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This report defines the C2 and C3 pain dermatomes by the distribution of: the hypalgesia clearing after surgical root
decompression; the dysaesthesias produced by electrical root stimulation; and the hypalgesia produced by
anaesthetic root block. The C2 pain dermatome, so defined, consists of an occipital parietal area 6-8 cm wide,
ascending paramedially from the subocciput to the vertex. The C3 pain dermatome is a craniofacial area including
the scalp around the ear, the pinna, the lateral cheek over the angle of the jaw, the submental region and the lateral
and anterior aspects of the upper neck. These C2 and C3 pain dermatomes do not overlap and are smaller than
the C2 and C3 tactile dermatomes described in the literature. • C2 nerve, C3 nerve, cervical radiculopathy,
cervicogenic headache, dermatomes
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Dermatomes vary as a function of the methods used for their definition. The C2 and C3 dermatomes have been
variously defined based on embryonic development (1-3), herpetic eruptions (4), areas of vasodilatation resulting
from nerve root stimulation (5), and the areas of tactile sensation remaining after rhizotomies of caudal roots (5).
These dermatomes are referred to, respectively, as embryonic, herpetic, vasodilatation and tactile dermatomes.
Pain dermatomes, defined by areas of hypalgesia associated with nerve root lesions, have also been described but
not for C2 and C3 (6). This study defines the C2 and C3 pain dermatomes in a personal series of 17 patients. Four
methods are used: Microsurgical root decompression, rhizotomy, nerve root electrical stimulation (preceding
anaesthetic root block), and diagnostic anaesthetic nerve root block.

Methods

Microsurgical root decompression

The data from six patients presenting with radicular pain and a hypalgesic sensory deficit which cleared
completely after microneurosurgical de-compression of the C2 (three patients) and C3 roots (three patients) have
been used for this study. The technique for pre- and postoperative testing for cutaneous areas of hypalgesia and
analgesia is described below.

Rhizotomy

Two patients underwent a microsurgical unilateral C2 rhizotomy, one intradural and one extra-dural.
Preoperatively, neither patient had a cephalic hypalgesic deficit. Postoperatively, hypalgesic or analgesic areas
were mapped.

Nerve root electrical stimulation

In seven patients undergoing a diagnostic C2 or C3 nerve root block a 5 mm uninsulated tip 20 gauge Radionics
needle electrode was used. Before injecting the xylocaine through this needle to produce the root block the needle
electrode was stimulated with a Radionics Stimulator at 50 cps 1 msec duration. The voltage threshold for eliciting
any sensation, the threshold for disagreeable sensations and the area to which the dysaesthetic sensations were
referred were determined. The threshold for eliciting any sensations was used to position the needle tip as close to
the nerve as feasible. Four patients underwent C2 root stimulation. On a different day two of these patients also
underwent C3 root stimulation. Three patients underwent only C3 root stimulation, one patient received stimulation
of the right and left C3 nerve root on separate days.

Anaesthetic nerve root block

A C2 nerve root block was performed in six patients using a method similar to one previously described (7).
With the patient lying on his/her side, the needle, inserted posteriorly, is guided to the C2 root and ganglion region
using high-resolution fluoroscopy. When the needle tip was close to the nerve root, as determined by electrical
stimulation thresholds or mechanically elicited radicular dysaesthesias, 0.4-1.0 ml of 1% xylocaine with epinephrine
(adrenaline) was injected. Resulting areas of dense hypalgesia or analgesia were mapped.

A C3 nerve root block was performed in eight patients, one bilaterally. With the patient supine the needle was
inserted antero-laterally through the C2-3 foramen until the tip was just rostral to the C3 pedicle. After injecting
0.6-1.3 ml 1% xylocaine the resulting areas of dense hypalgesia or analgesia were mapped.



Mapping areas of cutaneous hypalgesia

Multiple sequential pinpricks applied at right angles to the surface area being tested were used to define cutaneous areas of dense
hypalgesia (pinprick perceived as 1-4/10 compared with 10/10 in control areas) or areas of analgesia (inability to discriminate finger tip
and pinprick from only finger tip). The transition zone between dense hypalgesia or analgesia and normalgesia was tested and marked at
multiple points on the patient's scalp or skin. Using measurements these points were transferred to standard lateral and posterior
drawings of the head. These points were connected in each case to delineate the area of sensory loss.

Results

C2 pain dermatome

C2 root decompression in three patients resulted in complete clearing of their preoperative hypalgesic sensory deficit. The least
extensive of these deficits is presented in Fig. 1A, the intermediary patient in Fig. 1B and the patient with the most extensive
preoperative deficit shown in Fig. 1C. In all three patients the densely hypalgesic area cleared within 20 days postoperatively.

Electrical and mechanical stimulation of the C2 nerve root elicited dysaesthesias confined to the areas subsequently rendered
hypalgesic by the anaesthetic nerve root block, except in two patients reporting dysaesthesias in the ipsilateral retro-orbital region.

The extremes of the area rendered densely hypalgesic following C2 anaesthetic nerve root block on the six patients are shown in Fig.
2A, B. The distribution of the analgesia produced in the patient undergoing an extradural C2 rhizotomy is shown in Fig. 2C. AP and
lateral X-rays showing the needle tip position for an effective C2 root block is shown in Fig. 3A, B.

C3 pain dermatome

C3 root decompression in three patients resulted in complete clearing of the preoperative hypalgesic sensory deficit. The
preoperative deficit for each patient is illustrated in Fig. 4A, B, C. These deficits cleared completely postoperatively by 9, 5 and 17 days,
respectively.

C3 root electrical and mechanical stimulation elicited dysaesthesias referred most frequently to the area behind the ear under the
pinna. Three patients, at suprathreshold stimulation, reported sensations referred to the ear itself, angle of the jaw and along the
mandible to the chin. No patient reported dysaesthesias referred to trigeminal regions.

The extremes in the size of the area rendered densely hypalgesic by C3 root block in the eight patients are shown in Fig. 5A, C. An
intermediary deficit is shown in Fig. 5B. AP and lateral X-rays showing the needle tip position for a C3 root block are shown in Fig. 3C,
D.

Relation of C2 and C3 pain dermatomes

The C2 area of maximal hypalgesic sensory loss, shown in Figs. 1C, 2B, C, does not overlap with the area of maximal C3 hypalgesic
sensory loss, shown



in Figs. 4B, 4C, 5C, except occasionally for a small area in the suboccipital region. Two patients underwent a
C2 block, followed days later, by an ipsilateral C3 block. The C2 and C3 hypalgesic and analgesic areas
produced in each patient were within I cm in contiguous zones but did not overlap in either patient.

A composite diagram of the C2 and C3 pain dermatomes, resulting from the current methods, is
presented in Fig. 6.

Discussion

The first estimations of the C2 and C3 dermatomes, by Luciani in 1891 (1), Bolt in 1898 (2) and Edinger in
1904 (3), were based on the migration of embryonic lines of segmental innervation. Herpetic eruptions were
used by Head in 1910 (4) to estimate the C3 dermatome. To date, however, virtually all diagrams of the C2
and C3 dermatomes, including those associated with Keegan's diagram of the lower cervical pain
dermatomes (6), represent the C2 and C3 tactile dermatomes described by Foerster in 1932 (5). Foerster
defined the C2 and C3 dermatomes as "tactile" dermatomes based on the area of remaining sensibility to
touch after caudal cervical rhizotomies. The C2 tactile dermatome was delineated after combined
rhizotomies of C3, C4 and C5; and the C3 tactile dermatome defined as the additional area of tactile
sensibility remaining after combined rhizotomies of C4, C5 and C6 (Fig. 6A).

These C2 and C3 tactile dermatomes differ in their distribution from the C2 and C3 pain dermatomes
defined in the current study (Fig. 6). The C2 pain dermatome consists of an occipital parietal area 6-8 cm
wide and ascending paramedially from the subocciput to the vertex. Inferiorly the C2 pain dermatome is
usually 6 cm wide; superiorly 7-8 cm. It extends anteriorly to a line on the scalp intersecting a coronal plane
through the external auditory canal. The C3 pain dermatome is a craniofacial area including the scalp above
and behind the ear, the medial and usually most of the lateral surface of the pinna, the lateral cheek over the
angle of the jaw, the sub-mental region and the lateral and anterior aspect of the upper neck. In the
suboccipital region these C2 and C3 pain dermatomes may overlap in some individuals. These upper cervical
pain dermatomes extend precisely to the borders of the dermatomal areas supplied by the first, second and
third divisions of the trigeminal nerve, except in the circular area around the external auditory meatus-an area
described as innervated by the seventh cranial nerve.



Using the current methods there has been no evidence of a distinct C1 pain dermatome, consistent with the fact that C1 dorsal root fibres are
sparse and rarely present in man.

In conclusion, different syndromes of cephalic pain have been related to upper cervical disease and specifically to the C2 and C3 nerves-most
notably by Sjaastad (8, 9), Jansen (10) and others (7, 11-17). The current definition of the C2 and C3 pain dermatomes may assist in the diagnosis of
these different syndromes of cervicogenic craniofacial pain.
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