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A B S T R A C T

Objective. Clinical observation has suggested the presence of ventral cervical extra-articular pain
pathways in patients with C1–C2 joint pain. However, the existence of ventral innervation to the
C1–C2 joint has not been documented. The objective of this study was to determine whether
ventral innervation to the lateral C1–C2 joint exists, and to describe its relational anatomy.

Design. Gross and microscopic dissection was performed on 11 embalmed human cadavers. Wire
segments were placed on identified ventral plexus nerves and radiographic imaging obtained in
multiple planes. Histologic staining of prevertebral plexus nerves was performed with Osmium and
compared with tissue controls.

Results. A superficial and deep cervical prevertebral plexus was identified terminating in the ventral
joint capsule of the C1–C2 joint in all cadavers examined (21 sides). The location of the deep
cervical prevertebral plexus was consistent within the C2 ventral gutter. Osmium staining confirmed
the presence of myelin in plexus specimens.

Conclusion. In this study, two cervical prevertebral plexuses (superficial and deep) were identified
that have not previously been described. Terminal branches of the plexuses entered the ventral joint
capsule of the lateral C1–C2 joint and were seen approaching the dens. Findings provide and
explanation for the clinical observation that electrical stimulation in the C2 ventral gutter can
reproduce headache in patients with C1–C2 joint pain.
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Introduction

Two lines of evidence implicate the lateral
atlanto-axial joints as a source of upper cervi-

cal pain and headache. In normal volunteers,
noxious stimulation of these joints with injections
of contrast medium produces pain in the suboccipi-
tal region and occiput [1]. In some patients with
headache, anaesthetizing the lateral atlanto-axial
joint with peri-articular [2] or intra-articular [3–7]
injections of local anaesthetic relieves pain in the

occipital region and pain referred variously to the
parietal, temporal, and frontal regions of the head.

Although local anaesthetic blocks can be used to
diagnose pain stemming from the lateral atlanto-
axial joints, the means by which to treat it have not
been firmly established. According to two descrip-
tive studies, headaches stemming from the lateral
atlanto-axial joints can be relieved by arthrodesis
of the joints [8,9], but this is a major undertaking
for patients whose joints are otherwise stable and
whose only symptom is neck pain or headache.
Simpler means of treatment have remained elusive.

The dorsal lateral atlanto-axial joint capsule
receives several articular branches from the ventral
ramus of C2, which crosses the posterior aspect of
the joint capsule [10], and the sinuvertebral nerve
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[11,12]. However, the proximity of these articular
branches to the C2 spinal nerve precludes the con-
sideration of percutaneous radiofrequency neuro-
tomy due to the risk of damage to this large spinal
nerve. Extirpation or percutaneous rhyzolysis of the
C2 ganglion is an unappealing option because of
the numbness that it produces and the risk of sub-
sequent anaesthesia dolorosa [13]. Intra-articular
injections of corticosteroids have been advocated
[7], but their efficacy has not been tested in a
controlled trial, and intra-articular injection of
corticosteroid has been refuted in a controlled trial
for zygapophyseal joint pain [14].

In an effort to explore alternative means of
treating atlanto-axial joint pain, one of the present
authors undertook a pilot study [15]. This study
involved 18 patients, whose headache was relieved
by intra-articular blocks of the lateral atlanto-axial
joint. As a preparation for radiofrequency treat-
ment, percutaneous sensory stimulation, with a
22G electrode, was used to identify possible pain
pathways from the joint, in these patients. Low-
voltage stimulation over the ventral aspect of
the vertebral body of C2, near its junction with the
transverse process (Figure 1) reproduced the
patient’s headache. Injection of contrast medium
at this site opacified a diagonally orientated space,
congruent with the concave gutter that marks
the anterolateral aspect of the C2 vertebral body
(Figure 2). The C2 ventral gutter is bounded
medially by the C2 vertebral body, dorsally by the
base of the C2 transverse process, ventrally by
the belly of the longus cervicis, laterally by the

anterior intertransversarius, and caudally by the
anterior tubercle of the C3 transverse process. It
is separated from the C2–3 intervertebral foramen
by a tough connective tissue membrane (Figure 3).

All 18 patients underwent controlled blocks of
the C2 ventral gutter, using sufficient local anaes-
thetic (0.5–0.7 mL) to fill the gutter. Blocks were
considered positive if short-lasting relief occurred

Figure 1 C2 ventral gutter: image of upper cervical spine,
ventral aspect. Shaded area denotes C2 ventral gutter.
Gray arrow simulates an electrode and points to where
electrical stimulation typically reproduced headache.

(A)

(B)

Figure 2 Fluoroscopic images of an injection of contrast
medium (arrow) into the ventral gutter. (A) Antero-posterior
view. (B) Lateral view.
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after a short-acting agent (lidocaine) was used, and
if long-lasting relief occurred after a long-acting
agent (bupivacaine) was used.

Six patients had headache only, which was
relieved by blocks of the C2 ventral gutter. They
subsequently underwent radiofrequency thermo-
coagulation of the C2 ventral gutter. After a mean
follow-up period of 21 months, four experienced
90–100% relief of headache, one experienced
60–90% relief, and one had less than 60% relief.

Twelve patients had neck pain as well as head-
ache. Blocks of the C2 ventral gutter relieved their
headache, yet not their neck pain; but their neck
pain was relieved by blocks of cervical medial
branches. These patients underwent combined
radiofrequency thermocoagulation both of their
C2 ventral gutter, and the medial branches respon-
sible for their neck pain. After a mean follow-up
period of 15 months, six patients experienced
90–100% relief of headache, two experienced
60–90% relief, and four had less than 60% relief.

An anatomical basis for these clinical observa-
tions is lacking. Textbooks of anatomy provide no
description of nerves in the C2 gutter. Nor does
any description appear in the journal literature.
Classical descriptions portray the upper cervical
ventral rami as forming the cervical plexus over

the anterior surface of the scalenus medius [16].
In the plane of the prevertebral fascia, anterior to
longus cervicis and the anterior tubercles of the
transverse processes, grey rami communicantes
leave the sympathetic trunk and reach the upper
cervical rami [16,17]. Outside the intervertebral
foramina, branches of the ventral rami and grey
rami join to form the vertebral nerve [18–20],
which accompanies the vertebral artery, and gives
rise to the upper cervical sinuvertebral nerves
[19–21]. Otherwise, the cervical ventral rami are
understood to innervate the longus cervicis and
longus capitis [16] but details of the course and
location of these nerves are lacking. In addition,
although studies have demonstrated an innerva-
tion to the atlanto-occipital and lateral atlantoaxial
joints from their dorsal aspects [10], there is no
evidence that these joints received any innervation
from their ventral aspects.

The present study was undertaken to explore an
anatomical basis for the apparent sensitivity of the
C2 vertebral gutter to noxious stimulation, and its
role in apparently producing relief of headache
ostensibly stemming from the lateral atlanto-axial
joint following the creation of radiofrequency
thermal lesions. The results extend our knowledge
of the innervation of the upper cervical spine and
lateral atlanto-axial joints.

Methods

Dissections were performed on embalmed cadav-
ers from the gross anatomy program of the Uni-
versity of New England College of Osteopathic
Medicine (Biddeford, ME). Cadavers were
selected from those used by students, provided
that the anterior cervical structures including the
longus capitis, the lateral atlantoaxial joint cap-
sules, and the structures medial to the middle
scalene were intact. Six additional cadavers were
used for subsequent microscopic dissection of the
neck. Gross dissection was performed using an
illuminated magnifying lens (1.5¥) and operative
loupes (Zeiss, 4¥) in five cadavers (10 sides).
Microscopic dissections were performed with the
aid of a 10–40¥ binocular surgical microscope with
fiber-optic illumination (Weck, Nikon optics) in
six cadavers (11 sides).

In specimens with the occiput intact, the head
was carefully disarticulated at the atlanto-occipital
joint, with the ventral joint capsule preserved as
much as possible. In every specimen, the ventral
rami of the C2, C3, and C4 spinal nerves were
identified and carefully freed from surrounding

Figure 3 A dissection of the connective tissue membrane
that separates the C2 ventral gutter from the C2–3 inter-
vertebral foramen. The arrows point to the membrane.
C3 = ventral ramus of C3 spinal nerve; l. cerv = longus
cervisis muscle; ant tub = anterior tubercle of C3 transverse
process; C1–C2 = ventral articular capsule of lateral C1–C2
joint; vessel = penetrating artery entering C2 ventral gutter
through the connective tissue membrane.
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connective tissue and vessels. The cervical viscera
were removed, preserving the prevertebral muscu-
lature. The longus capitis was identified and
removed fascicle by fascicle with fine-tip forceps.
Branches arising from segmental spinal nerves
were carefully identified, and their course exposed
relative to the intertransversarii, longus cervicis,
longus capitis, vertebral artery, C2 ventral gutter,
and the ventral capsule of the lateral atlanto-axial
joint. The medial and lateral bands of the longus
cervicis were removed, fascicle-by-fascicle, permit-
ting small branches to these muscles and deeper
structures to be carefully identified and preserved.

At each stage of dissection, digital photographs
were taken (Nikon D100, 28–105 mm Nikkor
Macro lens, 60 mm or 105 mm Nikkor Micro lens
with PK-13 extension tube) and immediately
downloaded to an on-site laptop computer. Digital
images were labelled as recorded utilizing digital
imaging software (Adobe Photoshop, Seattle,
WA). In 10 sides following gross dissection, fine
wire segments were shaped to conform to the
nerves in the C2 ventral gutter, and carefully laid
directly on these nerves. The specimens were then
placed on a radiolucent table and fluoroscopic
radiographs (Zhiem Vista, Riverside, CA) were
obtained in the anterior-posterior and lateral pro-
jections. Radiographic images were printed as
acquired on transparency film and stored as digital
bitmap images on removable magnetic media
(Iomega 250 MB Zip drive) for subsequent trans-
fer to on-site laptop computers.

Once a consistent pattern emerged from gross
dissection, microscopic dissection was performed
to identify the relationships of the superficial and
deep cervical prevertebral plexuses with the verte-
bral artery, deep prevertebral musculature, spinal
nerves, and the capsules of the ventral atlanto-
occipital and atlanto-axial joints. Following expo-
sure of the C1, C2, and C3 ventral gutters, the
anterior tubercles of segmental transverse pro-
cesses were carefully removed with fine-tip bone
ronguers under microscopic visualization. To
further delineate the relationships of the deep cer-
vical prevertebral plexus with the vertebral artery,
the transverse process and part of the vertebral
body of C2 and the lateral aspect of the lateral
atlanto-axial joint was also removed.

In one intact specimen not used by students,
dissection from the skin to the superficial and deep
cervical prevertebral plexuses was performed
under the microscope without disarticulating the
occiput. The cervical sympathetic trunk and other
cervical plexuses were carefully preserved, and

communicating branches and gray rami carefully
exposed. Superficial and deep cervical prevertebral
plexuses were subsequently harvested and rinsed
with distilled water to remove embalming chemi-
cals, then stained with a 1% Osmium solution.
Tissue whole mounts were prepared and cover
slipped with glycerol. Examination was done with
a Leitz microscope at 250–400¥ magnification.
For histological controls, Osmium-stained sec-
tions of epimysium, small vessels, adipose tissue,
and strands of diaphanous connective tissue were
compared with samples of brachial plexus.

Results

During the early phases of the dissections, the
familiar cervical plexus and the plexus accompany-
ing the carotid arteries were identified. However,
once these were mobilized or resected, deeper dis-
section revealed two further plexuses.

Deep to the longus capitis and ventral to the
anterior tubercules of the cervical transverse pro-
cesses and intervertebral foramina, branches from
the C1–3 ventral rami formed a superficial cervical
prevertebral plexus, consisting of numerous inter-
connecting arcades (Figure 4). Some of the later-
ally located branches from this plexus terminated
in the longus capitis and longus cervicis. Others
ascended along the ventral aspect of the anterior
intertransversarius, over the ventral capsule of the
lateral atlanto-axial joint and toward the ventral
capsule of the atlanto-occipital joint. Medially
located branches of the plexus passed ventral or
through the bellies of the anterior intertransverse
muscles at C2–C3 and C3–C4, and ascended
toward the dens, superficial to the ventral surface
of the longus cervicis at the level of C2. Some of
these ascending branches formed loops along the
ventral surface of the longus cervicis and commu-
nicated with the lateral branches of the plexus.
Other medial branches supplied twigs to the inter-
transversarii and longus cervicis, before sending
penetrating branches either between the bellies of
these muscles or through the belly of the longus
cervicis to reach a deeper plexus lying in the
ventral gutter of C2.

The deep cervical prevertebral plexus was
located deep to the longus cervicis and within the
periosteum of the C2 vertebral body in its ventral
gutter (Figure 5). Nerves composing the deep
plexus primarily arose from the ventral ramus of
C3, and passed medially, superficial to the verte-
bral artery, in close association with nerves of the
vertebral plexus. After passing over the vertebral
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artery, these nerves entered the fascia covering the
C2 ventral gutter, after penetrating a tough con-
nective tissue membrane that separated the ventral
neural foramen from the gutter, and ascended
medially to enter the ventral capsule of the lateral
atlanto-axial joint and the anterior atlanto-axial
membrane.

The superficial cervical prevertebral plexus was
seen in all 21/21 sides dissected. Variations of

the plexus were seen, including medially oriented
branches from the ventral C3 ramus that passed
over the anterior tubercle of the C3 transverse
process, as well as branches that passed caudal to
the anterior tubercle, ventral to the C3–C4 ante-
rior intertransversarius, before ascending over the
longus cervicis toward the dens.

At least one nerve was identified representing
the deep cervical prevertebral plexus in all 21/21
sides examined. In 12 sides, more than one nerve
was identified. Small arteries arising from the
vertebral artery were also seen in the C2 ventral
gutter, but typically travelled medial to the nerves
of the deep cervical prevertebral plexus. In two
sides, a contribution to the deep plexus appeared
to arise primarily from the vertebral plexus. In a

Figure 4 Superficial cervical prevertebral plexus: the
superficial cervical prevertebral plexus (black arrows) can
be seen arising from the C3 ventral ramus (large white
triangle) and lies superficial to the ventral aspect of the
longus cervicis (l. cerv) and intertransversarius (ait). More
laterally located branches of the plexus can be seen bridg-
ing the ventral rami of C2, C3, and C4 (white arrows). Ant
tub = anterior tubercle of C3 transverse process.

Figure 5 Deep cervical prevertebral plexus: branches of
the deep cervical prevertebral plexus (white arrows) can be
seen within the C2 ventral gutter. The longus cervicis
(l. cerv) is retracted medially to expose the gutter. Branches
from the plexus terminate along the ventral joint capsule of
the lateral C1–C2 joint (C1–C2). A vein can be seen as well
(black arrow). Ant intertrans = anterior belly of the C2–C3
intertransversarius muscle; C3 = C3 ventral ramus.
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further two sides, the deep cervical prevertebral
plexus was formed either solely by a contribution
from the C4 ventral ramus, or by both the C3 and
C4 ventral rami. The C4 contribution travelled
cephalad in the C3 ventral gutter, before entering
the C2 gutter. In six sides studied microscopically,

the deep cervical prevertebral plexus communi-
cated with the plexus of the vertebral artery.

Radiographic imaging of wires placed over the
deep cervical prevertebral plexus in the C2 ventral
gutter demonstrated a consistent pattern with
regard to identifiable bony landmarks (Figure 6).

Figure 7 Histology of the deep and
superficial cervical prevertebral
plexus. All specimens stained with 1%
Osmium. (A) Photomicrograph of a
whole mount of a prevertebral nerve
of the deep cervical prevertebral
plexus in the ventral gutter of C2 illus-
trating axon-like profiles (100¥). (B)
Photomicrograph of portions of the
superficial cervical prevertebral
plexus between C3 and C4 (100¥)
illustrating axon-like profiles. (C) Pho-
tomicrograph of the origin of the deep
cervical prevertebral plexus at the
ventral ramus of C3 illustrating dense
bundles of wavy axons (100¥). (D)
Histological control comparison pho-
tomicrograph of a blood vessel
(arrows; 100¥). (E) Histological
control comparison photomicrograph
of skeletal muscle (100¥). Note clearly
visible striations. (F) Histological
control comparison photomicrograph
of connective tissue (perimycium)
illustrating randomly directed poorly
staining collagen bundles (40¥).

(A)

(C)

(B)

(D)

(E) (F)

Figure 6 Fluoroscopic wire study:
wire segments placed on the deep
cervical prevertebral plexus are
imaged in the anterior-posterior and
lateral planes in a representative
cadaveric specimen.
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The segments of wire followed a medial and ceph-
alad course along the ventral lateral aspect of the
C2 vertebral body, medial to the transverse
process of C2, approaching the ipsilateral base of
the dens and its articulation with the anterior arch
of C1.

Histology

Osmium stained samples of the deep and superfi-
cial cervical prevertebral plexuses revealed wavy
bundles of fibres containing darkly staining glob-
ules of myelin characteristic of poorly fixed degen-
erating nerve tissue. These bundles could be
traced for considerable distances along the nerves
of the plexuses (Figure 7).

Discussion

The two prevertebral plexuses identified in the
present study have not previously been described.
Presumably, anatomists previously had no call to
explore the detailed distribution of prevertebral
branches of the upper cervical ventral rami, being
satisfied that they simply supplied the prevertebral
muscles. In contrast, the present study was
prompted by clinical interest in pain ostensibly
stemming from the lateral atlanto-axial joint.

In that regard, the present dissections demon-
strated that, in addition to supplying prevertebral
muscles, terminal branches of both the superficial
and deep cervical prevertebral plexuses reach the
ventral capsule of the lateral atlanto-axial joint
(Figure 8). Under the microscope, these terminal
branches were seen to attach firmly to the joint
capsule. Histological examination of these nerves
proximal to the joint confirmed their neural iden-
tity. However, difficulties inherent in staining
embalmed material precluded histological confir-
mation of actual entry of these nerves into the
joint capsule or the specific types of nerve fibres
within these plexuses. Nevertheless, the consistent
and close proximity of these nerves to the joint
provides circumstantial evidence that the lateral
atlanto-axial joint receives a ventral innervation.
Moreover, this innervation stems from the ventral
ramus of C3 and sometimes possibly also from C4.
This has not been reported previously. To date, the
joint has been regarded as having only a dorsal
innervation [10–12]. The differential contribution
of ventral or dorsal innervation with regard to
chronic pain arising from the joint remains to be
determined.

The present anatomical data provide explana-
tions for the clinical observations that prompted
the study. The presence of nerves in the C2 ventral
gutter correlates with sensations being evoked by
a stimulating electrode placed in the gutter. The
putative distribution of these nerves to the lateral
atlanto-axial joint corresponds with the evoked
sensation being reproduction of headache in
patients previously shown to obtain relief of pain
following intra-articular blocks of the lateral
atlanto-axial joint. This also correlates with the
relief of headache following the injection of local
anaesthetic into the C2 ventral gutter. The tight
physical boundaries of the gutter explain why
contrast medium remains well contained when
injected into the gutter. In particular, the fibrous
membrane between the gutter and the C2–3 inter-
vertebral foramen prevents spread of injectate
into the foramen and the longus cervicis covering
the gutter prevents spread into the prevertebral
muscles and prevertebral space. These anatomical
features render the C2 ventral gutter a suitable

Figure 8 A summary sketch of the SCPP and DCPP. The
prevertebral muscles and connective tissues have been
removed, leaving only the bones and joints as landmarks.
The arcade branches of the SCPP are shown together
with their principal branches that lie ventral to the anterior
intertransversarii and longus cervicis, and their terminal
branches to the lateral atlanto-axial joint. The DCPP is
depicted, arising from the C3 ventral ramus, and lying in the
C2 prevertebral gutter, deep to longus cervicis. This plexus
communicates with the C4 ventral ramus and with the
superificial plexus. Terminal branches pass to the lateral
atlanto-axial joint. SCPP = superficial cervical prevertebral
plexus; DCPP = deep cervical prevertebral plexus.

Lateral C1–C2 Joint 7



target point for selective diagnostic blocks of the
nerves to the ventral capsule of the lateral atlanto-
axial joint.

All of these features provide an anatomical
foundation for the exploration of the clinical
utility of procedures involving the C2 ventral
gutter. In the light of previously presented pilot
studies [15], clinical studies could explore the yield
of ventral diagnostic blocks of the atlanto-axial
joint in patients with headache, and the efficacy of
radiofrequency coagulation of the cervical prever-
tebral plexus nerves. However, it is not the role of
this study to describe how this should be done, as
the skills and precautions necessary are vital and
distinct. Percutaneous procedures in the cranio-
cervical junction—including access to the C2
ventral gutter—must be performed with great
caution and a thorough understanding of rela-
tional anatomy to avoid injury to nearby cervical
viscera, vessels, and nerves.
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