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Introduction

Neurologists have strongly dlsputed what the defining clin-
ical features of cervicogenic headache are. This entity, how-
ever, cannot be validly defined using conventional clinical
criteria, such as those that apply to migraine or cluster
headache. Cervicogenic headache shares too many features
in common with other forms of headache for it to be
defined in terms of the location of pain| its quality,
periodicity, or associated features [1,2].

The singular defining criterion for cervicogenic headache

is that it is pain perceived in the head but whose source lies
in the cervical spine. The diagnosis of cervicogenic headache,
therefore, relies on establishing a source of pain in the neck,
using reliable and valid diagnostic techniques.

Physiologic Basis

The pathophysiology of cervicogenic headache has not
been explicitly demonstrated. However, there is sufficient
circumstantial evidence that the fundamental mechanism
must be convergence. When primary afferents from two
topographically separate regions of the body converge on

the same second-order neuron in the spinal cord, nocicep-
tive activity along one of the afferents can be perceived as
pain arising in the territory of the other afferent.

In the context of cervicogenic headache, the convergence
must be between nerves that innervate the head and nerves
that innervate the cervical spine, This is not simply a matter of
convergence between trigeminal and cervical afferents, for the
head is innervated not only by the trigeminal nerve but also
by cervical nerves. The occiput and regions as far forward as
the coronal suture are innervated by the greater occipital
nerve, the lesser occipital nerve, and the greater auricular
nerve. Consequently, cervicogenic headache perceived in the
forehead or orbital region requires convergence between
trigeminal and cervical afferents, whereas cervicogenic head-
ache perceived in the occiput requires convergence between
certain cervical and other cervical afferents.

Anatomic studies in laboratory animals have revealed that
the central terminals of the upper three cervical nerves overlap
extensively [3,4]. In particular, the C2 spinal nerve not only
ramifies in the grey matter of the C2 spinal cord segment but
also sends ascending collaterals to the C1 segment, and
descending collaterals to the C3 segment. The C3 spinal
nerves express an analogous pattern of ascending and
descending collaterals. The terminals of the C1 spinal nerve,
however, are restricted to their own segment. This overlapping
distribution of terminals allows for convergence between
afferents from C1 and C2, and C2 and C3. Additionally, the
spinal tract of the trigeminal nerve descends past the C1 and
C2 segments, to end opposite at least to the C3 segment and
perhaps as far caudally as the C4 segment [5,6]. From the
tract, terminals of trigeminal nociceptive afferents ramify in
the grey matter of the C1 to C3 spinal cord segments. This
pattern of distribution allows for convergence between
trigeminal afferents and afferents from any of the upper three
cervical spinal nerves, and perhaps even the fourth.

Physiologic studies in laboratory animals have explicitly
demongtrated convergence between trigeminal and cervical
afferents. Neurons in the spinal cord can be found that
respond to electrical stimulation both of the trigeminal nerve
and of the cervical nerves. An earlier study showed conver-
gence between the trigeminal nerve and afferents in the C1
dorsal roots [7]. A more recent study showed convergence
between afferents from the superior sagittal sinus and affer-
ents in the greater occipital nerve [8].

382



‘ Cervicogenic Headache: Anatomic Basis and Pathophysiologic Mechanisms ® Bogduk

383

Anatomic Basis

The overlap between terminals of the trigeminal nerve and
those of the upper three cervical nerves provides the
substrate for the possible sources of cervicogenic headache.
Any structure innervated by any of the upper three cervical
spinal nerves could be a source of headache if the central
terminals of its nerve supply converged with trigeminal
afferents, or with cervical afferents from the occiput.
Consequently, the peripheral distribution of the C1 to C3
spinal nerves constitutes the anatomic basis for the differ-
ential diagnosis of cervicogenic headache.

C1

The C1 spinal nerve is peculiar, or at least unique, in that it
lacks the same form and pattern of branching shared by
other cervical nerves. Also, it has been misrepresented as
lacking a sensory distribution/ That mistake has arisen
because of a misrepresentation ¢ the fact that it often "lacks"
a dorsal root ganglion. The &irect observation is that in
some 20% of cases the C1 spinal nerve lacks a dorsal root,
but in those cases dorsal root ganglion cells can be found
among the roots of the spinal accessory nerve [9]. The correct
interpretation, therefore, is not that C1 lacks sensory fibers
but that its sensory ganglion is sometimes ectopic.

An additidnal error has been the inference that because
the C1 spinal nerve lacks a cutaneous distribution, it must
not be sensory. Although this nerve is not normally distrib-
uted to skin, it is nonetheless sensoryto deep somatic tissues
in the suboccipital region. Through its dorsal ramus it inner-
vates the short muscles of the suboccipital triangle {10].
Through its ventral ramus and the cervical plexus it contrib-
utes to the innervation of the prevettebral muscles, and to the
sensory innervation of the sternocleidomastoid muscle and
trapezius. Its ventral ramus passes behind and just below the
atlanto-occipital joint, to which it furnishes articular
branches [11]. Its recurrent meningeal branch (the C1 sinu-
vertebral nerve) joins those from C2 and C3 to supply the
median atlantoaxial joint and its ligaments, as well as the
dura mater of the upper cervical spinal cord [12]. Further-
more, the C1, C2, and C3 sinuvertebral nerves extend
through the foramen magnum to innervate the dura mater
over the clivus in the posterior cranial fossa [12].

Sensory fibers from the vertebral artery are found in the
plexus of nerves that accompany the artery—the vertebral
nerve [13]. From the vertebral artery in the posterior
cranial fossa, sensory fibers have been traced to the dorsal
root ganglion of C1 [14]. '

C2
The ventral ramus of the C2 spinal nerve joins the cervical
plexus, through which it supplies the prevertebral muscles,
and the sternocleidomastoid muscle and trapezius. As it
passes behind the lateral atlantoaxial joint it furnishes
articular branches to this joint [11,15].

The C2 dorsal ramus supplies the splenius capitis and
the semispinalis capitis [10]. Its medial branch emerges

from the semispinalis capitis to become the greater occipi-
tal nerve, which supplies the skin over the occiput. In this
regard, modern studies, involving blocking the C2 spinal
nerve or'sectioning its dorsal roots, have shown that the
entire cutaneous distribution of C2 is represented in the
greater occipital nerve [16¢]. The C2 dermatome, therefore,
coincides with the distribution of the greater occipital
nerve. C2 is not represented in the cutaneous distribution
of the greater auricular and transverse cervical nerves.
These nerves contribute only to the C3 dermatome.

The sinuvertebral nerve of C2 joins those of C1 and C3
to supply thé median atlantoaxial joint and the transverse
ligament of the atlas, along with the membrana tectoria. It
also supplies the spinal dura mater and the dura mater
over the clivus [12]. Other meningeal branches from the
lateral walls of the posterior cranial fossa, and from the
inferior surface of the tentorium cerebelli, join the
meningeal branches of the vagus, glossopharyngeal, and
hypoglossal nerves, but leave these cranial nerves in the
neck to join the cervical plexus, and ultimately terminate at
the C2 segment and adjacent segments of the spinal cord.

Although it has not been explicitly demonstrated, it is
possible, and seems reasonable, that sensory fibers from
the vertebral artery and from the internal carotid artery
reach the C2 spinal nerve, through the cervical plexus. Such
an innervation is necessary to explain the perception of
neck pain in patients with aneurysms of either the vertebral
artery or the internal carotid artery.

C3

The ventral ramus of C3 joins the cervical plexus and inner-
vates the prevertebral muscles. The dorsal ramus of C3 inner-
vates various posterior neck muscles [10]. Its lateral branch is
distributed to the splenius capitis and cervicis, and to the
longissimus capitis. Its deep medial branch supplies semi-
spinalis cervicis and multifidus. Its superficial medial branch,
known as the third occipital nerve, supplies the semispinalis
capitis and becomes cutaneous over the suboccipital region.
Immediately after its origin the third occipital nerve curves
around the lateral and posterior aspects of the C2-3 zygapo-
physeal joint. As it crosses this joint it is embedded in the
fascia surrounding the joint capsule, and supplies articular
branches to the joint [10].

The sinuvertebral nerve from C3, like those of C1 and C2,
innervates the atlantoaxial ligaments and the dura mater of
the spinal cord and divus. However, this nerve also innervates
the 2-3 intervertebral disc from its posterior aspect [17].
Other branches to the disc stem from the ventral ramus of C3.
These include branches from the vertebral nerve at C3 and
branches from the nerves to the prevertebral muscles [17].

Catchment area

Systematically listed, the structures that could possibly be a
source of cervicogenic headache are summarized in
Table 1. This list is comprehensive but theoretic. Not all
the structures have been implicated by clinical studies.
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Table 1. The possible sources of cervicogenic headache, listed according to innervation and type of
structure

However, several have beenS{own to produce headache
when stimulated experimentally, and several have been
shown to be sources of headache in clinical studies.

Normal Volunteers ‘
In normal volunteers, several structures innervated by the
upper three cervical nerves have been shown to be capable of
producing referred pain in the head when experimentally
stimulated with a noxious stimulus. These include the upper
cervical muscles, and the upper cervical synovial joints.
Cyriax [18] first showed that stimulation of the sub-
occipital muscles with injections of hypertonic saline
could produce referred pain ih the head. The more
cephalad the site of stimulation the closer to the forehead
did the pain project. These findings were reinforced by
extensive studies by Campbell and Parsons [19]. System-
atically, these investigators stimulated the periosteum
around the occipital condyles by dry needling, and stimu-
lated the paramedian muscles of the neck, from suboccipi-
tal levels to C4-5, with injections of hypertonic saline. They
-found that suboccipital stimuli often produced referred
pain in the orbital and frontal regions, but as the site of
stimulation progressed caudally, the incidence of frontal
referral decreased, and the site of referred pain receded to
the occipital and suboccipital regions. Feinstein et al. [20]
showed that stimulation of the paramedian muscles above
the C1 vertebra produces frontal and orbital pain.
Dreyfuss et al. [21¢] stimulated the atlanto-occipital
and lateral atlantoaxial joints with intra-articular injections
of contrast medium at sufficient pressure to distend their
capsules until pain was evoked. The pain was perceived in
the occipital and suboccipital regions. Dwyer et al. [22¢]
stimulated the C2-3 zygapophyseal joints in a similar man-
ner, and found that pain was perceived in the occipital
region. Stimulation of lower cervical zygapophyseal joints
did not refer pain to the head. The observations of Dwyer
et al. [22¢] were confirmed by Fukui et al. [23], who used a

combination of intra-articular injections and electrical
stimulation of the medial branches of the cervical dorsal
rami to map the distribution of pain from the
cervical zygapophyseal joints.

Other structures have not been studied in the same
manner in normal volunteers. It remains speculative, but
theoretically reasonable that stimulation of the vertebral
artery, the internal carotid artery, the dura mater, the
median atlantoaxial joint, and the atlantoaxial ligaments
should also produce referred pain in the head.

Clinical Studies

Complementing the studies in normal volunteers are the
results of clinical studies in patients with headache in
which particular structures innervated by the upper three
cervical nerves have been either stimulated to aggravate the
headache or selectively anesthetized in order to relieve the
headache. These studies used highly selective, target-
specific techniques, and should be distinguished from
studies that used unreliable or nonspecific techniques,
such as palpation, to establish a cervical source of pain.

Two studies have reported that in some patients with
headache, the pain can be reproduced by stimulation of
the C2-3 intervertebral disc, but not lower discs [24,25].
This constitutes prima facie evidence that this disc could be
a source of cervicogenic headache, but the problem arises
of false-positive inferences. Patients with pain can suffer
hypgeralgesia, such that noxious stimulation of any
structure in the painful, neurologic segment might repro-
duce or aggravate their pain. That observation in itself does
not necessarily implicate the stimulated structure as the
singular or primary source of pain.

More compelling are the results of studies in which
headache has been relieved by anesthetizing certain
cervical structures. In this regard, the criterion is complete
relief of headache. Partial relief of pain is insufficient
evidence that the anesthetized structure is the source of
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pain, for it begs the question: if the structure really is the
source of pain why does the pain not stop completely if
and when.the structure is anesthetized? Also, the responses
to anesthetic blocks are far more compelling if the blocks
have been performed with controls. Uncontrolled blocks
do not exclude a false-positive, alias placebo, response.

Ehni and Benner [26] reported complete relief of head-
ache in patients with osteoarthritis of the lateral atlantoaxial
joints following periarticular local anesthetic blocks of those
joints. Busch and Wilson [27] reported relief of headache in a
small number of patients following intra-articular blocks of
either the atlanto-occipital or the lateral atlantoaxial joints.
Neither of these studies, however, used control blocks. Thus,
their results.provide only prima facie evidence that these
joints might be sources of cervicogenic headache.

Others have used nerve blocks in the investigation of
putative cervicogenic headache. They report complete relief
of headache following azesthetization of either the C2
spinal nerve or the greafer occipital nerve [28,29]. How-
ever, because control blocks were not used, the responses
constitute only prima facie evidence of a cervical source.
Moreover, nerve blocks are not specific in that they do not
identify the actual source of pain. They show only that the
pain is mediated by the nerve which is anesthetized.

The strongest evidence on the possible sources of cervi-
cogenic headache comes from studies in which the C2-3
zygapophyseal joint has been anesthetized under
controlled conditions. Lord et al. [30ee] used highly selec-
tive blocks of the third occipital nerve in order to anesthe-
tize the C2-3 zygapophyseal joint. They used comparative
local anesthetic blocks, in which on separate occasions the
nerye was anesthetized, under double-blind conditions,
with local anesthetic agents with different durations of
action. The criteria for a positive response were that
complete relief of pain occurred on both occasions that the
nerve was blocked and that the relief was longer lasting
when the longer-acting agent was used. They found that
among patients with headache following whiplash, the
headache could be completely abolished in over 50% of
cases if the C2-3 joint was anesthetized. In another study,
Lord and Bogduk [31] reported that the C3-4 zygapophy-
seal joint could also be a source of cervicogenic headache,
but far less commonly than the C2-3 joint.

Conclusions
Although many clinical studies fall short of the scientific
rigor now required to identify a source of pain, the data from
clinical studies are concordant with results of studies on
normal volunteers. They show that various joints in the
upper cervical spine can be sources of headache. The studies
of normal volunteers have additionally implicated the upper
cervical muscles, although no controlled studies have
convincingly demonstrated if or how often muscles are the

¢

primary source of cervicogenic headache. In all instances,
however, the structures implicated as sources of headache are
all ones innervated by the upper three cervical nerves.

These data provide a foundation for the differential
diagnosis and investigation of putative cervicogenic head-
ache. The definition of cervicogenic headache requires that
a cervical source of pain be established. The experimental
data indicate that the source will lie somewhere amongthe
structures innervated by the upper three cervical nerves.
The definitive diagnosis of cervicogenic headache, there-
fore, rests on determining which of these structures is the
source. This cannot be done reliably and validly by history

"and clinical examination, nor by medical imaging. At

present, controlled diagnostic blocks of putative sources of
pain are the only secure means of determining that source.
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