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Abstract Introduction: The anatomy of the vertebral artery (VA) at the cranio-vertebral junction
is significantly different from the straightforward course in the transverse foramina from C6 to C2
vertebrae. Recent methods of fixation of C1 and C2 vertebrae due to different pathologies (trauma,
tumors, or infection) are based on trans-articular procedures or direct screws for C1 and C2. These
methods of fixation depend on a detailed knowledge of the osseous anatomy of C1 and C2 verte-
brae, in addition to their relation to the vertebral artery.
Aim: The aim of this work was to obtain anatomical measurements of the vertebral artery segment
between C1 and C2 to be considered during cranio-vertebral approaches.
Materials and methods: Twenty five osseous specimens of C1 and C2 vertebrae were obtained from
anatomy museum and ten adult cadaveric specimens were also studied. The anatomical measure-
ments of vertebral artery were tabulated and graphically presented. The anatomical measurements
obtained from C1 and C2 vertebra were statistically analyzed.
Results: Twenty five osseous specimens of C1 and C2 vertebrae were examined carefully. The ana-
tomical measurements obtained from CI1 vertebra were statistically analyzed. Different measure-
ments of the vertebral artery groove including its length and diameter in addition to the distance
between each of the medial and lateral edges of the inner and the outer cortices of the vertebral
groove to the posterior tubercle of atlas respectively were measured and tabulated. The segment
of VA between C1 and C2, the third and the fourth parts of vertebral artery were dissected in
ten adult cadaveric specimens. The anatomical measurements of vertebral artery were tabulated
and graphically presented.
Conclusion: The vertebral artery adopts a serpentine course in relationship to C1 and C2 vertebrae,
making it susceptible to injury during surgical procedures in this region. Comprehensive knowledge
of the surgical anatomy is essential before performing surgery around the vertebral artery.
© 2014 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights
reserved.

1. Introduction

The atlas vertebra (C1) has unique anatomy due to the absence
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Medicine.

ferent from other cervical vertebrae. Absence of the vertebral
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body is replaced by two lateral masses that are joined together
by a short anterior arch and a long posterior arch. At the level
of C1 vertebra, the vertebral artery (VA) exits from the trans-
verse foramen and courses in the vertebral artery groove
lateral to the spinal canal and posterior to its lateral mass.'*

The lateral mass of the atlas is anatomically ideally suited
for screw fixation to achieve C1-C2 arthrodesis. The increas-
ing use of lateral mass screw placements for atlanto-axial
arthrodesis has made it necessary to have a detailed knowledge
of the anatomy of CI vertebra for optimal placement of the
screws.”

The vertebral artery is classically subdivided into four seg-
ments, the first segment extends from its origin from the sub-
clavian artery to C6 transverse process (V1), the second
segment extends from C6 to Cl transverse processes (V2),
the third segment extends from Cl1 to the foramen magnum
(V3), and finally, the fourth segment extends intradurally from
the foramen magnum to vertebrobasilar junction (V4). * The
location of the vertebral artery on a groove on the superior
surface of the posterior arch of atlas makes it vulnerable to
injury during surgical procedures in this region.’

In addition, this groove may be converted into a foramen
by a bony bridge extending from the lateral mass to the poster-
omedial margin of the groove. Anatomical variations affecting
the groove and foramina of the atlas may be the cause of dis-
turbances of the normal function of the vertebral artery.® Var-
ious terms, including arcuate foramen,”® foramen sagitalle,
foramen atlantoideum posterior, Kimmerle’s variant,” fora-
men arcuale, foramen retroarticular superior, canalis verteb-
ralis, retroarticular vertebral artery ring, retroarticular canal
and retrocondylar vertebral artery ring have been used to
describe this foramen.'’

Most of the data presented in the literatures regarding the
morphometry of the atlas in general and the vertebral artery
groove in particular, have been obtained from radiological
studies.'""'? Therefore, the present study aimed to create ana-
tomical measurements between the vertebral artery and Cl
and C2 to be used in cranio-vertebral approaches.

2. Materials and methods

Twenty five osseous specimens of C1-C2 vertebrae and ten
adult head and neck cadaveric specimens were obtained from
the anatomy department, faculty of medicine, Alexandria
University. These osseous and cadaveric specimens were studied.

All procedures in this study were performed in accor-
dance with the Medical Research Ethics Committee of the
Alexandria University.

2.1. Osseous study

The following anatomical measurements were studied on both
sides of the twenty five osseous specimens of Cl and C2
vertebrae.

1. Superior articular facet of atlas (SAF) (antero-posterior
and transverse diameters).

2. Inferior articular facet of atlas (IAF) (antero-posterior
and transverse diameters).

3. Groove for the vertebral artery on the upper surface of
the posterior arch of atlas (Ilength and diameter).

4. Vertebral artery groove in relation to pars inter-
articularis.

5. Length of pars inter-articularis.

6. The distance of the medial and lateral edges of the verte-
bral artery groove from the posterior tubercle at both the
inner and outer cortices of the posterior arch of atlas
respectively.

7. Superior articular facet of axis (antero-posterior and
transverse diameters).

8. The presence or absence of bony spiculae in atlas.

9. The presence or absence of accessory foramina in atlas.

Different measurements were recorded, tabulated, and sta-
tistically analyzed.

2.2. Cadaveric study

Ten adult head and neck cadaveric specimens (five of them were
injected with colored silicon to facilitate exposure of the artery)
were subjected to the following:

A midline posterior incision was done extending from the
inion down to C7 vertebra. After blunt dissection of trapezius,
splenius capitis, and semispinalis capitis muscles, the suboccip-
ital triangle was exposed.

The segment of VA between C1 and C2, the third and the
fourth parts of vertebral artery were dissected in the ten adult
cadaveric specimens. The anatomical measurements of verte-
bral artery were tabulated and graphically presented.

The dissection was done to analyze the anatomy of the ver-
tebral artery during its course from C2 foramen transversari-
um to its entry into the spinal dural canal at the level of C1
vertebra.

The length and diameter of C1 and C2 segment of VA,
distance between C1 and C2 segment of VA to superior cervi-
cal sympathetic ganglia, diameter of the VA on the vertebral
groove on the posterior arch of atlas, distance between the
most medial edge of VA groove to the posterior midline of
atlas and diameter of the VA in the C1 extradural segment,
were measured. In addition to the presence or absence of bony
speculae on vertebral artery groove on the posterior arch of the
atlas.

Different anatomical measurements were recorded on both
sides using a digital Vernier caliper accurate up to 0.01 mm.
All measurements were taken twice.

3. Results

3.1. Bony results

Twenty five osseous specimens of Cl and C2 vertebrae were
examined carefully. The anatomical measurements obtained
from C1 vertebra are statistically analyzed in Table 1.

The length of pars interarticularis is measured from the cen-
ter of the superior articular facet to the center of the inferior
articular facet as shown in (Fig. 2) (see Fig. 1).

Different measurements of the vertebral artery groove
including length, diameter and the distance between the medial
and lateral edges of the inner and the outer cortices of the
vertebral groove to the posterior tubercle of atlas respectively
are illustrated in (Fig. 3).
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Table 1 shows that there was a statistically significant
difference between the right and left measurements in the
AP diameter of SAF and the distance of the outer cortex
of the vertebral artery groove from the posterior tubercle of
atlas.

In 8% of C1 osseous specimens, the vertebral artery groove
is transformed into an accessory foramen (Fig. 4), while in
10% of C1 osseous specimens, a bony spiculae was seen on
the superior surface of the posterior arch (Fig. 5).

The anatomical measurements obtained from C2 vertebra
are statistically analyzed in Table 2 and represented graphi-
cally in (Fig. 6).

3.2. Cadaveric results

In all specimens the segment of VA between C1 and C2, the
third and the fourth parts of vertebral artery were dissected
(Figs. 7 and 9-12) (see Fig. 8).

Table 1 The anatomical measurements of Cl in mm (AP: Anteroposterior diameter — TS: Transverse diameter — SAP: Superior
articular process — IAP: Inferior articular process — VG: Vertebral groove).

Anatomical Measurements Min. Max. Mean S.D. Median P

AP diameter of Rt. SAF 14 25 18.9 2.6 19 0.023"
AP diameter of Lt. SAF 13 19 16.0 1.8 16

TS diameter of Rt. SAF 4 11 7.1 22 7 0.099
TS diameter of Lt. SAF 5 12 8.3 2.4 8

AP diameter of Rt. IAF 9 18 12.5 2.3 12 0.107
AP diameter of Lt. IAF 11 15 13.3 1.3 14

TS diameter of Rt. TAF 10 13 11.3 1.0 11 0.336
TS diameter of Lt. IAF 9 14 11.5 1.5 12

Rt. VG (length) 5 10 7.1 1.7 7 0.581
Lt. VG (length) 4 10 7.2 2.1 7

Rt. VG (diameter) 3 8 4.9 1.4 4 0.107
Lt. VG (diameter) 5 8 5.8 1.0 6

Distance between the center of the VG to the center of pars 3 9 5.6 1.6 6 0.225
interarticularis (Rt. Side)

Distance between the center of the VG to the center of pars 3 6 4.6 1.0 5

interarticularis (Lt. Side)

Length of Rt. pars interarticularis 5 9 7.2 1.1 7 0.366
Length of Lt. pars interarticularis 10 6.9 1.8 7

Distance of the medial edge of the inner cortex of the VG 5 11 8.6 1.8 9 0.265
to the posterior tubercle of atlas (Rt. Side)

Distance of the medial edge of the inner cortex of the VG 6 11 8.7 1.5 9

to the posterior tubercle of atlas (Lt. Side)

Distance of the lateral edge of the outer cortex of the VG 16 22 18.2 2.2 17 0.0313*
to the posterior tubercle of atlas (Rt. Side)

Distance of the lateral edge of the outer cortex of the VG 13 19 16.5 1.9 16

to the posterior tubercle of atlas (Lt. Side)

" There was a significant difference between the right and left measurements in AP diameter of SAF and the distance of the lateral edge of the outer

cortex of the vertebral artery groove to the posterior tubercle of atlas.

O Right B Left
20
18
16
14
12
104
84
6
44
24
0
AP diameter of SAF. Transverse diameter AP diameter of IAF  Transverse diameter Groove for VA Groove for VA VA groove in relation Length of pars The distance of the ~ The distance of the
of SAF. of .A.Facet (length) (diameter) to pars interarticularis. inner edge of the outer edge of the
interarticularis. vertebral artery vertebral artery
groove from the groove from the
posterior tubercle of posterior tubercle of
atlas atlas.

Figure 1

This figure shows different measurements in both right and left sides mentioned in Table 1.
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Figure 2 A photograph of an atlas vertebra showing the method
of measurement of pars-interarticularis from the center of the
superior articular facet (SAP) to the center of the inferior articular
facet using a Smith Vernier caliber.

Figure 3 A photograph of an atlas vertebra showing the length
(L) and diameter (D) of the vertebral artery groove (VG) over the
superior surface of the posterior arch of atlas. Line (a) corre-
sponds to the distance between the inner cortex of the vertebral
groove (VG) to the posterior tubercle of atlas, while line (b)
corresponds to the distance between the outer cortex of the
vertebral groove (VG) to the posterior tubercle of atlas.

The C1 and C2 segment of VA was passing in a vertical
direction between axis and atlas vertebrae (Figs. 7 and 9-12).
The mean diameter of C1 and C2 segment of the vertebral
artery is measured and tabulated in Table 3. The mean diam-
eter of the C1 and C2 segment was 3.4 mm on the right side
and 3.3 mm on the left side. The mean length of C1 and C2
segment of VA is measured (Fig. 9) and tabulated in Table
3. The mean on the right side was 9.7 mm while that on the left
side was 10.9 mm.

The superior cervical sympathetic ganglion was found lat-
eral to C1 and C2 segment of the vertebral artery (Figs. 10
and 11). The distance between C1 and C2 segment of vertebral
artery and the superior cervical sympathetic ganglion is mea-
sured (Fig. 10) and shown in Table 3. The mean distance on

Figure 4 A photograph of an atlas vertebra shows the vertebral
artery groove is transformed into an accessory foramen on the left
side.

Figure 5 A photograph of an atlas vertebra showing bony
specula on the superior surface of the posterior arch of atlas
(arrow).

the right side was 1.4 mm while that on the left side was
1.7 mm.

The C1 and C2 segment of VA changed its direction, just
above CI1 transverse foramen, to run in horizontal course,
and then it runs over the upper surface of the posterior arch
of atlas (Figs. 7 and 9-11).

The diameter of the vertebral artery over the posterior arch
of atlas is measured in (Fig. 7) and shown in Table 3. The
mean diameter on the right side was 4.7 mm while that on
the left side was 4.9 mm. There was no statistically significant
difference between both sides.

The upper surface of the posterior arch of atlas showed
bony specula just close to the vertebral artery over the poster-
ior arch of atlas in 5% of specimens (Fig. 12). Also it showed
partial groove in 7% of all cadaveric specimens through which
the vertebral artery passes (Fig. 13).

The mean distance between the most medial edge of the ver-
tebral artery groove over the posterior arch of atlas to the pos-
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Table 2 The anatomical measurements of C2 in mm (AP: Anteroposterior diameter — TS: Transverse diameter — SAP: Superior

articular process — IAP: Inferior articular process).

Min. Max. Mean S.D. Median P
AP diameter of SAF (Rt. Side) 12 17 13.6 1.8 13 0.107
AP diameter of SAF (Lt. Side) 9 16 12.7 2.0 13
TS of SAF (Rt. Side) 11 13 12.0 0.6 12 0.339
TS of SAF (Rt. Side) 11 13 12.1 0.6 12

O AP diameter of SAF. B Transverse diameter of SAF.

14.0

135

13.0

125

12.0

115

11.0

Right

Left

Figure 6 This figure represents the anatomical measurements of C2 vertebrae mentioned in Table 2.

Figure 7 A photograph of a right half head and neck specimen
exposing a dissected suboccipital region and showing the C1 and
C2 segment of the vertebral artery (a) passing between axis (A)
and atlas vertebrae (P), and its continuation (b) over the upper
surface of the posterior arch of atlas (P). The area between the two
arrows shows the diameter of the vertebral artery over the
posterior arch of atlas (P). (O: Occipital bone - M: Reflected
suboccipital muscles).

terior tubercle of atlas vertebrae was 15.0 mm on the right side
and 16.0 mm on the left side.

Then the artery passed upward, medially and continued as
extradural part of the vertebral artery where it pierced the dura

mater (Fig. 13). The diameter of extradural part of VA is mea-
sured and tabulated in Table 3. The mean diameter on the
right side was 4.9 mm and that on the left side was 4.5 mm.

4. Discussion

The location and measurements of vertebral artery groove
over the superior surface of the posterior arch of atlas are very
important. Several authors addressed the importance of the
location of vertebral artery groove during the upper cervical
spine surgery.

The critical location of the vertebral artery may complicate
the posterior approach during decompressive procedures in the
atlantoaxial region.

The data derived from the present study showed the mean
length (£ SD) of vertebral artery groove was 7.1 mm + 1.7 on
the right side and 7.2 mm =+ 2.1 on the left side .While the
mean diameter (+SD) of vertebral artery groove was
4.9 mm =+ 1.4 on the right side and 5.8 mm =+ 1.0 on the left
side. The length and the diameter of the groove did not show
any statistically significant difference between the right and left
sides of atlas in the present study.

Ravichandran et al."’ found that the mean values (+ SD)
for the groove length on the right side was 7.71 + 1.16 mm
and on the left side, it was found to be 7.49 £+ 1.33 mm. Also
they found that the mean width (£SD) on the right side was
7.89 £ 1.29 mm and on the left side, it was 8.08 + 1.37 mm.

It is therefore useful to have a knowledge of the relative
position of the vertebral artery on the posterior arch of atlas
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Figure 8 This figure shows different measurements in both right and left sides from the previous table.

Figure 9 A photograph of right half head and neck specimen
showing a dissected suboccipital region showing the C1 and C2
segment of the vertebral artery (a) passing between axis (A) and
atlas (P) vertebrae. A divider is put between the two ends of that
segment to measure its length. (b: Vertebral artery segment over
the posterior arch of atlas).

to determine how much of the posterior arch can be safely
exposed. Steifer” recommended that the dissection of CI
posterior arch should stop 1cm lateral to midline. An and
Simpson' also advocated that the posterior aspect of CI is
not be exposed for more than 1.5 cm.

The present study demonstrates the mean distance of the
medial edge of the inner cortex of the VG to the posterior
tubercle of atlas was 8.6 mm on the right side and 8.7 mm
on the left side. The mean distance of the lateral edge of the
outer cortex of the VG to the posterior tubercle of atlas was
18.2mm on the right side, while on the left side it was
16.5 mm. In the present study, there was a significant differ-
ence in the distance of the lateral edge of the outer cortex of
the VG to the posterior tubercle of atlas between the right
and left sides.

Figure 10 A photograph of a right half head and neck specimen
exposing a dissected suboccipital region showing the C1 and C2
segment of vertebral artery (a) passing between axis (A) and atlas
(P) vertebrae. A dividal is put between this part of the vertebral
artery and the superior cervical sympathetic ganglion(S) to
measure the distance between these two structures. (b: Vertebral
artery segment over the posterior arch of atlas).

Awadalla and Fetouh'* found that the distance from the
midline to the most medial edge of the vertebral artery groove
on the inner cortex of the posterior arch of the atlas (D1) was
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Figure 11 A photograph of a left half head and neck specimen
exposing a dissected suboccipital region showing the distance
between the medial end of the vertebral artery (injected with latex)
over the posterior arch of atlas (b) to the posterior tubercle of atlas
vertebrae (P). (a: Vertebral artery segment between axis and atlas —
S: Superior cervical sympathetic ganglion — ICA: Internal carotid
artery — N: Vagus nerve).

Figure 12 A photograph of a right half head and neck specimen
exposing a dissected suboccipital region showing a bony specula
(Bs) just close to the medial part of the vertebral artery (b) over the
posterior arch of atlas (P). (a: Vertebral artery segment between
axis (A) and atlas(P). C2: Second cervical spinal nerve).

8.8 mm with a minimum of 5 mm. Also they found the dis-
tance from the midline to the medial most edge of vertebral
artery groove on the outer cortex of the posterior arch to be
20 + 2.3 mm with a minimum of 15 mm.

Naderia et al.'” found that the distance between midline
and vertebral artery groove on the outer cortex of C1 posterior
arch was 15.05 mm. This means that the posterior tubercle of
atlas is a useful landmark during surgical procedures however
variations of diameters in both sides could be considered.

Concerning bony spiculae in the present study, it was
observed in 10% of dry atlas, while it was present in 8% of
C1 osseous specimens; the vertebral artery groove was con-
verted into an accessory foramen. The complete foramen for-

mation when small and constricted may disturb the normal
function of the vertebral artery.

Simsek et al.'® classified 158 dried vertebrae on the basis of
the morphology of their posterior arches for the passage of the
vertebral artery. Of the 158 dry C1 specimens, in nine (5.6%)
vertebrae, partial osseous bridging was detected (bilaterally
in eight and unilaterally on the left in one). Complete osseous
bridging (arcuate foramen) was observed in six (3.8%) verte-
brae (bilaterally in one, unilaterally on the left in three and
on the right in two).

Anatomical variations of the vertebral artery groove and
foramina of the atlas may be the cause of disturbances of nor-
mal function of the vertebral artery.

Iatrogenic injury of the third segment of the vertebral
artery can occur during surgical procedures. Therefore, the
surgeon must possess a detailed knowledge of the anatomy
and variability of the V3 segment of the vertebral artery
to reduce the risk of complications related to surgical
approaches.

The present study revealed the presence of the vertebral
artery in all specimens with its two parts: Cl and C2 vertical
segment and horizontal segment over the posterior arch of
atlas. Duan et al.,'® found the absence of vertebral artery in
only one case on the right side from 88 cases. Montechiari et
al.,'” reported a case of a patient with the absence of both ver-
tebral arteries.

Arthur et al.'® found that all the segments of the right and
left vertebral arteries were extending superiorly from C2
transverse process through the C1 transverse process. Then
they proceeded dorsally over the vertebral groove, finally
passing through the dura between the foramen magnum
and the posterior arch of Cl. This agrees with the findings
of the present study.

Concerning the mean length of the vertical portion (C1 and
C2) segment of VA was 9.7 mm on the right side and 10.9 mm
on the left side in the present study. Arthur et al.'® found the
mean length of this segment was 9.8 mm on the right side and
11.7 mm on the left side. Also they found this segment was pro-
jecting laterally a variable distance before ascending toward the
C1 transverse foramen forming a loop. The transition between
the C1 and C2 vertical segment and the horizontal segment of
vertebral artery after exiting the C2 vertebral foramen is the
most likely site of injury when placing C1-2 transarticular
screws or C2 pars screws.

Regarding the diameter of the C1 and C2 segment of the
vertebral artery, its mean was 3.4 mm on the right side and
3.3 mm on the left side in the present study. There was no sta-
tistically significant difference between the right and left sides
in the present study. Duan et al.,'® found the diameter of C1
and C2 segment to be 3.49 mm on the left side and 3.24 mm
on the right side. Also, there was no statistically significant dif-
ference between the right and left sides which was similar to
the findings of this study.

Injury to the horizontal third segment of the vertebral
artery located in the superior aspect of atlas is a potential haz-
ard of the far lateral approach in a posterior fossa craniotomy.
The mean of the diameter of the vertebral artery on the groove
of the posterior arch of atlas on the right side was 4.7 mm
while on the left side it was 4.9 mm. Arthur et al.'"® found
the mean diameter of the horizontal loop of the V3 segment
was 4.6 mm on the right side and 5.1 mm on the left side. Duan
et al,'® found that the mean diameter of the fourth curve



150

A.A. Khanfour, N.M. El Sekily

Table 3 The anatomical measurements of vertebral artery in mm in 10 cadavers (VG: Vertebral groove).

Right Left P
Min. Max. Mean S.D. Median Min. Max. Mean S.D. Median
Length of C1 and C2 segment of VA 822 113 9.7 098 10.0 9.01 119 109 0.78 11.0 0.098
Diameter of C1 and C2 segment of VA 2.11 4.6 3.4 042 35 2.3 4.6 33 0.26 3.4 0.225
Distance between C1 and C2 segment 082 236 14 0.17 L.5 1.01  2.01 1.7 0.21 1.8 0.103
of VA to superior cervical sympathetic ganglia
Diameter of the VA on the vertebral groove 322 7.01 4.7 098 49 3.5 5.8 4.9 0.60 5 0.371
on the posterior arch of atlas
Distance between the most medial edge of VA 12.1 18.6 153 2.07 15.0 119 19.01 16.33 198 16.0 0.442
to the posterior tubercle of atlas
Diameter of the VA in the Cl extradural segment  3.65 6.25 4.9 0.60 5 3.7 5.5 4.5 0.55 4.7 0.099

Figure 13 A photograph of a right half head and neck specimen
with a midline sagittal cut exposing a dissected suboccipital region.
The vertebral artery (b) passes in a partial groove (G) over the
superior surface of the posterior arch of atlas (P) then it continues
as extradural part of vertebral artery (E) where it pierces the dura
mater (arrows).

(above the posterior arch of C1) was 3.72 mm on the right side
and 3.51 mm on the left side.

In only 2 specimens of the present study, a partial groove
was seen on the upper surface of the posterior arch of atlas,
while in 3 specimens, bony spiculae were noticed.

Arthur et al.'® found a fully foramen-shaped arterial groove
in 5 specimens (4 left sides, 1 right side). Duan et al.'® found
variations of C1 in 12 cases of 88 cases, of which 7 cases were
congenital arcuate foramen, and 5 cases were congenital
defects of posterior arch.

The mean diameter of the vertebral artery in C1 extradural
segment in the present study was 4.9 mm on the right side and
4.5 mm on the left side. Duan et al.'® found the diameter of the
vertebral artery which goes forward and through foramen
magnum (5th curve) to be 2.4l mm on the right side and
2.88 mm on the left side. Sahika Liva Cengiz et al.,'” found
that the distance (cm) between the medial tip of the horizontal
portion of the vertebral artery and the line passing through the
midpoint of the posterior tubercle of the atlas was 1.67 on the
right side and 1.67 on the left side. Also Sahika Liva Cengiz et
al."” concluded in their study that the third part of vertebral

artery can be easily identified by performing multislice CT
scans preoperatively. In addition, their measurements taken
in cadavers were corresponding to the same measurements
seen on multislice CT scans.

5. Conclusion

Identifying the anatomy and the variations of the vertebral
artery and C1 vertebra is necessary in the choice and plan of
surgery and raises the accuracy and safety of operations. Imag-
ing anatomy can make up of or enrich the content of regional
anatomy, and provide reliable basis for the clinical diagnosis
and treatment.
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