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Background: Advances in the understanding of migraine trigger points have
pointed to entrapment of peripheral nerves in the head and neck as a cause of this
debilitating condition. An anatomical study was undertaken to develop a greater
understanding of the potential entrapment sites along the course of this nerve.
Methods: The posterior neck and scalp of 25 fresh cadaveric heads were dis-
sected. The greater occipital nerve was identified within the subcutaneous tissue
above the trapezius and traced both proximal and distal. Its fascial, muscular,
and vascular investments were located and accurately measured relative to
established bony landmarks.

Results: Dissection of the greater occipital nerve revealed six major compres-
sion points along its course. The deepest (most proximal) point was between the
semispinalis and the obliquus capitis inferior, near the spinous process. The
second point was at its entrance into the semispinalis. The previously described
“intermediate” point was at the nerve’s exit from the semispinalis. A fourth point
was located at the entrance of the nerve into the trapezius muscle. The fifth point
of compression is where the nerve exits the trapezius fascia insertion into the
nuchal line. The occipital artery often crosses the nerve, and this frequently
occurs in this distal region of the trapezius fascia, which is the final point.
Conclusions: There are six compression points along the greater occipital
nerve. These can be located using the data from this study, serving as a guide
for surgeons interested in treating patients with migraine headaches originating
in these areas. Long-term relief from migraine headaches has been demon-
strated clinically by using both noninvasive and surgical decompression of these
points.  (Plast. Reconstr. Surg. 126: 1563, 2010.)

igraine headache is a debilitating con-

dition that affect many patients—a re-

cent meta-analysis demonstrated that
the l-year prevalence of migraine headaches in
European patients is between 14 and 35 percent
in women and between 6 and 15 percentin men;
also, it was seen that an estimated 12 to 28
percent of all people suffer from migraines at
least once in their lifetime.! Migraine attacks
can be of such severity that all activity is
prevented.? Patients’ lives are negatively im-
pacted not only by the pain of acute attacks but
also between episodes, as there is great anxiety
over expected agony.**
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A multitude of treatments have been ex-
plored, primarily focusing on different pharma-
cologic agents. Recently, more interventional
methods have been shown to be efficacious in the
amelioration of migraine symptoms. In 1998, the
first report of the use of botulinum toxin type A for
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the treatment of tension headaches appeared in
the headache literature.” Neurologists began to
explore the use of botulinum toxin in patients
with migraine headaches, with some success.®’

At around the same time, it was demonstrated
that corrugator resection during aesthetic rejuvena-
tion of the brow led to an improvement in migraine
symptoms in almost 80 percent of patients with a
history of migraines.® In a prospective follow-up
study, over 55 percent of migraine patients experi-
enced complete resolution following corrugator re-
moval, with partial improvement in another 28 per-
cent. This exciting finding led to the notion of
peripheral nerve compression as a potential cause of
migraine headaches. Entrapment of the supraor-
bital nerve by the corrugator muscles was felt to be
a possible trigger of migraine headaches originating
in this region’; other sites were examined, and it was
found that there are atleast four separate peripheral
trigger sites: frontal,*~!! temporal,'"'? occipital, 1314
and nasal.'! Clinical experience with open and en-
doscopic surgical release of nerves in these regions
continues to demonstrate benefit for migraine pa-
tients. Because of the cost and the side effects of
prophylactic and abortive migraine medications, a
potentially permanent surgical treatment is clearly
an advantageous alternative.

In the occipital region, 62 percent of occipital
trigger region patients were demonstrated to have
total relief of migraine symptoms after open release
of greater occipital nerve entrapmentatits entry into
the semispinalis. Although this is an encouraging
result bringing benefit to this large group of patients,
it still leaves over one-third of patients in whom this
was inadequate.'* The three senior authors (J.EJ.,
I.D., and B.G.) have noticed other entrapment sites
of the greater occipital nerve during open surgical
release, and it was felt that there could be more sites
of compression along the course of the nerve. To
more fully elucidate these anatomical details, a ca-
daveric study was undertaken.

Twenty-five fresh cadaveric heads were ob-
tained from the Willed Body Program at the
University of Texas Southwestern Medical Cen-
ter in Dallas, Texas. Specimens used were be-
tween the ages of 42 and 86, and all bodies were
tested for human immunodeficiency virus and
other communicable diseases before com-
mencement of dissection.

The heads were placed in the prone position
in a Mayfield neurosurgical headrest and shaved.
The heads were marked with an indelible surgical
marker along a vertical line through the midline
and a horizontal line through the occipital pro-
tuberance, similar to the technique demonstrated
in the original Part I study on the greater occipital
nerve reported in 2004." A methylene blue—
tipped 16-gauge needle was passed through the
skin to mark the subcutaneous tissue along these
lines and at the occipital protuberance to allow
accurate measurements within the deeper layers.
Using these lines as incision markings, a no. 10
blade was used to cut down through the skin and
subcutaneous tissue. Flaps were raised at this level,
exposing the galea and trapezius. The greater oc-
cipital nerve was located and its surrounding fas-
cial inscriptions were found, measured, photo-
graphed, and noted. Bilateral trapezius flaps
were then elevated from the midline to expose
the greater occipital nerve and the deeper sple-
nius and semispinalis muscles. Great care was
taken not to disrupt any portion of the greater
occipital nerve or its surrounding musculofas-
cial or vascular interfaces. When the originally
described point of compression was located as
the nerve emerged from the semispinalis, the
nerve was followed down through this muscle,
through the splenius, and through the semispi-
nalis collis muscles to its exit from deep to the
obliquus capitis inferior muscle. It was also fol-
lowed distally to the nuchal line. All points of

Table 1. Anatomical Locations of the Compression Points of the Greater Occipital Nerve as It Courses from

Deep to Superficial in the Occipital Region

Distance from the Horizontal

Compression Lateral Distance from the Line through the Occipital
Point Description Midline (mm) Protuberance (mm)
1 Through the fascial band between the 20.13 77.38
obliquus capitis and the semispinalis
2 Entry into the semispinalis 17.46 59.71
3 Exit from the semispinalis 15.52 34.52
4 Entrance into the trapezius 24 21
5 Through the trapezius insertion 37.07 4.36
6 Occipital artery 30.27 (variable) 10.67 (variable)
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Fig. 1. Compression point 3, the originally described compres-
sion pointwhere the greater occipital nerve exits the semispinalis
muscle. Compression point 2, where the nerve is moving from
deep to superficial, entering the semispinalis and/or the fascia
surrounding the muscle, is also demonstrated.

compression of the nerve were found, mea-
sured, photographed, and noted. All data were
entered into a Microsoft Excel database (Mi-
crosoft, Inc., Redmond, Wash.), and means were
calculated for the distances from the horizontal
line through the protuberance and from the
midline (Table 1).

RESULTS

Fifty cranial halves (25 cadaveric heads) were
dissected in total. Seventeen heads were from

Greater occipital nerve
Semispinalis

Trapezius (cut)

Point #3

Trapezius (cut)

Sternocleidomastoid———

Video 1. Supplemental Digital Content 1 demonstrates
open decompression of the greater occipital nerve,
http://links.lww.com/PRS/A208. In this video, the surgeon is de-
compressing point 3 by usingarightangletorelease the nerveas
itrunsthrough the semispinalis by resectingamedial rectangular
portion of the muscle. A lateral wedge of semispinalis muscle will
also bereleased as part of the decompression of this point to fully
release the nerve from the surrounding musculature.

male donors and eight were from female donors.
The mean age of the cadaveric donors was 61
years. The greater occipital nerve was found in all
specimens.

Compression Points

The first point to note is the point that has
been described previously,'* where the nerve

Occipital artery
Greater occipital nerve

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 2. Schematic illustration depicting compression point 3, where the greater occipital nerve

exits from the semispinalis muscle.
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Fig. 3. Compression point 1, where the greater occipital nerve
exits from the deep fascia to wrap around the obliquus capitis.

emerges from the semispinalis capitis at approx-
imately 30 mm inferior to the occipital protu-
berance and 15 mm lateral to the midline
(point 3) (Figs. 1 and 2) (see Video, Supple-
mental Digital Content 1, which demonstrates
open decompression of the greater occipital
nerve, http://links.lww.com/PRS/A208). This is la-
beled the “intermediate” point, as we have now
found points both proximal and distal to this, and
from our current work it is located at an average
of 34.52 mm inferior to the line drawn through the

Greater occipital nerve

Obliquus capitis

C3 body

Sternocleidomastoid———

‘B Video Available Online

Video 2. Supplemental Digital Content 2 demonstrates

open decompression of the greater occipital nerve,
http://links.lww.com/PRS/A209.The surgeon is dissecting deep
to the semispinalis, opening up the fascia between this muscle
and the obliquus capitis inferior, which is point 1. As the portion
of semispinalis overlying the nerve is also subsequently excised,
these maneuvers serve to decompress points 1 through 3.

protuberance and 15.52 mm lateral to the mid-
line. There are five other potential sites that have
been elucidated in this study, two of which are
deeper than this and three that are more super-
ficial. The deepest (most proximal along the
course of the greater occipital nerve) potential
compression point exists within a tight fascia
that exists surrounding the belly of the obliquus
capitis inferior muscle near the spinous process:
this is located at an average of 77.38 mm inferior

Occipital artery
Greater occipital nerve

] ‘\M

-'—Trapezius Insertion (cut)

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 4. Schematic illustration depicting compression point 1, where the nerve exits from deep to
the obliquus capitis, wrapping around as it moves cranially and superficially.
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to the occipital protuberance and 20.13 mm
from the midline (Figs. 3 and 4) (see Video, Sup-
plemental Digital Content 2, which demonstrates
open decompression of the greater occipital
nerve, hitp://links.lww.com/PRS/A209). This is
point 1. More cranial and superficial to this deep-
est point exists point 2, an area where the nerve
can be impinged at its entrance into the deep
fascia underlying the semispinalis, or the muscle
itself, which is located approximately at 59.71 mm
inferior to the line through the protuberance and
17.46 mm from the midline (Fig. 5). Finally, there
are three more cranial and more superficial loca-
tions (relative to the originally described point 3)
where the nerve can be impinged. Point 4 is at its
entrance into trapezius, which is located at 21 mm
inferior to the horizontal line through the occip-
ital protuberance and 24 mm from the midline
(Figs. 6 and 7). The nerve then travels farther
cranial and lateral overlying the trapezius, and
then pierces the tendinous insertion of the trape-
zius into the nuchal line, which is point 5, the most
distal musculofascial compression point. This is
located at an average of 4.36 mm from the line
drawn through the protuberance and 37.07 mm
from the midline (Figs. 8 and 9) (see Video, Sup-
plemental Digital Content 3, which demonstrates
the operator releasing the nerve as it runs through
a fascial band within the trapezial tunnel, point 5,
http://links.lww.com/PRS/A210).

The greater occipital nerve was also seen to
run across the occipital artery in many specimens,
and the two often intertwined (Figs. 10 and 11)

Trapezius (cut)

Sternocleidomastoid———

(see Video, Supplemental Digital Content 4,
which demonstrates, the occipital artery being co-
agulated using bipolar cautery, in an effort to stop
flow through the artery at the point at which it
could be aggravating the occipital nerve; this is
point 6, http://links.lww.com/PRS/A211). This con-
stitutes the sixth point of potential compression,
although it is vascular rather than musculofascial.
It is located variably. Sometimes, it is located deep
to the trapezius, caudal to the horizontal line
through the occipital protuberance; in other spec-
imens, it has been noted distal and cranial to this
line, approaching the ear. The detailed results of
the investigation into the relationship between
these structures will be reported separately.

The greater occipital nerve is the medial
branch of the second cervical dorsal ramus. It has
awell-described course from its origin as it ascends
between the obliquus capitis inferior and the semi-
spinalis through the extensor muscles of the cer-
vical region along through the superficial subcu-
taneous areolar tissue, which lies above the
occipital galea. This is the first body of work that
focuses on the potential points of compression
along the path of this nerve. Six points of com-
pression were found in this study. There were five
nonvascular points where muscle or fascia poten-
tially entrap the greater occipital nerve; and there
was one vascular point, where the occipital artery
can cross, compress, or intertwine the nerve. The
deepest point (point 1) was just past the origin of

Occipital artery
Greater occipital nerve

\~— Trapezius Insertion (cut)

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 5. Schematic illustration depicting compression point 2, the entrance of the nerve into the

semispinalis muscle.
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Fig. 6. Compression point 4, where the nerve enters the sub-
stance of the trapezius muscle.

the nerve as it passes through a tight fascial band
sandwiched between the obliquus capitis inferior
and the semispinalis. As the nerve enters the semi-
spinalis muscle, it goes through another point of
tight inscription (point 2). A tight point of com-
pression is also noted as the nerve exits the semi-
spinalis, a point that has been noted previously
(point 3)."* As the nerve ascends into the trapezius
muscle, it encounters another area of entrapment
on entering this muscle (point 4). A fifth point was
found more superficial, cranial, and lateral, as the
nerve traverses the trapezius insertion at the nu-
chal line—the roof of the so-called trapezial tun-
nel. This has been noted as a region rich in lym-
phatic channels; also, the occipital artery often

Greater occipital nerve

Semispinalis

Sternocleidomastoid———

crosses the nerve in this region, representing the
sixth point of potential compression. This neuro-
vascular relationship is seen in variable posi-
tions. Sometimes, it is between points 4 and 5.
It was noted deep to the trapezius muscle but
more often overlying the trapezius muscle; it is
also sometimes seen in the subcutaneous tissues of
the occiput, just distal to point 5, within the tra-
pezial tunnel.'>! When there was a helical inter-
twining of the artery and nerve, this relationship
could extend nearly to the ear.

The findings in this study correlate well with
recent reports of the greater occipital nerve anat-
omy. The first part of this study, published in
2004, reported that the nerve emergence from
the semispinalis was at approximately 1.5 cm lat-
eral to the midline and 3 c¢m inferior to the oc-
cipital protuberance. A recent report from the
group of one of the senior authors (I.D.) on the
clinically relevant intraoperative anatomy of this
nerve demonstrated the same results: that point 3
is 14.9 mm lateral to the midline and 30.2 mm
inferior to the protuberance.’® In that report, the
authors also noted intraoperative findings of the
greater occipital nerve: in patients with increased
symptoms of chronic headache, the nerve lacked
a fascicular pattern, capillary flow, and seemed to
have a yellow-brown appearance.

Entrapment of a peripheral nerve causing a
regional pain syndrome is not a new concept.
Greater occipital neuralgia is a well-described but
little known syndrome that is even discussed as a
clinical corollary in Gray’s Anatomy.'” This is a

Occipital artery
Greater occipital nerve

\ — Trapezius Insertion (cut)

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 7. Schematic illustration depicting compression point 4, where the nerve enters

the trapezius.
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Occipital Artery

Trapezius (Reflected)

Fig. 8. Compression point 5, where the nerve travels through
the trapezius insertion.

chronic headache that occurs within the cutane-
ous sensory distribution of the greater occipital
nerve, and is often misdiagnosed as migraine
headache.'® 2" Its underlying cause is a neuritis
secondary to entrapment within the neck muscles
and/or the atlantoepistrophic ligament. Local
block of the greater occipital nerve is both diag-
nostic of and a treatment for this syndrome.?! It
must be noted, though, that occipital neuralgia is
a separate disorder from migraines secondary to
an occipital trigger. The former is a continuous
chronic headache, whereas the latter is episodic.

Greater occipital nerve—

Trapezius insertion—

Sternocleidomastoid———

‘B Video Available Online

Video 3. Supplemental Digital Content 3 shows the operator
releasing the nerve as it runs through a fascial band within the
trapezial tunnel (point 5), http://links.lww.com/PRS/A210. As
the surgeon releases the fascial band of the insertion of the tra-
pezius into the nuchal line, a greater occipital nerve/occipital ar-
tery intersection is found.

Furthermore, evidence of morbidity from pe-
ripheral nerve compression may be gleaned from
the literature on compartment syndrome. In this
highly morbid scenario, the tissue pressure falls
below perfusion pressure, and major nerves within
the involved fascial compartment are tightly com-
pressed and deprived of vital perfusion, albeit in
an acute setting.*** Acute intracompartmental
pressures of 30 mmHg are thought to be elevated

Occipital artery

Greater occipital nerve

-;Trapezius Insertion (cut)

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 9. Schematic illustration depicting compression point 5, where the nerve enters the tra-

pezius insertion.
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Fig. 10. Compression point 6, showing “single cross”-type rela-
tionships between the greater occipital nerve and the occipital
artery bilaterally.

to the point where the blood supply to the struc-
tures within the compartment is put in jeopardy.**
Basic science studies have shown that mechanical
loading on peripheral nerves leads to adverse ef-
fects in neuronal protein synthesis and transport
at pressures as low as 20 mmHg.®

Yet another example of peripheral nerve com-
pression is carpal tunnel syndrome. The current
understanding of carpal tunnel syndrome is that
the median nerve is chronically inflamed second-
ary to anoxic injury secondary to compression

Occipital artery

Point #6SC

Trapezius (cut)

Sternocleidomastoid———

‘B Video Available Online

Video 4. Supplemental Digital Content 4 shows the occipital art-
ery being coagulated using bipolar cautery, in an effort to stop flow
through the artery at the point at which it could be aggravating the
occipital nerve; this is point 6, http://links.lww.com/PRS/A211.

within the carpal tunnel.?® Symptoms of chronic
pain, weakness, and paresthesia are exacerbated
as intraneural and extraneural pressure rise in a
cycle of pressure, irritation, and inflammation.?’
Surgical release of the carpal ligament allows the
pressure surrounding the nerve to be alleviated,
correcting the situation.?

Further extending the current clinical logic
with the field of peripheral nerve surgery, it is

Occipital artery

Greater occipital nerve

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 11. Schematic illustration depicting compression point 6; different types of greater occipital
nerve-occipital artery relationships are shown. SC, single cross; H, helical intertwining.
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noted that multiple sites of compression along a
nerve is also not a new concept. The three major
nerves of the upper extremity all have multiple
sites where they can be compressed, and appro-
priate treatment of patients suffering from compres-
sion neuropathies often involves addressing more
than just one site.?*** The ulnar nerve and the radial
nerve both have six potential sites of compression;
the median nerve has five.*%® That there would be
multiple sites of compression along the path of an-
other peripheral nerve that arises from branches of
the spinal rami is intellectually consistent. Just as
effective treatment of upper extremity compression
syndromes often requires the surgeon to address
more than one site, the same may be true for chronic
migraines that have their cause in greater occipital
nerve compression.

Clinically, the senior authors (J.E.J., LD., and
B.G.) have performed more extensive release of the
greater occipital nerve for patients in whom libera-
tion of this nerve is indicated. More extensive de-
compression of this nerve across multiple potential
sources of entrapment has led to an average of al-
most 99 percentimprovementin reported headache
symptoms and an average of 81.5 migraine head-
ache—free days immediately postoperatively.?” These
lateral points of compression can be accessed
through either the vertical midline incision,
used by two of the senior authors (J.E.J. and B.G.),
or through bilateral transverse incisions well
within the hairline, used by another of the senior
authors (I.D.).

Migraine is a chronic disorder that primarily
affects adults during the prime earning years of
their life.” Secondarily, there is a large indirect
cost associated with migraines attributable to the
decreased productivity resulting from the debili-
tating nature of the attacks.* A permanent surgi-
cal solution to chronic migraine headaches would
obviously be a welcome addition to the treatment
of migraine headaches. Because of recent ad-
vances in the understanding of the anatomy of the
peripheral nerves in the head and neck, and in-
novative clinical applications of this understand-
ing, surgical release of nerve entrapment sites has
become a clinically efficacious reality. This study aids
in the surgeon’s understanding of the anatomy of
the greater occipital nerve, and more extensive re-
lease of this nerve is currently being performed.
Furthermore, prospective clinical studies are indi-
cated to assess the efficacy of more extensive releases
of this nerve, which are currently underway at three
different academic institutions (University of Texas
Southwestern Medical Center, Georgetown Univer-

sity Medical Center, and Case Western Reserve Uni-
versity School of Medicine).
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