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Abstract

Objective Transoral odontoidectomy and ventral C1-2 stabilization are important surgical procedures, performed to decom-
press ventral spinal cord, and to stabilize craniovertebral junction. These procedures require knowledge regarding surgical
anatomy of neurovascular structures ventral to the C1-2 complex. The aim of this study is to evaluate the relationships
between neurovascular structures and bony landmarks in ventral atlantoaxial complex.

Materials and methods This study was performed on six formaldehyde fixed cadaveric head and neck specimens. Relevant
anatomical parameters, including distances from the midsagittal line to internal carotid arteries (ICA), vertebral arteries
(VA), and hypoglossal nerves (HN), were measured using electronic calipers.

Results The mean distance between ICA and midsagittal line was observed as 26.13 mm at the level of axis and 24.67 mm at
the level of the atlas. The mean distance between VA and midsagittal line was observed as 15.38 mm at the level of axis and
26.54 mm at the level of the atlas. The mean distance between HN and midsagittal line was observed as 33.27 and 33.58 mm
at the level of the atlas and axis, respectively.

Conclusion This study confirmed that ICA and HN proceeded ventrally or laterally along the lateral aspect of the C1 lateral
mass; therefore, the area located ventrally along the medial components of the C1 lateral mass was the safe zone for anterior
surgical approach.

Keywords Surgical anatomy - Transoral odontoidectomy - Anterior cervical approaches - Atlantoaxial stabilization -
Vertebral artery - Hypoglossal nerve - Internal carotid artery
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C1-2 complex is located in the junction of cranium and
spine. The ventral surgical approaches may be indicated
in many conditions requiring ventral upper cervical spine
decompression and instrumentation, particularly in basilar
invagination [1, 2].

One of the most important ventral surgical procedures
is odontoidectomy. Odontoidectomy has been performed
for many years using transoral approach to decompress spi-
nal cord [1, 3]. Recently, many surgeons started to perform
minimally invasive odontoidectomy using endoscope via
transnasal approach [4, 5].

On the other hand, ventral upper cervical approach may
be used rarely to stabilize upper cervical spine. During both
decompressive and stabilizing procedures, internal carotid
artery (ICA), vertebral artery (VA), and hypoglossal nerve
(HN) may be exposed to risk of surgical injury [6, 7]. There-
fore, both ventral odontoidectomy and C1-2 stabilization
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procedures require detailed topographic-anatomical infor-
mation about neurovascular structures located ventrally to
upper cervical spine.

The aim of this study is to investigate distances from mid-
sagittal line to neurovascular structures and bony landmarks.

Materials and methods

This study was conducted at the Department of Anatomy,
School of Medicine, Dokuz Eylul University. The official
permission for this investigation was obtained from Dokuz
Eylul University School of Medicine. In this study, six adult
head-neck specimens, fixed in formaldehyde, were used.
The arteries and veins were slowly filled manually with the
coloured silicone.

The all measurements were taken with Mitotoyo digital
caliper, accurate to within 0.01 mm. The statistical analysis
was performed using SPSS 15.0 (SPSS Inc. Chicago, IL).
Wilcoxon test was used to evaluate the data, and the signifi-
cance was accepted at p <0.05.

Results

The main cervical neurovascular structures (ICA, VA, and
HN) were demonstrated using cadaveric dissections (Figs. 1,
2, 3). The distances of neurovascular structures (ICA, VA,
and HN) to bony landmarks (midsagittal line, lateral border
of the odontoid, and medial border of the C1 lateral mass)
were measured (Fig. 4). The relevant paramaters regarding
relationships of C1-2 complex to neurovascular structures
(ICA, VA, and HN) in this study are shown in Table 1. The
Cl1 lateral mass was ventrally zoned as follows: zone-1 (from
median to medial border of the C1 lateral mass), zone-2
(medial half of C1 lateral mass), zone-3 (lateral half of the
C1 lateral mass), and zone-4 (from lateral to lateral border
of the C1 lateral mass) (Fig. 5). The positions and courses of
ICA and HN with respect to the ventral aspect of C1 lateral
mass zones were determined.

The results of the studied parameters are presented in
Table 1. The mean diameter of ICA at the level of C1 was
found with 5.86 +0.30 mm. The mean distance between
ICA and midsagittal line at the level of C2 was observed
as 26.13 +3.48 mm, whereas the ICA was determined to be
closer to the midsagittal line at the level of C1 with a mean
distance of 24.67 +2.81 mm.

The VA passes through the transverse foramen, and
C1-2 complex includes junction of part-2 and part-3 of
VA. The mean distance between the VA and midsagittal
line at the level of C2 (distal end of part 2 of VA) was
observed as 15.38 +2.08 mm. While the VA ascends to
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Fig. 1 Neurovascular structures on ventral aspect of cervical region.
ICA internal carotid artery, ECA external carotid artery, OA occipital
artery, STeA superficial temporal artery, MA maxillary artery, LA lin-
gual artery, FA facial artery, SThA superior thyroid artery, VA verte-
bral artery, I/V internal jugular vein, HN hypoglossal nerve, VN vagal
nerve, LN lingual nerve, AN accessory nerve, SMG submandibular
gland

the C1-2 junction, its part-3 proceeds sharply laterally.
The mean distance between midsagittal line and VA at the
level of C1 was observed as 26.54 +2.16 mm.

The HN proceeds straightly along the ventral aspect of
C1-2 complex. The mean distances between midsagittal
line and the HN at the level of C1 and C2 were determined
as 33.27+3.98 and 33.58 +4.55 mm, respectively.

The mean distances from medial border of the ICA
to medial border of lateral mass (C1) and lateral bor-
der of the odontoid were observed as 15.91 +2.72 and
19.41 +2.74 mm, respectively.

We did not find any significant differences between any
parameters measured for each side (right and left). How-
ever, we determined that the ICA was mostly located along
the ventral aspect of zone-3 (50%) and zone-4 (50%) and
that the HN was mostly located along the ventral aspect of
zone 4 (83.34%), at the level of C1 lateral mass (Table 2).
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Fig.2 Hypoglossal nerve and other neurovascular structures on
posterolateral aspect of cervical region on the right side. CCA com-
mon carotid artery, /CA internal carotid artery, ECA external carotid
artery, OA occipital artery, STeA superficial temporal artery, MA max-
illary artery, LA lingual artery, FA facial artery, SThA superior thy-
roid artery, STV superficial temporal vein, RMV retromandibular vein,
MYV maxillary vein, FV facial vein, VA vertebral artery, HN hypoglos-
sal nerve, VN vagal nerve, SMG submandibular gland, DM digastric
muscle

Fig.3 Ventral aspect of C1-C2 complex, odontoid, internal carotid
artery, and vertebral artery. /CA internal carotid artery VA vertebral
artery
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Fig.4 Parameters. CCA common carotid artery, ECA external carotid
artery, /CA internal carotid artery, VA vertebral artery, HN hypoglos-
sal nerve, ML midsagittal line. Diameter of ICA at the level of C1 (a),
distance between medial side of ICA and midsagittal line at the level
of C1 (b), distance between medial side of ICA and midsagittal line
at the level of C2 (c), distance between medial side of VA and mid-
sagittal line at the level of C1 (d), distance between medial side of
VA and midsagittal line at the level of C2 (e), distance between HN
and midsagittal line at the level of C1 (f), distance between HN and
midsagittal line at the level of C2 (g), distance between medial border
of lateral mass and medial border of ICA (h), distance between lateral
border of odontoid and medial border of ICA (i)

Discussion

This study confirmed that the ICA’s converge and the VA’s
diverge as they ascend from C2 to C1, whereas the HN pro-
ceeds almost straightly as it descends from C1 to C2. The
course of HN is parasagittal to midline at this level. The
ICA converges medially at C1 level, and its course should
be taken into consideration when performing anterior C1-2
surgeries. The VA proceeds more laterally at C1 level, and
its course is also important when performing posterior screw
fixation procedures at C1-2 level.
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Table 1 Results of the measurements of internal carotid artery (ICA), vertebral artery (VA), and hypoglossal nerve (HN) at C1 and C2 levels

Parameters (mm)

Left mean+SD (median) Right mean+SD (median) Total mean+SD *p

ICA diameter at the C1 level

Distance between midsagittal line and medial border of ICA

at the level of C1

Distance between midsagittal line and medial border of ICA

at the level of C2

Distance between midsagittal line and medial border of VA at

the level of C1

Distance between midsagittal line and medial border of VA at

the level of C2

Distance between midsagittal line and HN at the level of C1

Distance between midsagittal line and HN at the level of C2

Distance between medial border of lateral mass and medial

border of ICA
Distance between lateral border of odontoid and medial

5.97+0.13 (5.97) 5.74+0.38 (5.71) 5.860.30 0.192
24.51+3.56 (24.50) 24.73+1.57 (25.54) 24.67+2.81 0.258
25.92+3.58 (26.04) 26.32+3.69 (26.84) 26.13+3.48 0.852
26.69+2.27 (27.01) 26.38+2.24 (25.78) 26.54+2.16 0.816
15.31+2.52 (15.78) 15.44+1.78 (15.33) 1538 +2.08 0.923
32.76+3.76 (32.42) 33.78+4.48 (32.75) 33.27+3.98 0.679
33.65+2.41 (34.63) 33.51+£6.29 (34.18) 33.58+4.55 0.962
14.96+2.99 (15.07) 16.87+2.28 (16.17) 15.91+2.72 0.242
18.45+3.46 (18.32) 20.36+ 1.52 (19.55) 19.41+2.74 0.245

border of ICA

*p values were given for the comparisons of right and left sides

Fig.5 Ventral aspect of C1-C2, position of ICA and HN with respect
to C1 lateral mass (Zone 1 through 4)

Table 2 Locations of internal carotid artery and hypoglossal nerve at
Cl1 level

Zonel Zone2 Zone3 (%) Zone4d (%)
ICA in the right side - - 50 50
ICA in the left side - - 50 50
HN in the right side - - 16.66 83.34
HN in the left side - - 16.66 83.34

ICA internal carotid artery, HN hypoglossal nerve

Ebraheim et al. [8] studied 20 cervical spine specimens
and observed that the HN actually takes place directly
in front of the lateral portion of the C1 lateral mass
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(immediately medial to the C1 transverse process) and the
C1-2 facet joint. Janfaza et al. [9] clarified that the HN
emerges from the skull through the hypoglossal canal medial
to the internal jugular vein and ICA then goes laterally and
inferiorly on the posterior aspect of the vagus nerve. Hoh
et al. [10] stated that the ICA originates from the carotid
artery bifurcation and arises in the carotid triangle of the
neck, and runs anteriorly to the atlas before entering the
carotid canal at the skull base.

This study also confirmed that ICA and HN were not
located along the ventral aspect of zone-1 and zone-2,
whereas they were only located along the ventral aspect
of zone-3 (50 and 16.6%, respectively) and zone-4 (50 and
83.3%, respectively) at the level of C1 lateral mass. There-
fore, it may be defined that the safe zone for surgical proce-
dures is an area between the midsagittal line and the midline
of C1 lateral mass.

The ICA, VA, and HN are exposed to risk of surgical
injury during posterior approach, whereas there is less risk
of surgical injury during anterior approach. It should be
noted that anterior surgical approach is not only used for
transoral odontoidectomy, but also used for anterior decom-
pression in skull base tumors and used for reconstructive
surgery. Furthermore, the possibilities of altered anatomy
and anatomical variations should be taken into consideration
during the surgical procedures performed for basilar invagi-
nation, atlantoaxial dislocation, and atlas occipitalization.

Internal carotid artery
The most of the anatomical and radiological studies evaluat-

ing the relationship between C1-2 and ICA focused on risk
of penetration of ICA with C1-2 posterior screws. These
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studies examined the distances between ICA landmarks
including and, the distances between ICA and landmarks
involving anterior C1 cortex, including anterior tubercle,
lateral mass, and transverse process of C1 [10-15].

In some studies, the mean distance between ICA and C1
anterior cortex was reported as 3.70, 2.88, and 4.89 mm [12,
13, 15]; however, this parameter is not applicable for ventral
craniovertebral surgery.

The distance between the midsagittal line and medial wall
of ICA was reported as 21.7 mm [14]. In our study, it was
observed as 26.13+3.48 and 24.67 +2.81 mm at the level
of C2 and C1, respectively. Our results revealed that ICA
converges minimally as it ascends from C2 to C1.

In their study, Hoh et al. [10] reported the mean diam-
eter of the ICA as 5.5+ 1.2 and 5.5+ 1.2 mm at the left and
right sides, respectively. In the present study, we obtained
the mean diameter of ICA as 5.97+0.13 and 5.74 +0.38 mm
at left and right sides, respectively.

Some authors studied location of ICA with respect to lat-
eral mass of C1. They divided the lateral mass into three por-
tions. According to most of the studies, the ICA was located
mostly along the ventral aspect of lateral 1/3, whereas it
was located rarely along the ventral aspect of middle 1/3 of
lateral mass of C1 [10, 13, 14]. The ICA was reported to be
located on the medial 1/3 of lateral mass in only one case
[10]. Our results were similar to the results of the aforemen-
tioned studies. We observed that the ICA was located either
along (50% of cases) or outer side of (50% of cases) the
ventral aspect of the lateral mass of C1. We also found that
the ICA did not pass ventrally along the medial half of the
lateral mass; therefore, the medial half of the ventral aspect
of lateral mass is determined as the safe zone for anterior
surgical approach. This anatomical finding is particularly
significant for both dissection and retraction of retropharyn-
geal mucosa during transoral odontoidectomy procedure.

Hypoglossal nerve

The HN emerges from occipital condyle and passes down-
ward between ICA and jugular vein. Ebraheim et al. [8]
determined that the HN usually travels behind the ICA and
lies approximately 2—3 mm lateral to the middle of the ven-
tral aspect of the lateral mass of C1. Although dysphagia is
a common complication of anterior cervical spine surgery,
the post-surgical HN damage leading to dysphagia is quite
rare, and it is frequently associated with excessive retrac-
tion of esophagus during surgery [6, 16—18]. Hong et al.
[19] reported the first case of HN injury after fixation of the
lateral mass of C1.

In our study, the distance between the midsagittal line and
the HN was observed as 33.27+3.98 and 33.58 +4.55 mm
at the level of C1 and C2 vertebrae, respectively. We found
that the HN was located either along the lateral half of

(16.66% of cases) or outer side of (83.34% of cases) the
ventral aspect of the C1 lateral mass. These results confirm
that HN is located lateral to the ICA, and it is rarely exposed
to risk of surgical injury during ventral craniovertebral junc-
tion procedures.

Vertebral artery

Although the incidences of VA injury during the anterior
subaxial cervical spine and the posterior craniovertebral
junction surgery are reported as 0.3-0.5 and 4.1%, respec-
tively, the VA is not frequently exposed to great risk of
injury during anterior C1-2 procedures for the reason that it
passes through the transverse foramen and far from the mid-
sagittal line [20, 21]. Nevertheless, there were a few cases of
VA injury during transoral odontoidectomy reported in the
literature. In 1986, Crockard et al. [22] reported results of
the transoral odontoidectomy in 14 patients with rheumatoid
atlantoaxial subluxation. In their study, there was one (7.1%)
case with VA injury due to the drilling [22]. Similarly, Dick-
man et al. [23] reported one case (0.68%) of brainstem stroke
following odontoidectomy procedure for bilateral VA occlu-
sion. However, the cases of VA injury did not result from
direct injury to the VA during surgery. According to these
authors, VA injuries resulted from iatrogenic delayed verti-
cal occipitoatlantal subluxation [20-23].

Scalici et al. [24] reported a case of VA injury after tran-
soral odontoidectomy and posterior stabilization procedure.
The reason of VA injury was unclear, whereas it was attrib-
uted to the delayed VA dissection due to bone fragments
[24].

VA injury rarely occurs during ventral upper cervical
spine surgery; however, the risk of VA injury should be
taken into consideration in the presence of anatomic vari-
ations. While the VA is ascending along the atlantoaxial
joints to occipital slope, radiologic examination of VA with
3D CT angiography may display whether or not third and
fourth parts of VA has some curves or loops and variations.
These radiographic imaging findings play an important role
in the diagnosis and surgery of VA diseases [25].

Sardhara et al. [21] determined that VA may be deviated
more medially in cases of atlantoaxial dislocation (AAD)
with an occipitalized atlas; therefore, there may be at higher
risk for VA injury in these cases. In their study, the distance
between odontoid and VA was reported as 8.35, 12.0, and
16.2 mm in cases of AAD with an occipitalized atlas, in
cases of AAD without an occipitalized atlas and in normal
cases, respectively [21].

Ai et al. [26] found that the distances between VA and
midsagittal line were 18.4+2.3 and 25.1 +2.4 mm at the
level of C2 and C1, respectively. Hu et al. [27] also declared
that these distances were 19.3+3.4 and 25.6+3.8 mm at the
level of C2 and C1, respectively.
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Lu et al. [28] reported the distances between VA and
midsagittal line at the level of C1 and C2 as 25.6+3.0 and
18.8 +2.5 mm, respectively. In our study, these distances
were observed as 26.54+2.16 and 15.38 +2.08 mm at the
level of C1 and C2, respectively.

Conclusion

The main neurovascular structures may be at significant risk
of injury during ventral upper cervical spine surgery. This
study confirms that the risk of surgical injury for VA and HN
is less than ICA, and the part of ICA located ventrally along
the lateral half of the lateral mass of C1 may be at higher risk
of surgical injury than the other part located ventrally along
the medial half of the lateral mass of C1. It is concluded that
the medial half of the lateral mass of C1 appears to be safe
zone for ICA during ventral surgical procedures.
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