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Background: Detailed study of the craniovertebral junction (CVJ) is necessary to
completely understand the mechanism of its flexion and extension.

Materials and methods: One cadaver head was sectioned in the sagittal plane.
Also, in 22 volunteers, examined using the multislice computed tomography
(MSCT), 14 parameters and 2 angles were measured in the neutral position,
flexion and extension.

Results: The obtained measurements showed the anterior part of the occiput to
move inferiorly in flexion, and the anterior atlas arch and the tip of the dens to
get closer to the basion. At the same time, the opisthion moves superiorly, but
the cervical spine bends anteriorly. Consequently, the dens-opisthion diameter
and the opisthion-posterior atlas arch distance slightly decrease in length, whilst
the arches of the atlas (C1), axis (C2) and C3 vertebra become more distant. Fol-
lowing extension, the posterior part of the occiput moves inferiorly, so that the
basion-dens tip, the basion-axis arch, and the basion-posterior atlas arch distan-
ces increase in length. In contrast, the distances of the C1-C3 arches decrease
in length. The angle between the foramen magnum and the dens tip decreases
1.620 on average in flexion, but increases 3.230 on average in extension. The
angle between the axis body and the opisthion also decreases in flexion (mean,
3.360) and increases in extension (mean, 6.570). Among the congenital anomalies,
a partial agenesis of the posterior atlas arch was revealed (4.5%), as well as an
anterior dehiscence of the C1 foramen transversarium (13.6%).

Conclusions: The mentioned measurements improved our understanding of the
CVJ biomechanics. The obtained data can be useful in the evaluation of the CV/J
instability caused by trauma, congenital anomalies and certain spine diseases.
(Folia Morphol 2017; 76, 1: 100-109)
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INTRODUCTION

The craniovertebral junction (CVJ), in the narrower
sense, consists of the right and left occipital condyle
(Oc), the atlas (C1) and the axis (C2) [19, 22, 34].
Flexion and extension of the cervical spine, including
the CVJ, were examined in the experimental animals
[9], in the post mortem human samples [2], in certain
digital models [31, 37], and in healthy volunteers
using the radiographs, computed tomography (CT),
and the kinematic magnetic resonance imaging (MRI)
method, but not the multislice CT (MSCT) [8, 12, 19,
20, 22, 24, 31, 34]. The flexion and extension were
also examined in the patients with certain degenera-
tive diseases, tumours, or traumatic injuries of the
cervical spine [6, 11, 17, 21].

We think, however, that the measurements per-
formed in some of those studies are not sufficient for
a complete understanding of what precisely occurs
during the corresponding CVJ movements. Because
of that, we decided to examine in detail certain pa-
rameters following flexion and extension of the CVJ.
In order to do this, we applied the serial MSCT scans,
as well as a three-dimensional (3D) reconstruction of
the bones forming the junction, in three neck posi-
tions: neutral, flexion and extension.

MATERIALS AND METHODS

First of all, we used one anatomical specimen
of the head and brain following approval of the
authorities of the Institute of Anatomy and the Eth-
ics Committee of the University Clinical Centre. The
specimen was injected with a 10% formaldehyde
solution and then fixed in the same solution for
6 weeks. After freezing it at —25°C for 3 weeks, it was
serially sectioned in the sagittal plane.

In addition, 22 healthy individuals were examined,
that is, 12 (55%) males, aged 33.25 = 7.62 years,
and 10 (45%) females, aged 31.30 = 5.52 years on
average. The written consent of each volunteer was
obtained. The examination was approved by the au-
thorities of the Department of Radiology and the
Ethics Committee of the University Clinical Centre.

The MSCT examination of the volunteers was per-
formed in a Siemens Somatom Definition AS 128-slice
scanner. Linear measurements of certain parameters
were performed in tree planes (axial, coronal and sag-
ittal) using standard software installed in the MSCT
equipment. 3D reconstruction was carried out in
all volunteers. We measured 14 parameters in each
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Figure 1. The sagittal and slightly oblique anatomical section of
the craniovertebral junction; 1 — the odontoid process; 2 — the
anterior, and 3 — the posterior arch of the atlas; 4 — the posterior
edge of the foramen magnum; 5 — the anterior edge of the fora-
men magnum; 6 — the spinal dura; 7 — the cervical cord; 8 —
the medulla oblongata; 9 — the cerebellar tonsil; 10 — the pons;
11 — the pituitary gland; 12 — the sphenoid sinus; 13 — the
nasopharynx.

subject, which are related to certain distances among
the portions of the occiput, atlas and axis, as well as
two corresponding angles. Both the parameters and
the angles will be presented in the Results section.

The statistics comprised minimum and maximum
values, as well as counting the mean value, standard
deviation (SD), and 95% confidence interval (Cl). The
ANOVA test was applied as well.

RESULTS

The CVJ is a complex transition zone between the
cranium and spinal column, along with the adjacent
head and neck structures, and the brain stem and
spinal cord junction (Fig. 1). The CVJ consists of the
bony elements interconnected by certain joints, i.e.
the atlanto-occipital (Oc—C1), the lateral atlantoaxial
(C1-C2) and the median atlantoaxial joints, and sur-
rounded by the soft tissue, the blood vessels, and the
vital neural structures (Fig. 1).



Folia Morphol., 2017, Vol. 76, No. 1

Figure 2. The posterior view of the craniovertebral junction in the
three-dimensional multislice computed tomography images in
flexion (F), the neutral position (N), and extension (E); 1 — the
foramen magnum; 2 — the right occipital condyle; 3 — the right
lateral mass of the atlas; 4 — the left ramus of the mandible;

5 — the odontoid process (dens); 6 — the posterior tubercle of
the atlas; 7 — the left lateral atlantoaxial joint; 8 — the posterior
surface of the axis body; 9 — the spinous process of the axis;

10 — the spinous process of the third cervical vertebra; 11 —
the dorsum sellae.

102

The CVJ is designed to perform various move-
ments, especially flexion, extension and rotation. The
osseous components during the movements change
their position and interrelationships (Figs. 2F, N, E). For
that reason, we measured certain distances between
those components (Fig. 3A, B) in the neutral position
(Table 1), neck flexion (Table 2), and neck extension
(Table 3) in our group of the 22 volunteers.

We shall present first the 14 mentioned param-
eters in the three positions, and then the angles in the
same positions. The obtained congenital anomalies
will be described as well.

The parameters in flexion

The parameter 1 was the shortest distance be-
tween the dens tip and the basion (Fig. 3B; Fig. 4F, N, E).
It measured 1.50-8.20 mm (mean 3.95 mm) in
a neutral position (Table 1), and 1.20-7.80 mm (mean,
3.35 mm) in flexion (Table 2). The difference between
the neutral position and flexion ranged between
0.1 mmand 2.7 mm (mean, 0.84 mm). Itis obvious that
the basion and the dens tip are closer together fol-
lowing flexion (Fig. 4F). The statistical analysis showed
a significant difference (p < 0.002) between the
neutral position and flexion.

The parameter 2, i.e. the distance from the dens
tip to the opisthion, was shorter (mean, 0.99 mm)
in most of the individuals, but without a statistical
significance. As for the parameter 3, it represented
the distance between the dens tip and the cranial
border of the posterior atlas arch (Fig. 3B). It de-
creased in length by 1.10 mm on average follow-
ing flexion in the majority of the volunteers. The
parameter 4, i.e. the distance from the base of the
axis body to the opisthion (Fig. 3B), increased by
3.11 mm on average following flexion in most of the
individuals. The parameter 5, that is, the sagittal
diameter of the foramen magnum, had the same
values (mean, 37.5 mm) in both neutral position
and flexion (Tables 1, 2).

The parameter 6, which was the distance be-
tween the basion and the lower border of the axis
arch (Fig. 3B), decreased by 1.66 mm on average in
length in most individuals (p < 0.035). The param-
eter 7, i.e. the distance between the basion and the
most prominent point of the posterior atlas arch, was
shorter (mean, 0.74 mm) in the majority of the volun-
teers. This parameter showed a significant difference
between flexion and extension. The same situation



S. Marinkovi¢ et al., MSCT of craniovertebral junction

Figure 3. A. The mediosagittal three-dimensional multislice comput-
ed tomography section of the craniovertebral junction; 1 — the tip of
the odontoid process (dens); 2 — the anterior, and 3 — the posterior
arch of the atlas; 4 — the axis arch; 5 — the axis body; 6 — the
right lateral mass; 7 — the right occipital condyle; 8 — the basion;

9 — the opisthion; 10 — the foramen magnum; 11— the hypoglos-
sal canal; 12 — the mandible; B. Some of the measured parameters
of the craniovertebral junction presented in the same image as in
Figure 4A. Note the distances between the dens tip and the basion
(1), the opisthion (2), and the upper margin of the posterior arch of
the atlas (3). Also note the distances between the dens base and
the opisthion (4), the basion and the opisthion (5), the basion and
the root of the axis spinous process (6), the basion and the middle of
the posterior atlas arch (7), the middle point of the anterior atlas arch
and the opisthion (8), the opisthion and the posterior atlas arch (9),
the basion and the upper margin of the posterior atlas arch (10), the
posterior atlas arch and the axis arch (13), and the spinous process
of the axis and the third cervical vertebra (14). The distances 11 and
12 are described in the text.

was with the parameter 8, that is, with the distance
from the opisthion to the anterior atlantal arch, i.e.
its facet for the dens. It was longer (mean, 1.27 mm)
after flexion in most individuals.
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Table 1. Distances [mm] within the craniovertebral junction in neutral

position
Parameters Min—max (mean) 95% confidence
+ standard deviation interval

1 1.50-8.20 (3.95) = 1.49 3.28-4.61
2 30.00-44.10 (36.84) = 3.40 35.33-38.35
3 27.10-38.50 (31.57) + 2.88 30.29-32.84
4 41.40-57.50 (49.70) = 4.97 47.50-51.91
5 30.60-43.00 (37.35) = 2.88 36.07-38.62
6 40.20-57.80 (48.10) = 3.74 46.44-49.76
7 27.20-36.70 (31.24) = 2.66 30.06-32.41
8 38.10-51.50 (44.31) = 3.57 42.73-45.89
9 5.80-20.00 (11.40) + 3.1 10.01-12.78
10 28.50-40.50 (33.57) = 2.99 32.24-34.89
1" -4.10-6.30 (1.68) = 2.19 0.71-2.65
12 2.10-7.10(4.38) = 1.34 3.79-4.98
13 3.50-11.70 (7.40) + 2.39 6.34-8.46
14 1.90-9.10 (4.94) = 1.7 4.18-5.69

Table 2. Distances [mm] within the craniovertebral junction in flexion

Parameters Min-max (mean) 95% confidence
+ standard deviation interval

1 1.20-7.80 (3.35) = 1.51 2.68-4.02
2 27.80-43.20 (36.39) + 3.44 34.86-37.91
3 26.90-37.20 (31.19) = 2.68 30.00-32.38
4 43.70-61.60 (51.15) = 4.57 49.13-53.18
5 30.60-43.00 (37.35) = 2.88 36.07-38.62
6 40.20-57.10 (47.21) = 4.23 45.33-49.08
7 26.70-37.50 (31.06) = 2.78 29.83-32.29
8 37.50-50.90 (44.72) = 3.47 43.18-46.26
9 7.50-23.00 (13.20) + 3.36 11.71-14.69
10 28.60-38.10 (33.70) + 2.46 32.61-34.78
" -1.70-6.90 (2.27) = 1.94 1.41-3.13
12 1.20-7.50 (4.02) + 1.81 3.22-4.82
13 3.90-12.40 (8.08) + 2.40 7.02-9.15
14 1.80-8.70 (5.35) = 1.85 4.53-6.18

The parameter 9, which interconnects the opisthion
and the cranial border of the posterior atlantal arch
(Fig. 3B), increased in length (mean, 2.18 mm) follow-
ing flexion (Fig. 4F) (p < 0.0001). The parameter 10,
which extends from the basion to the cranial margin
of the posterior atlas arch, was slightly shorter (mean,
0.83 mm) in one half of the volunteers, and slightly
longer in those remaining (0.82 mm each).
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Table 3. Distances [mm] within the craniovertebral junction in extension

Parameters Min—max (mean) + 95% confidence
+ standard deviation interval

1 3.10-11.00 (6.44) = 2.05 5.53-7.35
2 28.90-44.80 (36.40) = 3.86 34.69-38.11
3 26.80-38.00 (31.41) = 2.93 30.11-32.71
4 34.40-60.10 (42.81) = 6.47 39.94-45.68
5 30.60-43.00 (37.35) = 2.88 36.07-38.62
6 41.10-53.80 (49.22) = 3.50 47.67-50.77
7 27.80-39.20 (32.91) = 3.02 31.57-34.25
8 37.00-51.00 (42.60) = 3.69 40.97-44.24
9 1.00-27.10(7.12) = 5.42 4.72-9.52
10 28.20-39.40 (33.93) = 2.91 32.64-35.22
" -8.60-4.50 (-0.15) + 2.69 -1.34-1.04
12 2.60-10.10(6.13) = 1.94 5.27-6.99
13 1.30-13.60 (4.96) = 2.82 3.72-6.21
14 0.90-7.00(3.31) = 1.59 2.61-4.02

The parameter 11 presented a horizontal dis-
tance from the basion to the longitudinal axis of
the dens (not presented in Fig. 3B). In the volunteers
with a positive value of that parameter (Fig. 4N), the
dens tip was positioned not only inferior but also
posterior to the basion (in 72.7%) at a mean dis-
tance of 2.65 mm. Following flexion, it was shorter
(mean, 1.07 mm) than in the neutral position in
one half of the volunteers, but it was slightly longer
(mean, 0.99 mm) or unchanged in the remaining
subjects. The dens tip was rarely seen inferior to and
at the basion level (18.2%). In the individuals with
a negative value (9.1%) of this parameter (Tables 1, 2),
the dens tip was located not only inferior but also
slightly anterior to the basion level. Nevertheless,
there was a significant statistical difference between
the parameter 11 values in the neutral position and
flexion (p < 0.047).

The parameter 12 (not presented in Fig. 3B) is
a vertical diameter on the dens axis, which extends
from its intersection with the parameter 11 line
to the tip of the dens. It was shorter (mean, 1.35
mm) following flexion. The parameter 13 was the
distance between the posterior atlas arch and the
axis arch (Fig. 3B). Similarly, the parameter 14 rep-
resented the distance between the arches of the
axis and the third cervical vertebra (Fig. 3B). The
parameter 13 was longer (mean, 1.32 mm) in flexion,
as was the parameter 14 (mean, 1.44 mm) in the
majority of the volunteers
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Figure 4. The sagittal three-dimensional multislice computed
tomography section of the craniovertebral junction in the neutral
position (N), flexion (F) and extension (E). Note the position of the
dens tip (+), the anterior and the posterior arch of the atlas (*), and
the basion and the opisthion (o).

The parameters in extension
The parameter 1, after comparing the extension
values to the data in the neutral position, increased in
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length by 2.81 mm on average (p < 0.0001). Obvious-
ly, the dens tip is more distant to the basion follow-
ing extension (Fig. 4E). The parameter 2 presented
either a decrease (mean, 1.44 mm) or an increase
(mean, 0.81 mm) in length. The parameter 3 showed
an increase (mean, 0.63 mm), and less frequently
adecrease (mean, 1.30 mm) in length. The parameter 4
presented a great decrease in length (mean, 8.16 mm)
(p < 0.0001). The parameter 5, i.e. the sagittal
diameter of the foramen magnum, was unchanged.

The parameter 6 was increased (mean, 2.40 mm)
following extension (p < 0.035). Parameter 7 also in-
creased in length (mean, 1.77 mm) (p < 0.0001). The
parameter 8 was longer (mean, 3.58 mm), and less
frequently shorter (mean, 1.6 mm). The parameter 9
showed a great decrease in length (mean, 5.39 mm)
(p < 0.0001), whereas the parameter 10 increased
in length (mean, 1.14 mm).

The parameter 11 was shorter (mean, 2.73 mm)
compared to the neutral position (p < 0.0001). In
these cases, the dens tip, which was inferiorly posi-
tioned, moved anteriorly toward the basion in 45.5%
of the subjects, or took a position at the level of the
basion (22.7%). The parameter 12 was longer (mean,
2.01 mm)inall subjects (p < 0.0001). The parameter 13
was shorter (mean, 3.09 mm). The parameter 14
decreased in length as well (mean, 1.78 mm).

The angles in flexion and extension

As regards the measured angles, the alpha (o)
angle was drawn starting from the opisthion. Its
upper limb represented the midsagittal diameter (the
parameter 5) of the foramen magnum, whilst its
lower limb passed through the tip of the dens (like the
parameter 2). This angle (Table 4) decreased in flexion
by 1° to 3° (mean, 1.59°). In extension, however, it
increased by 1° to 8° (mean, 3.18°). The statistically
significant difference was noticed in both instances
(p < 0.001 each).

Table 4. The values of the angles [°] in three cervical spine positions

Figure 5. A unilateral and bilateral unclosed foramen transversar-
ium (arrows) of the atlas in the superior view; 1 — the left trans-
verse process; 2 — the dens; 3 — the posterior atlantal arch.

The beta (3) angle was drawn from the caudal
and dorsal point of the axis body, i.e. exactly where
parameter 6 started (Fig. 3B). The anterior limb passed
along the posterior aspect of the axis body, whilst the
posterior limb coursed through the opisthion (like the
mentioned parameter 6). This angle was shorter in
flexion by 1°to 11° (mean, 3.36°). On the other hand,
the value of the angle increased in extension by 1° to
24° (mean, 7.10°). The statistically significant differ-
ence was observed in both cases (p < 0.001 each).

Congenital anomalies

Of the 22 volunteers, we found incidentally cer-
tain anomalies in 4 of them. Most often (13.6%) an
anteriorly unclosed foramen transversarium of the
atlas was observed, in 2 individuals unilaterally and
in 1 on both sides (Fig. 5). This dehiscence measured
from 5.1 mmto 11.0 mm (mean, 8.0 mm) in diameter.
The longest transverse diameter of these atlases, i.e.
the distance between the tips of the right and left
transverse processes, measured between 76.7 mm
and 87.9 mm (mean, 84.1 mm).

Position Angles Min-max (mean) + standard deviation 95% confindence interval: lower/upper bound
Neutral a 1.0-9.0(6.09) = 2.00 5.21-6.98
B 29.0-47.0(37.32) + 4.24 35.44-39.20
Flexion a 2.0-9.0(5.00) + 1.85 4.18-5.82
B 27.0-41.0(33.95) = 3.96 32.20-35.71
Extension a 1.0-15.0(9.32) = 3.15 1.92-10.72
B 31.0-51.0(42.91) + 5.76 40.35-45.46
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Figure 6. Posterior view of the skull and the cervical spine to show
a partial agenesis of the posterior atlas arch (between the two
asterisks); 1 — the foramen magnum; 2 — the odontoid process

(dens); 3 — the lateral mass of the atlas; 4 — the arch of the axis;
5 — the third cervical vertebra; 6 — the ramus of the mandible.

In 1 (4.5%) volunteer a partial agenesis of the
posterior arch of the atlas was noticed (Fig. 6). This
defect, which measured 5.2 mm, was located in the
middle part of that arch. The radiologic examination
of the defect following flexion and extension showed
no CVJ instability.

DISCUSSION

We paid a special attention to the mechanism of
the mentioned movements, that is, to the changes
of the CVJ bones relationships following flexion and
extension.

The CVJ in flexion

Due to a posterior gliding of the occipital condyles
along the superior articular facets of the atlas during
flexion, the anterior part of the occiput moves infe-
riorly (Fig. 4F), so that the tip of the dens gets closer
to the basion inferiorly (the parameter 1) but also
posteriorly (the parameter 11). The foramen mag-
num and the opisthion become displaced superiorly.
The distance of the dens tip to the opisthion (the
parameter 2) slightly decreases in length, as does the
distance to the posterior atlas arch (the parameter
3). The distance is usually also shorter from the latter
arch to the basion (the parameters 7 and 10), as well
as to the axis arch (the parameter 6).

The posterior atlas arch becomes distant from
the opisthion (the parameter 9). Due to an anterior
(ventral) bending of the cervical spine, the anterior
part of the intervertebral disks is narrowed, whereas
the distances among the C1, C2 and C3 arches (the
parameters 13 and 14) are usually longer in length
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(Figs. 2F, 4F). The C2 arch moves not only slightly superior-
ly but also slightly anteriorly (ventrally) (Figs. 4N, 4F). The
dens-atlas distance within the median atlantoaxial joint
is slightly shorter. In contrast, the distance between the
articular facets of the C1 and C2 vertebrae is longer
(Fig. 2F). Finally, as regards the two measured angles,
both the o and B angles are smaller in flexion.

The maximum flexion of the cervical spine is about
40° [25]. According to certain authors [19, 22, 29,
34], the range of flexion in the Oc—C1 joint averages
23.0-27.1¢, lateral bending is from 3.4° to 5.5°, and
axial rotation varies between 2.4° and 7.2°. As regards
the C1-C2 joints, the mean value of flexion is 10.1°.
Lateral bending reaches up to 6.7° on average, whilst
the axial rotation averages 23.3-38.9° per side.

The CVJ in extension

Two main changes can be seen in the extension:
an inferior movement of the posterior part of the
occiput, as well as a posterior bending of the cervical
spine (Fig. 4E).

Due to the former, the occiput is very close to the
posterior atlas arch (the parameter 9) (Figs. 3B, 4E).
On the contrary, there is a longer distance between
the basion and the anterior atlantal arch and the tip
of the dens (the parameter 1). A longer distance is
also present between the basion, on the one hand,
and the axis arch (the parameter 6) and the posterior
atlas arch (the parameters 7 and 10), on the other
hand. The distance from the dens tip to the opisthion
(the parameter 2) is either longer or shorter, as is the
distance to the posterior atlas arch (the parameter
3). The distance of the axis base to the opisthion (the
parameter 4) is shorter in length. It is usually the same
thing with the distance between the anterior atlantal
arch and the opisthion (the parameter 8).

Due to the posterior (dorsal) bending of the cervi-
cal spine, the distances among the C1-C3 arches (the
parameters 13 and 14) are significantly shorter, as
are the distances between the articular facets of the
cervical vertebrae (Fig. 2E). The anterior parts of the
intervertebral disks are larger in height (Figs. 2E, 4E).
Certain vertebral arches move slightly posteriorly, i.e.
dorsally (compare Figs. 4N and 4E).

Finally, both the o and B angles are larger in ex-
tension, what showed a highly significant difference
(p < 0.001 each).

According to some authors [25] the maximum
extension of the cervical spine, compared to the neu-
tral position, is about 20°. According to other reports
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[22, 34], extension in the Oc—C1 joint is between
24.5° and 24.9° on average, while in the C1-C2 joints
it averages 22.4°.

The variability of the same parameter in our volun-
teers in the same neck position, either flexion or ex-
tension, can occur due to two reasons. Firstly, because
of an erroneous measuring of some parameters. In
order to diminish the possible errors, two independ-
ent radiologists performed the measurements, and
their results were virtually identical. Secondly, some
individual variations of certain parameters in the CVJ
biomechanics cannot be excluded.

Congenital anomalies

We did not find any anomaly of the occipital bones
in our volunteers. On the other hand, we noticed,
firstly, three unclosed foramina transversaria of the
atlas and, secondly, a partial agenesis of its posterior
arch in one subject.

The former anomaly was reported several times
[1, 18], whereas the absence of that foramen was
noticed extremely rarely [35]. The incidence of the
mentioned incomplete foramen is between 2.0% and
10.2%, which is slightly less than in our group of the
volunteers (13.6%). This defect is usually located on
one side and rarely on both sides of the atlas, as was
revealed in one of our volunteers (Fig. 5).

This unclosed foramen is probably a result of
a disorder of the lateral secondary ossification
centre of the atlas, but an evolutionary cause
cannot be excluded [1, 27]. As regards the other
cervical vertebrae, including the axis, an occasional
defect of their transverse processes and foramina
was reported as a consequence of the congenital
absence of the costal element [13, 36]. In addition,
the latter defect can also be acquired, in which
case it is due to the compression by a tortuous
vertebral artery.

We also found a partial agenesis of the posterior
arch of the atlas in one volunteer. A partial failure of
the lateral primary centre and the two posterior para-
median secondary centres are most likely the basis
of this defect [26, 27, 33]. Other authors reported
various anomalies affecting the posterior arch, and
very rarely the lateral mass or the anterior arch (0.09-
0.4%) [4, 5, 7, 16, 27, 28, 30, 33]. Some anomalies
may simulate certain atlas fractures [3, 15].

In our volunteer, a middle defect of the posterior
arch was observed. There is sometimes a combina-
tion of the anterior-posterior arch anomalies, which
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is known as a split or bipartite atlas [14]. We found
such a combination in our previous patient with
a double pituitary gland [23]. Some of the mentioned
anomalies can cause the atlanto-occipital instability
[27, 28, 33].

As regards the axis, we did not observe any anom-
aly in the present study, but we described a duplica-
tion of the odontoid process and the axis body in
the mentioned patient [23]. The same anomaly was
noticed by some other authors as well [10, 32].

General discussion

Although most of the total angular mobility of
the cervical spine is expressed at the level of the C4/
C5 and C5/C6 vertebrae [25, 34], it was observed
that the CVJ is the most mobile part of the vertebral
column [22, 34]. Thus, most of the cranial flexion,
extension and rotation are performed at the CV)J
[19]. For this reason, many authors examined the
movements of the CVJ, which are enabled by the CVJ
bones, that is, the occiput, atlas and axis, connected
by certain joints: the atlanto-occipital (Oc-C1), and
the median and lateral atlantoaxial joints (C1-C2)
[19, 22, 34].

The bones are interconnected by the capsular
ligaments, and by the corresponding syndesmoses.
The CVJ joints enable flexion, extension, lateral bend-
ing, and rotation of the head and neck. Whilst the
C1-C2 joints are essential in head rotation, the right
and left Oc-C1 joints are crucial in flexion and exten-
sion. The mentioned syndesmoses stabilise the CV)J
complex, but also restrict hyperflexion, hyperexten-
sion and hyper-rotation, thus protecting the joints
themselves, but also the nearby valuable vascular
elements and vital neural structures [19, 22, 34].
The excessive movements within the Oc-C1 joints
are limited by the alar ligaments, the transverse
ligament of the atlas and, perhaps, by the tectorial
membrane [22, 34].

Some of the parameters, or the ratio of the cor-
responding diameters, in a neutral position are im-
portant in the evaluation of the interrelationships of
the CVJ bones in normal and pathologic situations
[11, 22]. Thus, the diameters 4 and 6 normally do
not intersect the atlas or the axis (Fig. 3B). The value
of the horizontal distance between the basion and
aline along the posterior aspect of the axis body (which
was not measured in our study) normally does not
exceed 12 mm anteriorly and 4 mm posteriorly. Finally,
the so-called Powers’ ratio, which is the relationship
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between parameters 7 and 8, is normally less than 1.
Whereas the ratio remains the same in flexion and
extension, some of the mentioned parameters do
change in those two positions.

As already mentioned, certain congenital anoma-
lies may appear within the CVJ. Two types of them
were found in our study as well. They did not cause
craniocervical instability.

CONCLUSIONS

Our study presented a detailed examination of
14 parameters and two angles in 22 volunteers. The
measured diameters decreased or increased, respec-
tively, in neck flexion and extension compared to the
neutral position. The two angles also changed their
values following the mentioned movements. Several
congenital anomalies were observed as well. The
obtained data can be of a certain clinical significance,
especially in the orthopaedics, rheumatology, neurol-
ogy and neurosurgery.
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