATn) and the
more rare Auriculotemporal Syndrome (ATS), both of
which can have overlapping presentations, as well as
multiple etiologies.

Atn typically presents as paroxysmal attacks of pain in
the preauricular and temple regions as well as the
retro-orbital region and the teeth . The patient with
ATn headaches due to ATN entrapment will often
awaken at 3-4am with a headache in the auricular area
that radiates into the temple (Figure 7) and the retro-
orbital aswell asthe occipital region.

The headache may be unilateral or bilateral, and may
have associated ear, parotid, and jaw pain or

numbness. The headache is often throbbing in
nature, possibly due to its proximity to the temporal
artery. There is often increased pain with talking,
chewing, and menses. The intensity of the pain is
moderate to severe, and the quality is usually constant,
though at times there may be paroxysms of sharp,
jabbing, lancinating pain or a throbbing, pounding
pain. The pain may be triggered by trauma to the jaw
or temple, as well as by surgery, exacerbated by
palpation over the preauricular area or by chewing,
and can be associated with severe nausea and
vomiting. The pain characteristics and
accompanying nausea and vomiting meet the
International Headache Society criteria for a
“migraine”, though there is no specific listing for
ATn. The early morning headache appears to be
related to bruxism or nocturnal jaw clenching.
Because there is a physical connection with the facial
nerve (see Anatomy section), there can also be pain in
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the muscles of facial expression with ATN
entrapment.

In 2005, Speciali and Gongalves evaluated six patients
with ATn proven by diagnostic nerve blocks (see
Injection techniques section). All were females with
unilateral pain, suffering with symptoms from 1
month to 20 years, and all of the patients had pain with
palpation of the preauricular area just above the
tragus. Painwas primarily around the ear, radiating to
the head of the mandible and temple in all of the
patients. One patient had knife-like pain triggered by
gustatory stimuli (see Frey's syndrome below). In 4
patients, the pain radiated to the occipital region, but
there was no relief from occipital nerve blocks (see
below). There were complaints of facial tingling or
parasthesias in 4 patients, but, notably,
temporomandibular joint (TMJ) pathology was
absent in all of the patients. All of the patients had
complete or near-complete relief with ATN injections.
Murayama et al. described a patient with left ear pain
and ipsilateral maxillary second molar pain. The
dental examination was normal, and the tooth and ear
pain resolved with a local anesthetic and steroid
injection of the ATN, with remission still present 6
months later.

The Auriculotemporal Syndrome, also known as Frey
syndrome, was described by Frey in 1923 as a
constellation of symptoms including unilateral
hyperhidrosis and flushing of the cheek and ear that
occurs when eating or drinking anything that
stimulates the parotid gland to produce saliva (Figure
8). Pain is uncommon, but there may be sensory
changes in the ATN distribution, and there may be a
concomitant trigeminal neuralgia. Also known as
Baillarger syndrome, Dupuy syndrome, salivosudoriparous
syndrome, and gustatory sweating syndrome, these
symptoms usually occur 2 to 13 months after surgery,
open trauma, or infection of the parotid gland, though
it has also be described after dislocation of the
mandibular condyle. The proposed cause is an
improper regeneration of the sympathetic and
parasympathetic nerves of the parotid gland, and the
syndrome occurs in about 5% of surgical patients, even
with careful technique. The severity of symptoms
associated with Frey syndrome can range from mild to
debilitating.

Gordon and Fiddian® reviewed the records of 71
patients who had parotid surgery; 17 patients had
“noticeable” Frey syndrome. Fourteen patients had
positive Minors' test (iodine/starch), with the greater
auricular nerve involved in 6 cases, the ATN in 4 cases,
and both in 2 cases (with 2 inconclusive tests). Choi et
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al. evaluated 59 patients after parotidectomy, using
subjective symptoms, Minor's starch iodine test, and
thermography, and found a *“good” correlation
between the 3 indicators. Pain triggered by taste
stimuli can be a significant component of Frey's
syndrome; Scrivani et al. described 6 patients with
recurrent, episodic shocking facial pain triggered even
by the smell of food, which occurred days to weeks
after head and neck surgery.

ANATOMY

The ATN is a branch of the third division
(mandibular) of the trigeminal ganglion. The
mandibular nerve exits the cranium through the
foramen ovale and then immediately divides into an
anterior and posterior division, providing sensation to
the TMJ, tragus, external auditory canal, parotid, base
of theauricle, and skin of temporal region (Figure 9).

The anterior division travels between the roof of the
infratemporal fossa and the lateral pterygoid muscle
(LPM) and is composed of the anterior deep temporal
nerve, the posterior deep temporal nerve, and the
masseteric nerves. The posterior division consists of
the lingual nerve, inferior alveolar nerve, and ATN,
descending medial to the LPM. Because the ATN has
a long and tortuous course, it is at risk for irritation
and entrapment. The ATN arises by two roots, which
travel on either side of the ascending middle
meningeal artery and then join together to form a
short trunk. It leaves the foramen ovale, and runs
beneath the pterygoideus externus to the medial side
of the neck of the mandible. Itthen turnsupward with
the superficial temporal artery, between the external
ear and condyle of the mandible, under the parotid
gland. After it leaves the gland, it ascends over the
zygomatic arch, traveling in front of the temporal
mandibular joint (providing the primary enervation
of the joint as it goes by) to pierce the temporalis
muscle. The ATN then divides into five small
branches, including the nerve to the external auditory
meatus, which innervates the skin of the meatus and
the external tympanic membrane; the parotid branch
nerves; the articular branches, which innervate the
posterior part of the TMJ; and the superficial temporal
nerve, which innervates the skin of the temporal
region. The superficial temporal nerve communicates
with the facial nerve, the zygomaticotemporal nerve
(which is a branch of the maxillary nerve) and
zygomatic branches of the facial nerve.

The ATN has been associated with migraine
headaches. Chim et al. dissected the ATN in 20
cadavers and found 3 potential compression points
along the path of the nerve. Point 1 and 2
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corresponded to fascial bands, with point 1 being 13.1
+ 5.9mm anterior and 5 &= 7mm superior to the
superior point of the external auditory meatus and
point 2 found at 11.9 = 6mm anterior and 17.2 +
10.4mm superior to the most anteriosuperior portion
of the external auditory meatus. The 3 point
represented the interaction of the ATN and the
superficial temporal artery (Figure 10), found in 80%
of the dissection. There were 3 types of interactions
noted — the artery crossing over the nerve (62.5%), the
nerve crossing over the artery (18.8%), or the artery
wrapping helically around the nerve (18.8%).

Andersen et al. dissected 10 heads and found the
superficial ATN branch to be located between 8 and
20mm anterior to the root of the ear helix. Only 4 of
the cadavers had a single branch anterior to the tragus;
the rest had multiple branches. The temporal artery
was always found deep to the ATN, and in 3
dissections the ATN connected with the temporal
branch of the facial nerve. There was noted to be a
connection between the ATN and lesser occipital
nerve in 2 cases, and between the ATN and the greater
occipital nerve in 4 cases.

Janisetal. dissected 50 cadaver temples and identified
that the ATN was always found to lateral to the artery
in the upper preauricular temple. In another 50
cadavers, Janis et al. dissected the periorbital and
temporal regions, evaluating the path of the
zygomaticotemporal branch of the ATN. In “exactly
half” of the specimens, the nerve had no
intramuscular path; in the other half of the cadavers,
11 had only a brief course through the muscle, but 14
had a long, tortuous path through the muscle, making
entrapment likely.

ENTRAPMENT

Entrapment of the posterior division of the
mandibular nerve is not uncommon, with one study
showing entrapment in 6% of 52 cadavers, primarily at
the level of the LPM. Another study of 10 cadaver
dissections showed myositis, local ischemia, and
inflammation of the LPM in patients with premortem
complaints of pain in an ATN distribution. Spasm of
the LPM or local changes within the muscle can
entrap the nerve, causing numbness of the external ear
and TMJ. The ATN can also be entrapped between
the medial and lateral pterygoid muscles, causing
facial numbness, mandibular pain, or headaches.

The anatomic relationships between the ATN and the
muscles of mastication, the TMJ, and the surrounding
vascular structures set up the potential for
entrapment, so that ATn can play a role in TMJ
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mage: Andrea Trescot, MD
Image: Andrea Trescot, MD

Figure 1: Patient pain complaint from supraorbital nerve  Figure 4: 3D image of the skull. Arrows show supraorbital
entrapment. notch. A = obliterated foramen, B = supraorbital notch.
C = supratrochlear groove.
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Image: Andrea Trescot, MD

Figure 5: Physical examination of the supraorbital
nerve.
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Image: Andrea Trescot, MD

Image: Andrea Trescot, MD

Figure 3: Facial arteries; arrow identifies the supraorbital Figure 6: Ultrasound image of the supraorbital nerve.
artery (Image from Quain J, Wilson WJE. The Vessels of the (Ultrasound Image: David Spinner, MD; composite
Human Body, 1837) created by Andrea Trescot, MD)
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Image: Andrea Trescot, MD

Figure 9: Nerves of the face.

Image: Andrea Trescot, MD

Figure 7: Patient's description of pain from
auriculotemporal neuralgia.

Image: Andrea Trescot, MD

Figure 10: Temple arteries; arrow identifies the temporal artery
(Image from Quain J, Wilson WJE. The Vessels of the
Human Body, 1837)
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Figure 8: Frey syndrome. Note the well-healed parotid —
scar and the facial flushing with eating. Figure 11: Auriculotemporal nerve examination.
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Image: Andrea Trescot, MD

Fig 12: Ultrasound evaluation of the auriculotemporal
nerve. A = horizontal evaluation; B = vertical evaluation.

Image: Andrea Trescot, MD

Figure 14. Pattern of posterior cervical and occipital pain.
A = C2/3 facet; B = C3/4 facet; C = greater occipital nerve

(GON); D = posterior auricular nerve (PAN); E = lesser

occipital nerve (LON); F = third occipital nerve (TON).
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Figure 13. Pattern of greater occipital pain.
SCM
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point

Figure 15: Anatomy of the occipital region, modified
from an image from Bodies, The Exhibition, with
permission. Note the connection of the greater and lesser
occipital nerves.
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Image: Andrea Trescot, MD
Image: Andrea Trescot, MD

Figure 16. The path of the occipital nerve. Figure 17 A, B, C, and D. Physical examination of the greater
10 = inferior oblique; P1 = Part 1 of the occipital nerve; occipital nerve.

P2 = Part 2 of the occipital nerve; P3 = Part 3 of the

occipital nerve; Al = site of entrapment of inferior

oblique; A2 = site of entrapment by trapezius muscle.

occipital nerve
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Figure 18. A = Location of ultrasound transducer:

1 = standard occipital nerve ultrasound site; 2 = US approach with (2A) being the initial probe placement and (2B) being the final
probe placement.

B = Distal US occipital nerve and artery.

C = Proximal US of greater and third occipital nerve.
(Images: Andrea Trescot, MD - modified from Greher et al. [48])

ANAESTHESIA, PAIN & INTENSIVE CARE; VOL 21(2) APR-JUN 2017 249



ultrasound for evaluation and treatment of headaches

pathology, headaches, and external ear pain.
Secretomotor fibers within the parotid gland may also
be entrapped, leading to impairment of salivation (and
therefore triggering Frey syndrome).

Janis et al. proposed an entrapment of the ATN by the
superficial temporal artery, finding a “direct
relationship” between the ATN and the superficial
temporal artery in 34% of the cadavers studied, with
the ATN wrapped helically around the superficial
temporal nerve. Because of the ATN and facial nerve
connection, entrapment of the nerve at this level can
cause pain in the muscles of facial expression.

In addition, the temporal artery entraps the
zygomaticotemporal nerve (a branch of the maxillary
nerve that exits through the zygomaticotemporal
foramen and innervates a small area of the forehead
and temporal region), mimickingan ATN.

PHYSICAL EXAMINATION

Since there are several sites of entrapment, the
physical examination must be able to separate each
area of pathology. Examination should include the
TMJ (placing the examining fingers over the joint as
the patient opens and closes their mouth), the
masseter (rolling the examining thumb horizontally
as the patient clenches their jaw) and the zygomatic
branch of the facial nerve (placing the examining
thumb at the anterior condyle of the mandible, just
under the zygoma). The examiner should also palpate
of the temporalis muscle (looking for trigger point
tenderness) and the superficial temporal artery (to
evaluate for temporal arteritis).

The mostclinically common site of entrapment for the
ATN is in the temporal fossa; Trescot described
finding the ATN by placing the index finger at the
apex of an isosceles triangle created by resting (for the
right-sided exam) the thumb on the tragus and the
middle finger on the canthus (corner of the eye)
(Figure11).

ULTRASOUND GUIDED INJECTION

In 2007, Shankar and Brethauer described an US
technique for the ATN injection. The US probe is
placed transversely just above the TMJ, and color
Doppler used to identify the superficial temporal
artery; the nerve appears as a small hyperlucent
bundle (Figure 12A). The probe is then rotated to
perform a longitudinal scan to track the nerve
cephalad (Figurel2B). They used a 25g needle from
an out-of-plane approach to deliver medication (2cc of
1% lidocaine and 10mg of Depo-Medrol®) around the
nerve.
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Because of its tortuous path, its proximity to a
significant artery (the temporal artery), and its
frequent misdiagnosis, US is an excellent tool for the
diagnosisand treatment of the ATN

OCCIPITALNERVE

The greater occipital nerve (GON) entrapment
commonly causes occipital and cervicogenic
headaches, and can sometimes cause headaches with
characteristics similar to migraine headaches. The
anatomic recognition of multiple occipital nerves (the
greater occipital, the lesser occipital, and the third
occipital nerve), each with different patterns of pain,
neurologic origin, and treatment modalities, has been
facilitated by the use of precision diagnostic
injections. This article will focus specifically on the
GON. There are multiple names used for these nerve
entrapments, including “migraine”, “tension
headache”, “cervicogenic headaches”, and “occipital
myalgia-neuralgia syndrome”. Sometimes the term
“suboccipital injections” has been used to describe
greater occipital nerve injections, but, for thisarticle, |
use “suboccipital” to mean the C1 nerve root or the
high volume occipital decompression. Occipital
neuralgia is also known as C2 neuralgia or Arnold's
neuralgia.

CLINICALPRESENTATION

Beruto et al. described occipital neuralgia (ON) in
1821 as a sharp, lightening-bolt pain radiating from
the occiput to the vertex. The medical terms occipital
neuralgia and cervicogenic headache describe a
syndrome of neck and head pain primarily referring to
the occiput, as well as the temporal area, forehead, and
retro-orbital areas, that may arise some distance away,
in the upper cervical spine. Greater occipital
neuralgia characteristically presents as paroxysmal
shooting, stabbing pain from the suboccipital region
to the vertex (Figure 13). The cutaneous innervation
of the posterior neck and occiput comes primarily
from C1, C2, and C3, which provide overlapping
dermatomes (Figure 14). C2 covers the occiput, neck,
and submental regions, while the C3 dermatome can
span from the clavicle to the mandible to behind and
over the ear, pinna, and the angle of the mandible.
Since the greater occipital nerve is made up of
contributions from C1, C2, and C3, there can be awide
range of clinical presentations.

As a subset of cervicogenic headaches (CGH),
occipital neuralgia can cause pain and paresthesias to
the posterior scalp, the periorbital, temporal and
mandibular regions, the external ear and mastoid
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regions, aswell as pain in the neck and shoulders. The
first three cervical spinal nerve segments (C1-C3) that
make up the occipital nerves share a relay-station in
the brainstem that continues into the upper cervical
spinal cord with the trigeminal cell bodies (the
cervico-trigeminal complex). The pain of occipital
neuralgiaand cervicogenic headaches can therefore be
referred to structures innervated by the branches of
the trigeminal nerve, namely, the forehead, temples,
and eyes.

There are three occipital nerves — the greater, the
lesser, and the third occipital nerves. Their patterns of
pain are overlapping, and so the reader is encouraged
to review information on these nerves as well.
Unilateral ON, perhaps because of the proximity of the
occipital artery (see below), can present with
throbbing, unilateral headaches associated with
photophobia, phonophobia, and nausea; symptoms
meet the International Classification of Headache
Disorders (ICHD) of a “migraine”. There may be a
history of occipital pain, often radiating to the face,
specifically described as “behind my eye” and “like an
ice pick”. Occipital headaches may start as “tension
headaches” in the upper cervical region, but then
center at the base of the skull and produce throbbing,
unilateral or bilateral pain, accompanied by nausea,
photophobia, and phonophobia. Occipital neuralgia
has a close relationship with cluster headaches, with
several authors describing the use of occipital blocks
to treat cluster headaches. Hemicrania continuumand
“transformed migraines” have also responded to
occipital nerve blocks.

ANATOMY

The largest of the three occipital nerves, the GON
arises from the posterior ramus of C2 that runs
inferiorly between the arch of C1 (atlas) and the
lamina of C2 (axis), lateral to the lateral atlantoaxial
(AA) joint, deep to the inferior oblique muscle. The
GON then curves up over the inferior oblique,
between the inferior oblique and the semispinalis
capitis muscles (Figure 15).

A branch from C3 may join at this point, as the nerve
ascends up the neck and over the dorsal surface of the
rectus capitis to pierce the semispinalis capitis muscle,
deep to the trapezius muscle. The GON then exits the
neck through a muscular sling formed by the
aponeurosis of the sternocleidomastoid muscle (SCM)
and trapezius muscle at their attachment on the
occipital bone (the conjoined tendon), where it is
joined laterally by the occipital artery. At this point,
the greater occipital nerve is immediately medial to
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the occipital artery and lateral to the inion or occipital
prominence, lying in a palpable groove. This
proximity to the artery may account for the throbbing
sensation that often accompanies GON entrapment.

The GON could therefore be considered to have three
parts (Part 1, Part 2, and Part 3) as well as two bends
(Al and A2, where entrapments occur) (Figure 16). A
cutaneous branch of the suboccipital nerve (the C1
dorsal ramus) will occasionally join the GON as it
accompanies the occipital artery. The GON frequently
connects with the lesser occipital nerve (Figure 15),
which arises from the cervical plexus (formed by the
upper four ventral cervical rami). The GON continues
to ascend to innervate the skin along the posterior
portion of the occiput to the vertex, portions of the ear,
and parotid glands.

Shimizu et al. looked at the suboccipital region of 24
cadaver heads; the occipital nerve was found to cross
over the artery, with the nerve consistently indented
by the artery but without histologic evidence of
mechanical damage. Natsis el al., based on the
dissections of 40 cadavers, noted that GON was noted
to get wider as it moved toward the periphery,and, in 3
cases, the nerve split into 2 branches before piercing
the trapezius. The GON and lesser occipital nerves
were reunited at the level of the occiput in 80% of the
specimens. Becser, Bovim, and Sjaastad dissected 10
cadavers and found that twelve of the 20 GONs
wrapped around the occipital artery.

Dash et al. looked at 19 cadavers and noted that all of
the GONs identified were found to pierce the
semispinalis capitis. On the other hand, in the 20
cadavers that Bovim et al. dissected (none of whom
had a history of headaches), 10 specimens had the
occipital nerve piercing the trapezius muscle on one
side but not the other. They also identified 11 nerves
with macroscopic signs of possible nerve compression
from fibrotic tissue, with 6 compressions
accompanied by a “kink” of more than 90°.
Additionally, three of the 40 occipital nerves
penetrated the inferior oblique. They also noted a
marked variation of the amount of venous plexus at
the level of C2; 50% of the cases had the C2 nerve root
surrounded by a marked vascular network. They
noted a significant variation in the path of the
occipital nerve, but they also remarked that, for many
of the dissections, there was a significant difference
noted within the 2 sides of the same individual.

ENTRAPMENT

There are several areas of entrapment of the occipital
nerve: (A) where the greater occipital nerve emerges
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from the C2 DRG between the atlas and axis, (B)
between the inferior oblique and the semispinalis
capitus muscles, (C) where the nerve pierces the
semispinalis capitis, and (D) where the nerve exits
from the aponeurosis of the trapezius. Because the
GON pierces the nuchal fascia at the base of the skull,
it is prone to trauma from flexion/tension injuries,
which can lead to entrapment by a spasm of the
trapezius muscle.  Repetitive neck contractions
secondary to work, recreational activities, and many
other activities can cause entrapment and/or scarring
of the GON. The trapezius or sternocleidomastoid
muscles can cause entrapment secondary to
myofascial spasms. Head forward positions can
entrap the GON at the level of the inferior oblique.
Medical conditions such as osteochondroma (benign
tumors of the bone), arterial compression of the C2
nerve root by a tortuous vertebral artery, herpes zoster,
osteoarthritis or rheumatoid arthritis (especially at
C1-C2), or traumasuch as blows to the back of the head
or posterior fossa surgery, and many others contribute
or are the root cause of entrapment or are the
contributing factors causing pain. However, as the
ganglion of this nerve interconnects with the
trigeminal nerve in the brainstem, pain may be
referred to any branch of the trigeminal nerve. The
best way to diagnose an occipital nerve entrapment is
by physical examination and injection.

PHYSICAL EXAMINATION

For the physical Examination of the greater occipital
nerve, the patient should be positioned sitting with
the neck slightly flexed, with the examiner supporting
the forehead with the non-examining hand (Figure
17A). With the examining hand, place the middle
finger at the midline base of the head to identify the
site of the foramen magnum (Figure 17B). The index
finger is placed at the conjoined tendon attachment
(Figure 17C). The thumb will then palpate the area
just lateral to the conjoined tendon, approximately
3cm inferior and 1.5cm lateral to the occipital inion
(Figure 17D). If an area of paresthesia is created,
reproducing the patient's pain and symptomatology,
the greater occipital nerve is likely the source.

ULTRASOUND-GUIDED
TECHNIQUE

There are several sites for injection of the GON under
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US. Shim et al. used US-guided injections at the
occipital ridge (site 1 on Figure 18) to treat occipital
headaches; they measured the distance from the
“external occipital prominence” (the inion) to the
occipital nerve and artery, and then looked at the
results of landmark-guided versus US-guided
injections. They found a greater improvement in pain
scores for the US patients at 4 weeks (blind 3.8 = 0.3
vs. US 2.3 £ 0.2). Na and colleagues did a similar
study with 26 patients using flow Doppler versus blind
injections at the nuchal ridge. All of the injections
resulted in at least “partial” hypoesthesia; only 30.8%
of the blind injections had “complete” anesthesia,
while 76.9% of the Doppler-guided injections had
“complete” anesthesia. Palamar et al. randomized 23
migraine patients to injections of 1.5cc of local
anesthetic (0.5% bupivacaine) or saline under US
guidance at the occipital ridge; all actively treated
patients noted a significant decrease in headache
symptoms. Each ON was found to be medial to the
occipital artery.

Greher et al. described an anatomic study on cadavers
using ultrasound to compare the traditional injection
site (site 1 on Figure 18) at the nuchal ridge with a
more proximal technique (site 2 on Figure 18A). They
identified the bifid spinous process of C2 with the
probe in ahorizontal position (site 2A on Figure 18A);
the probe was then rotated (site 2B on Figure 18A) to
visualize the inferior obliqgue muscle and the GON,
which appears as a hypoechoic oval on top of the
muscle (Figure 18C). Using 0.1cc injections of dye,
they used ultrasound to identify the GON at both sites
bilaterally in 10 cadavers. They reported successful
injection of the GON distally in 16 of 20 dissections,
while all 20 of the proximal GON were stained with
dye (i.e., successful).

CONCLUSION

Aggressive treatment of headaches and “migraines”
can be gratifying and technically satisfying for the
interventional pain physician with the knowledge and
skill to provide injection therapy to patients with
these pain problems. US imaging and US-directed
injections of “epicranial” structures can increase the
likelihood of success.
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