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Background: Clinical experience with surgical decompression of specific pe-
ripheral nerves in the head and neck for the relief of migraine headache
symptoms has proven to be effective in most patients. Some patients, however,
continue to have residual symptoms after these procedures. In an effort to better
understand potential etiologies for failure of treatment, an investigation was
performed to determine whether or not vascular-mediated peripheral trigger
points exist that have heretofore been undescribed that may be contributing to
persistent symptomatology. One such potential trigger point is the superficial
temporal artery’s interaction with the auriculotemporal nerve. A cadaveric
investigation was performed to advance this anatomical understanding of this
relationship.

Methods: Both sides of 25 fresh cadaveric heads were dissected in the preau-
ricular and temporal regions. The superficial temporal artery and auricu-
lotemporal nerve were identified and dissected both proximally and distally.
Their relationship was examined, and a topographical map of their inter-
sections was generated.

Results: The auriculotemporal nerve and superficial temporal artery run together
in the superficial soft tissue in the preauricular and temple regions. A contiguous
relationship between the two was found in 17 hemiheads (34.0 percent).
Conclusions: There are variations in the relationship between the auriculotempo-
ral nerve and the superficial temporal artery. These variations may serve as an
anatomical explanation for this point as a source of migraine headaches in some
patients. A topographical map of the relationship between these two structures may
serve as a guide for surgeons interested in decompressing the nerve from the artery
when indicated. (Plast. Reconstr. Surg. 125: 1422, 2010.)

raditional teaching regarding the etiology of
migraine headaches has instructed that
there exists a centrally based trigger within
the brain.! Neurologists have recently begun to
focus on pathways between the central nervous
system and peripheral nerves in the head and
neck, specifically the trigeminal and greater oc-
cipital nerves.? In addition, plastic surgeons have
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demonstrated that many patients achieve mi-
graine relief with corrugator resection.>* These
findings may require reexamination of the classic
understanding of migraines, as these results sug-
gest that there may be a peripherally mediated
cause of migraine headaches’; this is not unlike
upper extremity compression syndromes, where
irritation, compression, or entrapment of periph-
eral nerves at one or several points along its course
results in significant symptomatology.®

This novel concept of peripheral “trigger
points” has led to a number of different clinical
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interventions. Injection of botulinum toxin has
been shown to be clinically effective,® albeit
only for the duration of its chemodenervation.
It has also been used as a diagnostic tool to
predict surgical success.>!’ Surgical decompres-
sion has led to significant migraine relief in a
majority of patients, specifically release of the
supraorbital, supratrochlear, zygomaticotempo-
ral, and greater occipital nerves.'!!?

Despite these early successes, however, there
remain some patients who do not respond—
symptomatic improvementis seen in some while
others get no durable relief. Guyuron et al. have
reported that corrugator resection leads to im-
provement in symptoms in over 80 percent of
patients, with complete resolution in 55
percent.® The occipital region was found as an-
other trigger point region, and decompression
of the greater occipital nerve has been shown to
cure 62 percent of migraine patients.'”® Al-
though these results are very good, with long-
term relief brought to many patients, there are
still patients who do not benefit from this in-
tervention. This begs the question as to whether
these patients’ migraine are (1) of a central
genesis, (2) another headache type misdiag-
nosed as migraine, (3) from a trigger point that
has undergone incomplete surgical decompres-
sion, or (4) from a trigger point that has not
been addressed atall. The third and fourth third
possibilities have led to further anatomical in-
vestigations for other potential peripheral trig-
ger points, as well as investigation into whether
previously described trigger points have more
than one area of compression along their
course."*1% Specific attention has also been paid
to the relationship between these peripheral
nerve and adjacent arteries that may intersect or
intertwine with these nerves in such a way as to
cause irritation and therefore trigger a migraine
headache.

The senior authors on this article (J.E.J. and
I.D.) have seen patients in whom the main com-
plaint in terms of pain appears to be the high
temple region. Release of the zygomaticotem-
poral and supraorbital nerves has led to symp-
tomatic relief in many of these patients, but a
minority of patients have not seen the benefit of
this procedure. It was postulated that the auri-
culotemporal nerve, which is a branch of the
trigeminal nerve and located specifically in this
region, could be a source of migraine pain. It is
further surmised that in these patients there
may be an intersection of the superficial tem-
poral artery and auriculotemporal nerve caus-

ing irritation. To more fully elucidate the rela-
tionship between these two structures, an
anatomical study was designed and executed.

Although the anatomy of the auriculotem-
poral nerve has not been widely discussed, the
general course of the nerve is well understood.
It is a branch of the third division of the tri-
geminal nerve, which enters the facial soft tissue
within the superficial substance of the parotid
gland posterior to the region overlying the tem-
poromandibular joint. It can often divide into
more than one branch as it moves over the pos-
terior portion of the zygomatic arch and travels
cranially within the layers of temporoparietal
fascia. The auriculotemporal nerve provides cu-
taneous sensation to the tragus and anterior
portion of the ear, along with the posterior por-
tion of the temple. In addition, it provides sym-
pathetic innervation to the scalp and parasym-
pathetic innervation to the parotid gland.

Surgeons and anatomists have dissected this
nerve in some detail in the regions of the infra-
temporal fossa and the temporomandibular joint.
It has been demonstrated that the nerve has one
branch in 50 percent of specimens, while multiple
branches (up to four) can be presentin the other
50 percent of specimens.!” Occasionally, connect-
ing branches may be seen between the nerve and
both the inferior alveolar nerve and facial nerve
branches in this region. In the region of the tem-
poromandibular joint, the nerve passes medially
to this structure. It has been shown to be closely
related to the upper portion of medial side of the
mandibular condyle and the capsule of the joint.'®
Although the anatomy of this nerve in its more
proximal regions has been previously explored, its
course within the soft tissues of the temple and its
relationship with the superficial temporal artery
have not been elucidated.

The intimate relationship between the auri-
culotemporal nerve and the superficial temporal
artery is not a new concept. In Gray’s Anatomy, the
nerve is described as having connections with the
facial nerve, which may loop around the transverse
facial and superficial temporal vessels.'? It was re-
cently demonstrated that the auriculotemporal
nerve occasionally has two branches that surround
the middle meningeal artery when they exist
in this pair.'® The anatomical location, extent, and
the different phenotypic arrangements of these
relationships, however, have not been meted out.
The close anatomical relationship between the
auriculotemporal nerve and the superficial tem-
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poral artery has not been examined in depth; that
relationship is the focus of the project disclosed in
this article.

Twenty-five fresh cadaver heads were ob-
tained from the Willed Body Program at the
University of Texas Southwestern Medical Cen-
ter, in Dallas, Texas. All donors were between
the ages of 42 and 86 years and were tested for
human immunodeficiency virus and other com-
municable diseases.

The heads were shaved and stabilized in a
Mayfield neurosurgical headrest in the supine po-
sition. A horizontal line from the nasion through
the lateral orbital rim was drawn with a surgical
marker; a ruler was used to extend this line
through the inferior temple. A methylene blue-
tipped 16-gauge needle was passed through the
skin to mark the subcutaneous tissue along this
line for accurate measurements during dissection.
A surgical marker was then used to mark a line
vertically through the facial midline from the na-
sion through the menton.

A no. 15 blade was used to make an incision
through a standard preauricular face lift incision,
and the superficial musculoaponeurotic system
was identified and dissected over the zygomatic
arch. The superficial temporal artery and the au-
riculotemporal nerve were identified at this level
and dissected cranially. The structures were widely
exposed and their relationship was examined.
Their intimate relationship was measured in
length, measured from the previously noted ana-
tomical landmarks, and photographed.

For better visualization, the superficial tem-
poral artery was dissected proximally, ligated,
and cannulated with a 24-gauge butterfly cath-
eter (0.7-mm diameter; BD Insyte; Becton Dick-
inson S.A., Madrid, Spain). Lead oxide stained
with red dye was heated and injected into the
arteries. This was allowed to set, and photo-
graphs were taken.

All data were put into a Microsoft Excel data-
base (Microsoft, Inc., Redmond, Wash.). Means
and standard deviations were calculated for the
distances from the horizontal line through the
nasion-lateral orbital rim and from the midline, as
well as for the length of the relationships between
the artery and nerve.

The preauricular and temple regions of both
sides of 25 fresh tissue cadaveric heads were dis-
sected. Seventeen of these heads were from male
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cadaveric donors, and eight were from female do-
nors, with an overall mean age of 61 years (range,
50 to 81 years). The auriculotemporal nerve and
superficial temporal artery were found in all 50
hemiheads.

The superficial temporal artery was always
located first, running within the substance of the
superficial temporal fascia. The auriculotempo-
ral nerve was found in the upper preauricular
area after its travel posterior to the area over-
lying the temporomandibular joint and over the
posterior portion of the zygomatic arch. Some-
times more than one branch of the nerve ex-
isted. The nerve was always found to be lateral
to the artery in the upper preauricular region of
the temple. As the artery and nerve coursed
more cranially, they became slightly more su-
perficial, lying on top of the superficial temporal
fascia, with the nerve often arborizing into two
branches (Fig. 1). A direct relationship was
found between the two structures in 17 speci-
mens (34.0 percent). When present, this inter-
section was found at a distance of 107.88 mm
lateral to the midline (SD, 17.73 mm) and 37.53
mm cranial to the continuation of the horizon-
tal line from the nasion through the lateral or-
bital rim (SD, 15.29 mm) (Fig. 2). This relation-
ship was mnearly always a short, discrete
intersection (n = 15; 88.2 percent) (Fig. 3);
however, in two cases there was a helical inter-
twining of the two structures (11.8 percent)
(Fig. 4). These relationships had a mean length
of 21 mm, with a mean beginning at 123 mm
lateral to the midline and 25 mm cranial to the
nasion-lateral orbit line and a mean ending at
117 mm lateral to the midline and 38 mm cranial
to the nasion-lateral orbit line (Table 1).

The auriculotemporal nerve—superficial temporal
artery relationship has been implicated as a trig-
ger point for migraine headaches. In 34.0 per-
cent of the cranial halves investigated in this
study, there was found to be a direct relationship
between this artery and nerve. Because of the
anatomical location of this relationship, which
was always found to be in the soft tissues in the
temple region, it would be readily amenable to
surgical treatment through ligation of the artery
(proximal and distal) through a small incision
within the temporal hairline. This is suggested
as a possible new procedure to induce migraine
cure in patients with refractory migraines in
whom the high temple region is felt to be a
trigger point.
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Fig. 1. Dissection in the left temple region. The flap has been dis-
sected deep to the temporoparietal fascia. The superficial temporal
fat padliesdown.The auriculotemporal nerve can be seen crossingon
top of the superficial temporal artery. This illustrates a “single cross”
type of nerve-artery relationship.
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Fig. 2. Dissectionintherighttemple.The superficial temporal artery
and auriculotemporal nerve are wrapping around each other. This

illustrates an “intertwining” type of nerve-artery relationship.

The anatomical details revealed in this in-
vestigation demonstrate that the auriculotem-
poral nerve has a potential compression site
when it has a relationship with the superficial
temporal artery. This relationship is demon-
strated to be very intimate when present; at some
sites, there is a helical intertwining of the nerve
around the artery. With some patients complain-
ing of symptoms generating from this region, it
stands to reason that this may represent a pe-
ripheral trigger point that has gone unde-
scribed. This may also represent a reason for
failure of prior treatment in some patients.

The anatomical relationships between this
nerve and surrounding arteries are clearly of in-

terest. Many migraine headaches are described as
being “pulsatile” in nature. Perhaps that could be
caused by pulsatile irritation of these nerves by
intimately adjacent arteries, such as that described
here, and the greater occipital nerve—occipital ar-
tery interaction.'® The fact that the nerve-artery
relationship does not exist in all individuals, and
that when it does, it has a variable relationship,
may explain why some people have migraine head-
aches seemingly originating from this region
whereas others do not. This is not the only ana-
tomical site where there is variability in a nerve-
artery relationship. Other recent anatomical stud-
ies from this group implicate the occipital artery
as being a potential site of entrapment and irri-
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Fig. 3. Illustration depicting the mean location for the intersec-
tion of the auriculotemporal nerve and superficial temporal ar-
tery. Thisroughly corresponds with the locus of migraine genesis
that many patients with a temple region trigger point have.

tation for the greater occipital nerve.'® In 54.0
percent of specimens, it was found that there is a
relationship between these structures. About 70
percent of these intimate anatomical relationships
were of the helical type, whereas approximately 30
percent were a single cross.

This is not the first article in which the data
described may indicate that there could be an
arterial genesis of neurological pain symptoms.
Oral and maxillofacial surgeons are experienced
in the realm of the management of facial pain
syndromes, and some authors in this body of lit-
erature have suggested that some orofacial pain
may have its mechanism in the neurovascular en-
trapment of the maxillary artery and inferior al-
veolar nerve.? Specifically, some authors have sug-
gested that when standard techniques for the
relief of trigeminal neuralgia are ineffective, the
intimate relationship between these two structures
may be at fault.?!*?

The auriculotemporal nerve has been impli-
cated in other pain and neurological syndromes as
well. Auriculotemporal neuralgia is a well-recog-
nized headache disorder characterized by parox-
ysmal attacks of pain in the preauricular area,
sometimes spreading over the temple region.*
Frey’s syndrome is gustatory sweating, which is an
occasional complication of parotid surgery. This is
caused by aberrant regeneration of innervation;
after surgical division, the sympathetic fibers to
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the scalp grow to innervate the parotid gland
and the parasympathetic fibers innervate the
scalp. This aberrancy leads to “gustatory sweating,”
in which instead of producing saliva, the patient
sweats while eating.

Other branches of the trigeminal nerve have
been shown to be involved with tic doloureaux,
which is a painful neuralgia in a region of the face
that receives its sensory innervation from the tri-
geminal nerve. Patients with Frey’s syndrome have
sometimes also had a concomitant onset of tic
doloureaux, demonstrating the possibility that in-
jury to the auriculotemporal nerve can cause pain
symptoms in regions innervated by more proximal
portions of the trigeminal nerve system.?*

The potential weakness in this study is that it
was carried out in fresh tissue cadavers from pa-
tients who had died in old age. Clearly structural
anatomical data are clinically translatable; how-
ever, it must be noted. Perhaps in vivo anatomical
study would augment these findings. Duplex ul-
trasound or high-resolution magnetic resonance
imaging might allow us to ascertain these rela-
tionships in vivo and also allow for dynamic study
of their interaction during facial animation. As
well, we did not specifically investigate whether or
not there was any difference in female versus male
specimens. This may be an important point, as
female patients are much more likely than males
to suffer from migraine headaches. It is felt, how-
ever, that this incidence is likely related to hor-
monal, rather than structural, differences between
the sexes.

Continued investigation into the detailed
anatomy of the peripheral branches of the trigem-
inal nerve is warranted, as this will yield more
information concerning potential compression
points and sites where nerve irritation may occur.
The existence of multiple sites of compression
along the path of peripheral nerves in the head
and neck is anatomically consistent, with experi-
ence in peripheral nerve decompression else-
where in the body (for example, upper extremity
compression syndromes).?® It is probable that sur-
gical decompression of multiple sites will be nec-
essary for clinical relief of migraines in some pa-
tients, just as it is frequently needed for patients
with upper extremity compression syndromes.?*?’
Whether these compression points are intersec-
tions with contractile muscle, tight fascial bands,
or intersections with adjacent structures, such as
arteries, is largely irrelevant in the strictest terms,
as they merely represent different “flavors” of com-
pression, irritation, or entrapment. What makes
identification of these points of potential com-
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Fig. 4. Dissection in the right temple. Again, the superficial tem-
poral artery and auriculotemporal nerve are seenin the “intertwin-
ing” type of nerve-artery relationship.

Table 1. Results of Dissection

Facial Halves

Nerve-artery relationship found
Mean intersection distance lateral to

n =50
17/50 (34%)

midline 107.88 mm
Mean intersection cranial to horizontal
line from nasion through orbital rim 37.53 mm

pression relevant is how they are addressed. If
muscle, it can be chemodenervated as a test, and
then subsequently surgically decompressed. If fas-
cia, it can be surgically released. If arterial, it can
be ligated or embolized to remove its effect on the
adjacent peripheral nerve.

CONCLUSIONS

Due to the clinical failure of surgical decom-
pression of the supraorbital, supratrochlear, and
zygomaticotemporal nerves in some patients with
frontal and/or temporal trigger point migraines,
and due to persistent clinical symptoms of pain in
the temple and scalp region, an anatomic inves-
tigation into the relationship between the auricu-
lotemporal nerve and superficial temporal artery
was performed. In 25 fresh cadaveric heads, it was
found that there is an intimate relationship be-
tween the nerve and artery in 34 percent of all
facial halves. In some cases, this was a brief inter-
section, whereas in others, the relationship was a
series of intertwining loops around each other. It
is proposed that this nerve may serve as a trigger
point for migraine headaches in some patients
and that ligation of the superficial temporal artery
proximal and distal to this intersecting region may
give full decompression in these patients. Further

clinical work is needed to assess whether this will
yield more success; future studies will be directed
toward examining this region for other potential
sites of compression.
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