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Abstract The aim of this study was to demonstrate the
incidence of absence of the posterior root of the Wrst cervi-
cal nerve, and the relation between the accessory nerve and
the posterior root of the Wrst cervical nerve in Turkish pop-
ulation. Dissections of the accessory nerve and the posterior
root of the Wrst cervical nerve were performed in 49 speci-
mens from 27 formalin Wxed cadavers (25 male and 2
female). The type of the connections between the accessory
nerve and the posterior root of the Wrst cervical nerve was
classiWed into four types. Type III was the most common
type in present study (30.6%). There was a connection
between the accessory nerve and the posterior root of the
Wrst cervical nerve in this type. The connections demon-
strated in this study are important in the etiology and surgi-
cal treatment of the spasmodic torticollis.

Keywords First cervical nerve · Posterior root · 
Accessory nerve · Connection · Anatomical study

Introduction

Cervical dorsal roots have a thickness ratio to the ventral
roots of 3:1, which is greater than in other regions. The Wrst

dorsal root is an exception, being smaller than the ventral
and it is known to be sometimes absent [7, 11, 12]. How-
ever, the posterior root of Wrst cervical nerve was observed
regularly in some previous reports [4, 6, 7].

The connections of the spinal accessory nerve with the
posterior root of the Wrst cervical nerve have been recog-
nized since the Wrst report by Kazzander in 1891 [9]. The
anatomic relationship of the posterior root of the Wrst cervi-
cal nerve with the accessory nerve was classiWed into four
types in Israelis, Germans and Koreans [4, 6, 7].

The aim of this study was to demonstrate the incidence
of absence of the posterior root of the Wrst cervical nerve,
and the relation between the accessory nerve and the pos-
terior root of the Wrst cervical nerve in Turkish population.

Materials and methods

The anatomy of the cranial–cervical region was examined
under a dissection microscope (Möller-Wedel Spectra, Ger-
many) attached with a color digital camera (Sony DXC-
S500) in Ege University, Department of Anatomy. Dissec-
tions of the accessory nerve and the posterior root of the
Wrst cervical nerve were performed in 49 specimens from
27 formalin Wxed cadavers (25 males and 2 females). The
nuchal muscles and vertebral arch were removed. Dura
mater and arachnoid mater were dissected vertically on the
posterior aspect. The formation and course of the accessory
nerve were followed on both sides from its most caudal
point to the jugular foramen. The intradural posterior roots
of Wrst cervical nerve were also followed. Five sides could
not be used because of the damages on the structures during
anatomical dissection courses. The specimens without signs
of previous surgery or any other abnormality in the regions
of interest were accepted for the present study. Anatomic
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analysis of the connections between the accessory nerve
and the posterior root of the Wrst cervical nerve was done.

Results

The type of the connections between the accessory nerve
and the posterior root of the Wrst cervical nerve was exam-
ined using the criteria of Hagenah et al. [4] and the connec-
tions were classiWed into four types (Fig. 1).

Type I The posterior root did not exist (Fig. 2). The
absence of the posterior root of the Wrst cervical nerve was
seen in 14 specimens (28.6%).

Type II The posterior root of the Wrst cervical nerve was
present and there was a crossing with the accessory nerve
but no connection between the accessory nerve and the Wrst
cervical nerve exist (Fig. 3). This type was observed in nine
specimens (18.4%).

Type III There was a connection between the accessory
nerve and the posterior root of the Wrst cervical nerve in 15
specimens (30.6%) (Fig. 4). This connection was between

the posterior root of the Wrst cervical nerve and the acces-
sory nerve in 11 of 15 (22.4%) specimens via a branch
(type IIIa) (Fig. 4c, d). The connection was extradural in
one specimen of 11 (2%). The connection was at the cross-
ing point between the posterior root of the Wrst cervical
nerve and the accessory nerve in four specimens (8.1%)
(type IIIb). The connection was in the subarachnoidal space
in one specimen of these four (2%) (Fig. 4a) and on the
inner surface of the arachnoid mater in three specimens
(6.1%) (Fig. 4b).

Type IV There was a connection between the posterior
root of the Wrst cervical nerve and the accessory nerve but
the posterior root ended at this connection point and did not
enter the spinal cord. This type was seen in 11 specimens
(22.4%) (Fig. 5).

The same type was observed on both sides in 17 cadav-
ers. Seven of them had type I, three of them had type II,
four of them had type III and three of them had type IV.

The vertebral artery was anterior to accessory nerve and
denticulate ligament in all specimens. The posterior spinal
artery was anterior to accessory nerve in most of the
specimens. It was posterior to accessory nerve in a few
specimens.

Fig. 1 Schematic drawings of the relationship between the posterior
root of the Wrst cervical nerve and accessory nerve

Fig. 2 Type I. Absence of the posterior root of the Wrst cervical nerve.
XI accessory nerve, C2 posterior root of the second cervical nevre, sc
spinal cord, dl denticulate ligament
123
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Discussion

According to the Kumaki’s report [5] the posterior root of
the Wrst cervical nerve was absent in 6% of 100 Japanese
specimens. This rate of absence of the posterior root of the
Wrst cervical nerve was quite low from other studies
(Table 1). When present, the connection between the pos-
terior root of the Wrst cervical nerve and the accessory nerve
was determined in all specimens without exception in this
study (94%). Leary et al. considered that the complete
absence of the posterior root reXected a focal developmen-
tal anomaly within the neural crest [10].

The relationship between the posterior root of the Wrst
cervical nerve and the accessory nerve was classiWed into
four types in Israelis [7], Germans [4] and Koreans [6]. The
types of connections showed some variations according to
race. The results from diVerent studies and present study
were shown in Table 1. The most common type was type
III in the studies except the studies of Ouaknine and Nathan
[7] and Freckmann et al. [2].

Spasmodic torticollis is due to involuntary contraction of
cervical muscles. Selective peripheral denervation is cur-
rently the primary surgical treatment [1]. Freckmann and
Hagenah [3] found the connections between the posterior
root of the Wrst cervical nerve and the accessory nerve more
frequently in spasmodic torticollis patients.

Regarding these four diVerent types, the following possi-
bilities were proposed by Ouaknine and Nathan [7], and
Hagenah et al. [4]. Sensory provision was taken over by the

Fig. 3 Type II. No connection between the accessory nerve and the
posterior root of the Wrst cervical nerve. XI accessory nerve, C1 poster-
ior root of the Wrst cervical nerve, asterix posterior spinal artery, sc
spinal cord, dl second tip or digitation of the denticulate ligament

Fig. 4 Type III. a Connection 
point (arrow) between the acces-
sory nerve and the posterior root 
of the Wrst cervical nerve in the 
subarachnoid space. b Connec-
tion point (arrow) between the 
accessory nerve and the poster-
ior root of the Wrst cervical nerve 
(1) on the internal surface of 
arachnoid mater. c and d Con-
nections between the accessory 
nerve and the posterior root of 
the Wrst cervical nerve via anas-
tomotic branches (arrows). XI 
accessory nerve, C1 posterior 
root of the Wrst cervical nerve, 
C2 posterior root of the second 
cervical nerve, sc spinal cord, va 
vertebral artery
123
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posterior root of second cervical nerve in type I; the sensory
Wbers followed their normal route by way of the posterior
root of the Wrst cervical nerve in type II; the sensory Wbers
follow can either pass by way of the posterior C1 root cen-
trally or, after anastomosis with the accessory nerve, they
can run centrally by way of the spinal rootlets of the acces-
sory nerve in type III; and the sensory Wbers of the posterior
C1 root reached the central nervous system by way of the
spinal rootlets of the accessory nerve in type IV [6].

Ouaknine and Nathan [7] performed the dissections of
50 accessory nerves and posterior roots of the Wrst and
second cervical nerves in 25 cadavers. The connections
between the posterior root of the Wrst cervical nerve and
the accessory nerve Wtted into four main types in this
study also. The Wndings were symmetrical in 64% of the
cadavers. This Wnding was very similar with the present
study. The types were symmetrical in 63% of our
cadavers.

The connections between the posterior root of the Wrst
cervical nerve and the accessory nerve might carry the

proprioceptive aVerents from the motor supply area of the
accessory nerve to the spinal cord. Alternatively, it is posi-
ble that aVerents from the supply area of the posterior root
of the Wrst cervical nerve might reach the spinal cord via the
connections and the part of the accessory nerve that is cra-
nial to the connection. Schneider et al. [9] emphasized that
proprioceptive aVerents of the sternocleidomastoid and tra-
pezius were not directed to the cerebrum via the peripheral
part of the accessory nerves but via the anterior branches of
the spinal nerves C1–C5. The connections between the pos-
terior root of the Wrst cervical nerve and the accessory nerve
connect important nerve structures for control and move-
ment of the head. Some authors suggested that the acces-
sory nerve carried sensory Wbers and pain Wbers [7, 13].
The other hypothesis might be that the accessory motor
Wbers join the posterior root of the Wrst cervical nerve by
the connections.

There was no posterior root of the Wrst cervical nerve
that enter the spinal cord but with a spinal ganglion in type
IV. Because of this reason, it might be considered that there

Fig. 5 Type IV. a Intradural 
connection between the acces-
sory nerve and posterior root of 
the Wrst cervical nerve, which 
had no direct connection with 
the spinal cord. b First spinal 
ganglion after dissection of the 
dura mater. c Connection be-
tween the accessory nerve and 
posterior root of the Wrst cervical 
nerve in the subarachnoid space 
with no direct connection with 
the spinal cord. XI accessory 
nerve, C1 posterior root of the 
Wrst cervical nerve, C2 posterior 
root of the second cervical 
nerve, sg Wrst spinal ganglion, 
asterix anterior root of the Wrst 
cervical nerve, va vertebral 
artery, arrowheads spinal 
rootlets of the accessory nerve, 
dl denticulate ligament

Table 1 Incidence of four connection types between the posterior root of the Wrst cervical nerve and the accessory nerve in diVerent studies

Types studies Type I (%) Type II (%) Type III (%) Type IV (%)

Oh et al. [6] (n = 100) 20 6 38 36

Ouaknine and Nathan [7] (n = 50) 20 12 24 44

Hagenah et al. [4] (n = 100) 27 27 34 12

Freckmann et al. [2] (n = 63) 27 1.6 30.1 55.5

Present study (n = 49) 28.6 18.4 30.6 22.4
123
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is no posterior root in type IV as in type I as a diVerent
hypothesis from present literature. In these specimens the
aVerent Wbers may join the spinal accessory nerve and enter
the spinal cord at the level of any other spinal segment.

Peltier et al. used ten heads from formalin-Wxed cadavers
to provide anatomic dissections of 20 vertebral arteries.
They observed that the closest relation of the vertebral
artery was with the spinal root of the accessory nerve.
Because of this reason they emphasized that the spinal
nerve (XI) was the most aVected structure in foramen mag-
num meningiomas [8].

We consider that the data presented in this study can
help to minimize the risk of injuring the spinal accessory
nerve during neck surgery involving the posterior cervical
triangle. On the other hand, during performing rhizotomy
of the posterior roots of the upper cervical nerves for cancer
of the face and oropharynx, knowledge of the speciWc anat-
omy and variations of this area would be important [12].
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