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Background: The aim was to examine the position of the brain stem and cervical
cord following the neck flexion and extension.

Materials and methods: The serial sagittal T2-weighted magnetic resonance
imaging (MRI) sections of the cervical cord and brain stem were made in 6 vo-
lunteers. The images were mainly used to measure certain distances and angles
of the brain stem and cervical cord in the neutral position, and then following
the head and neck flexion and extension.

Results: The measurements showed that the pons is slightly closer to the clivus
following the neck flexion, the medulla oblongata is somewhat distant to the
basion but closer to the odontoid process. At the same time, the spino-medullary
angle diminishes in size. On the other hand, the upper cervical cord slightly
approaches the posterior wall of the spinal canal, the lower cervical cord is closer
to the anterior wall, while the angle between them is significantly larger in size.
After the cervical cord extension, the rostral pons is somewhat distant to the
clivus, whereas the caudal pons and the medulla are slightly closer to the clivus
and the basion. At the same time, the spino-medullary angle diminishes in size.
The cervical cord is mainly closer to the posterior wall of the spinal canal, whilst
its angle is significantly smaller.

Conclusions: The obtained results regarding the brain stem and cervical cord mo-
tion can be useful in the kinetic MRl examination of certain congenital disorders,
degenerative diseases, and traumatic injuries of the craniovertebral junction and
the cervical spine. (Folia Morphol 2016; 75, 4: 439-447)
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INTRODUCTION

The biomechanics of the cervical spine, including
the craniovertebral junction (CVJ), has been examined
to a certain extent in the healthy persons [4, 8, 10,
22, 24, 36, 39], as well as in the patients with some
congenital disorders [12, 35], degenerative spine
diseases [2, 6, 21, 26-28, 31, 32, 38], rheumatoid
arthritis [18], neoplastic diseases [5, 29, 33, 34], and
following certain cervical spine trauma and the con-
secutive operations [1, 11, 15, 17, 23, 30].

On the other hand, dynamic movements of the
cervical spinal cord were examined relatively rarely
[3, 8, 13, 14, 19, 20, 26, 39]. The brain stem move-
ments were partially investigated only in a few articles
[5,7, 16, 27]. In addition, some authors examined the
position of the lower border of the adjacent cerebel-
lar tonsils and the 4t ventricle in the cervical spine
flexion and extension [7, 8].

Due to scarce data in this domain, we decided to
examine the movements of the spinal cord and the
brain stem following flexion and extension in a group
of healthy individuals.

MATERIALS AND METHODS

The magnetic resonance imaging (MRI) examination
was carried out in 6 healthy volunteers aged from
29 to 41 (mean, 34.7). Written consent was provided
from each of them, as well as from the Department of
Radiology and the Ethics Committee of the University
Clinical Centre. In each of the volunteers, 20 sections
2 mm in thickness were made in the sagittal plane.
The subjects were examined using the 1.5 T magnetic
resonance machine General Electric (GE) Sigma Hdx. The
following parameters were used in the MRI procedure:
T2/FRFSE, TR 4340, TE 109.6, and FOV 24 X 24.

Each volunteer was examined in a recumbent posture,
first in a neutral position. In the next step, a maximum
flexion was performed in each person, i.e. “with the chin
on the chest”, after placing a 25 cm plastic pillow below
the head. Finally, a maximum extension was performed
by placing a pillow under the upper scapular region of
each person. In the latter case, the MRI examination took
only a few minutes, in order to avoid a possible risk factor
for posterior circulation stroke [37].

Certain measurements were performed in those
persons (Fig. 1): a distance of the ventral surface of
the pons to the clivus (a), as well as the diameter of
the pons (b), at a line which starts from the fastigium
and runs perpendicular to the clivus; a distance from
the foramen caecum of the medulla oblongata to
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Figure 1. A schematic presentation of certain diameters and
distances measured in the sagittal magnetic resonance imaging
sections of the head and neck.

Figure 2. A schematic presentation of the angles measured in the
sagittal magnetic resonance imaging sections of the head and neck.

the clivus (c) at 90° to the clivus; the diameter of the
rostral medulla oblongata (d) from the foramen cae-
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Figure 3. The sagittal magnetic resonance imaging sections of the head and neck in flexion (A), neutral position (B) and extension (C).

cum, which is perpendicular to the rhomboid fossa;
a distance from the medulla to the anterior margin
of the foramen magnum, i.e. to the basion (e); the
diameter of the medulla at the level of the obex (f);
a distance of the area postrema to the posterior margin
of the foramen magnum, i.e. to the opisthion (g); the
sagittal diameter of the foramen magnum (h); a dis-
tance of the spinal cord to the level just below the tip
of the odontoid process (i), which is situated on a line
connecting the upper margin of the anterior arch of
the atlas and the middle of the anterior surface of the
posterior arch of the atlas; a distance of the spinal cord
to the middle of the anterior surface of the posterior
arch of the atlas (j); the diameter of the spinal cord at
the same level (k); a similar distances as in ‘i’ and ‘j’ of
the spinal cord to the cervical spine at the level of the
intervertebral discs C2/C3, C3/C4, and C5/C6, that is,
thel, m, n, o, p, q, r and s parameters (Fig. 1).

In addition, 3 angles were measured (Fig. 2). First-
ly, between a point in the middle of the transition
region of the spinal cord and medulla oblongata, at
the level just below the tip of the odontoid process,
whose upper limb is parallel to the rhomboid fossa,
whereas the lower limb passes along the axis of the
spinal cord to the level of the C2/C3 discus (angle
A). Secondly, between the upper limb of the previ-
ous angle and the lower limb which runs through a
point in the middle of the spinal cord at the level of
the C5/C6 disc (angle B); and between the upper limb
of the previous angle and a lower limb which passes
through the middle of the spinal cord at the level of
the T2/T3 disc (angle C).

The statistics comprised minimum and maximum
values, as well as counting the mean value, standard
deviation (SD) and confidence interval. The ANOVA
test was applied as well.
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Figure 4. The sagittal magnetic resonance imaging pictures in
three positions, i.e. flexion (blue), neutral (orange) and extension
(green), overlapped at the level of the T5 vertebra.

RESULTS

As already mentioned, the serial sagittal T2-weight-
ed MRl sections were performed in the neutral posture,
flexion and extension of the cervical spine of the vol-
unteers (Fig. 3). The MRI pictures of each person were
overlapped to show the angle differences between the
three positions of his or her head and neck (Fig. 4).

Measurement of distances and diameters

We measured the parameters from ‘a’ to 's’, which
were defined in the ‘Materials and methods’ section.
They were examined in the neutral cervical spine posi-
tion (Table 1), and in flexion (Table 2) and extension
(Table 3), respectively.

The parameter ‘a’ measurement, i.e. the distance
between the pons and the clivus (Fig. 1), diminished
in size after flexion in a range of 0.4-2.0 mm (mean,
0.92 mm) as compared with the neutral position
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Table 1. Measurements [mm] in neutral cervical spine position

Table 3. Measurements [mm] following cervical spine extension

Para- Max—min (mean) + 95% confidence interval Para- Min-max (mean) = 95% confidence interval
meters =+ standard deviation Lower Upper meters + standard deviation Lower Upper
bound bound bound bound
a 3.8-8.1(6.58) = 1.54 497 8.19 a 450-9.10(7.43) = 1.59 5.71 9.10
c 8.6-11.9(10.23) = 1.29 8.88 11.59 c 8.10-11.50(9.87) = 1.33 8.47 11.26
e 5.4-8.1(6.52) = 1.22 5.24 119 e 450-8.00(6.12) = 1.48 4.57 167
g 16.7-23.2 (19.53) = 2.40 17.01 22.06 g 16.00-21.70(18.17) = 2.15 15.91 2043
i 2.4-36(3.03) + 049 2.52 3.55 i 2.80-4.10(3.35) = 0.50 2.83 3.87
j 3.4-5,6 (4.48) + 0.85 3.59 5.38 j 3.10-5.40 (4.37) = 0.84 349 5.24
| 1.9-5.0(3.7) = 1.09 2.55 4.85 I 1.60-5.10(3.87) = 1.28 2.52 5.21
m 0.0-3.1(1.72) £ 1.13 0.53 2.91 m 1.40-3.40(2.42) + 0.78 1.60 3.23
n 1.5-2.8(2.45) = 0.48 1.95 2.95 n 1.40-4.10(2.82) + 0.87 191 3.73
0 0.0-4.6 (2.25) = 1.62 0.55 3.95 0 1.50-4.30 (2.75) = 1.08 1.61 3.89
p 1.8-3.1(2.38) = 0.43 1.94 2.83 p 1.70-3.50 (2.45) + 0.62 1.80 3.10
q 1.4-58(2.83) = 1.71 1.04 4.63 q 1.80-3.90 (2.48) + 0.83 1.61 3.35
r 0.9-3.5(2.53) + 0.88 1.61 3.45 r 1.60-2.30(1.98) + 0.28 1.69 2.28
s 0.8-4.8(1.98) + 1.46 0.45 3.51 s 0.60-3.50 (1.62) = 0.99 0.58 2.66

Table 2. Measurements [mm)] following cervical spine flexion

Para- Min-max (mean) £ 95% confidence interval
meters =+ standard deviation Lower Upper
bound bound
a 3.10-7.10(5.92) + 1.53 4.31 1.52
c 9.80-12.60(11.40) + 1.09 10.25 12.55
e 1.50-8.90 (6.17) = 2.62 3.42 8.92
g 16.00-21.10(18.22) + 2.36 15.74 20.70
i 1.70-3.00 (2.28) + 0.58 1.67 2.89
j 3.10-6.50 (4.63) = 1.49 3.06 6.20
| 2.80-5.50 (4.17) = 0.97 3.15 5.18
m 0.00-2.30(1.27) + 0.83 0.40 214
n 1.30-2.90(2.22) = 0.71 1.47 297
0 0.60-3.30 (2.38) + 0.96 1.38 3.39
p 0.90-2.20(1.43) + 0.43 0.98 1.89
q 1.30-5.90 (3.55) + 1.57 1.90 5.20
r 1.40-2.70 (2.17) £ 0.55 1.59 274
s 1.20-5.00 (2.63) = 1.49 1.07 4.20

(Table 2). In 1 person only the distance was 0.6 mm
longer. During extension, however, the distance was
0.6-4.3 mm (mean, 1.55 mm) longer in length in
most volunteers. In the remaining 2 persons the
distance was 0.1 mm and 1.6 mm shorter. How-
ever, there was no significant difference among the
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neutral position and flexion (p < 0.741), the neutral
position and extension (p < 0.619), and flexion and
extension (p < 0.240), neither in a single individual
nor following comparison in the whole group of
the volunteers.

As regards the ‘b’ parameter, that is, the diam-
eter of the pons, it was measured only in the neutral
position. This was the same situation with the ‘d’, ‘f’
and 'k’ parameters (Fig. 1). Similar parameters have
already been measured by other authors [18, 21]. At
any rate, the ‘b’ parameter measured 20.9-24.8 mm
(mean, 22.8 mm) in length, the ‘d’ was 12.0-16.1 mm
(mean, 14.0 mm), the ‘" was 10.3-13.7 mm (mean,
11.9 mm), and the 'k’ measured 7.5-10.1 mm (mean,
7.9 mm) in a neutral position. The 'h’ parameter, i.e.
the sagittal diameter of the foramen magnum, does
not depend on the head and neck position. It ranged
from 30.2 mm to 36.1 mm in length and averaged
33.5 mm.

The ‘c’ parameter showed an increase of 0.6—
—2.2 mm (mean, 1.17 mm) after flexion when compared
with the neutral position. It was diminished 0.2-
—-1.1 mm (mean, 0.65 mm) in length after extension in
all the persons except one. However, none of these
results were statistically significant.

The ‘e’ parameter presented an increase in length
between 0.4 mm and 0.8 mm (mean, 0.52 mm) in
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flexion in most of the volunteers. There were, how-
ever, the lower values, i.e. from 0.1 mm to 1.3 mm
(mean, 0.8 mm), following the spine extension. No
statistically significant difference was observed.

The ‘g’ parameter in flexion showed a decrease
in length from 0.5 mm to 3.6 mm (mean, 1.47 mm)
in 4 persons, but an increase of 0.2 mm and 0.8 mm
in 2 individuals. Similarly, a decrease was noticed
in most persons, ranging from 0.7 mm to 3.8 mm
(mean, 1.8 mm), following extension, but without
a statistical significance.

The ‘i’ parameter diminished 0.1-1.7 mm (mean,
0.96 mm) in length after flexion, and it increased
0.1-1.9 mm (mean, 1.08 mm) in length following
extension. There is a high statistical difference (p <
< 0.008) between the values in flexion and extension.

The ’j' parameter diminished in a half of the per-
sons (0.3-0.8 mm; mean, 0.4 mm), but increased
in the rest (0.1-0.7 mm; mean, 0.3 mm) in flexion.
Similarly, it was 0.4-0.5 mm (mean, 0.44 mm) larger
in a half of the subjects following extension, but
0.3-0.8 mm (mean, 0.5 mm) smaller or unchanged
in the remaining volunteers.

The I parameter was 0.2-1.9 mm (mean, 0.78 mm)
longerin flexion. It diminished insizein 2 persons (0.1 mm
and 0.3 mm, respectively) after extension, but it
increased in another 2 persons (0.4 mm and 0.6 mm),
and was unchanged in the remaining individuals.

The ‘'m’ parameter was unchanged in 2 persons
after flexion, and it was smaller in the remaining
individuals (0.5-1.4 mm; mean, 0.67 mm). It was
larger in all the volunteers (0.1-2.1 mm; mean,
0.87 mm) in extension. There was a statistically signifi-
cant difference between the values during flexion and
extension (p < 0.045).

The 'n’ parameter was longer in 4 persons (0.1-
—0.7 mm; mean, 0.3 mm) after flexion, and it was short-
er in the remaining 2 persons (0.7 mmand 1.2 mm, re-
spectively). It was longer in all the individuals (0.2-
—-1.3 mm; mean, 0.46 mm) after extension.

The ‘o’ parameter increased in 4 persons (0.3—-
—1.4 mm; mean, 0.92 mm) after flexion, and it decreased
in 2 subjects (0.6 mm and 2.6 mm). This param-
eter was longer in 5 individuals (0.1-1.5 mm; mean,
0.66 mm) in extension, and shorter in only one (0.3 mm).

The 'p’ parameter was smaller in all the volunteers
(0.1-0.4 mm; mean, 0.22 mm) after flexion, which
was a statistically significant difference (p < 0.013). It
was larger in 5 persons (0.1-0.4 mm; mean, 0.22 mm)
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following extension, and smaller in only one (0.7 mm).
The flexion/extension difference was highly significant
(p < 0.008).

The ‘q' parameter was longer virtually in all indi-
viduals (0.1-2.6 mm; mean, 0.88 mm) after flexion.
ltwas shorterin 3 persons (1.2-1.9mm; mean, 1.27 mm)
after extension, and longer in the remaining subjects
(0.4-1.4 mm; mean, 0.90 mm).

The 'r" parameter was smaller in practically all the
subjects (0.2-1.9 mm; mean, 0.54 mm) in flexion,
and it was larger in all the individuals (0.1-2.1 mm;
mean, 0.87 mm) in extension.

The ‘s’ parameter increased in all the volunteers
(0.2-1.3 mm; mean, 0.48 mm) after flexion. It dimin-
ished in size virtually in all the individuals (0.2-1.3 mm;
mean, 0.52 mm) in extension.

The angles measurement

As regards the angles (Fig. 2; Table 4), the first
of them (angle A) was, in fact, the spino-medullary
angle between the most rostral part of the cervical
cord and the brain stem. The second one (angle B)
represented the angle between the brain stem and
the upper cervical cord. The third one (angle C) was
actually the angle between the upper and lower cer-
vical cord, including the most rostral portion of the
thoracic cord. The obtained values were compared in
each volunteer in the three positions (neutral, flexion,
and extension), and then among all the examined
persons in these positions.

Angle A was smaller after flexion in 4 volunteers
(1-8°; mean, 3.7°) and larger in 2 persons, but only
between 1° and 3°, respectively, as compared with the
neutral spine position. It was larger in 4 individuals after
extension (2—6°), and smaller in 2 cases (5° each) (Table
4, Fig. 4). There was no significant statistical difference.

Angle B was smaller after flexion in 4 persons
(2-19°;, mean, 10.2°), and larger in the remaining
2 individuals (3° and 4°, respectively). Following exten-
sion, the angle increased in 4 volunteers (5-7°; mean,
6.2°) and decreased in 2 (4° and 7°, respectively).
A significant difference was not found.

Angle C was larger following flexion in all the
volunteers (11-48°; mean, 23.3°). Conversely, it was
smaller following extension in all persons (19-31¢;
mean, 26.0°). There was a highly significant differ-
ence of the values between the neutral spinal position
and flexion, the neutral position and extension, and
flexion and extension (p < 0.0001 each).
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Table 4. The values of the angles (degree) in three cervical spine positions

Position Angles Min-max (mean) + standard deviation 95% confidence interval: lower/upper bound
Neutral Angle A 159-176 (167.17) = 6.05 160.82/173.51
Angle B 168-191(179.17) = 8.93 169.79/188.54
Angle C 137-159 (153.00) = 8.32 169.79/161.73
Flexion Angle A 159-175 (165.33) = 7.23 157.75/172.92
Angle B 156-190 (173.17) = 10.98 161.64/184.69
Angle C 170-185(176.33) = 6.35 169.67/182.99
Extension Angle A 162-177 (167.67) = 5.47 161.93/173.40
Angle B 174-188 (181.50) = 5.47 176.12/186.88
Angle C 111-138(127.00) = 9.32 117.22/136.78
DISCUSSION The cervical spine extension

Our results will be discussed in the light of the
variations of the parameters following the neutral
position, flexion and extension, respectively, and then
in relation to the angles in the three positions.

The cervical spine flexion

The parameter ‘a’ diminishes in length, i.e. the
pons is approaching the clivus. At the same time,
the ‘c’ and ‘e’ parameter increase in length, so that
the medulla oblongata is getting somewhat further
from the basion. On the other hand, since the ‘g’
parameter is shorter, the medulla approaches the
opisthion.

Taking into account that the ‘i’ parameter dimin-
ishes in length, the odontoid process approximates
the medulla oblongata. At the same time, the ‘j’
parameter increases in length in some volunteers,
but decreases in the remaining persons. This could
mean that there are some changes in the diameter
of the cervical canal at this level in flexion. Endo et
al. [8] concluded that the canal increases in length
after flexion, i.e. its diameter is about 1 mm longer
[6, 13].

The ‘I' and ‘n’ parameters increase in length,
which means that the cervical cord is getting slightly
further from the anterior wall of the spinal canal at
the level of the C2-C3 and the C3-C4 intervertebral
disks. At the same time, the ‘'m’ and ‘o’ parameters
are somewhat variable. Finally, the smaller ‘p’ and
‘r' parameters indicate that the cervical cord ap-
proaches the C4/C5 and C5/C6 intervertebral disks.
On the opposite site, the ‘g’ and ‘s’ parameters are
larger in size.
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The ‘a’ parameter shows an increase in length in
the majority of the volunteers. On the other hand, the
‘c’ parameter decreases in most of the individuals, as
the ‘e’ parameter does. This means that the rostral
pons moves slightly away from the clivus, whereas
the caudal pons and the medulla are approaching
the clivus and the basion.

The ‘i’ parameter increases in length in all the
subjects, whereas the ‘j’ parameter decreases in size
in most of the individuals. In other words, the medulla
is here slightly more distant to the odontoid process.

The ‘I’ parameter shows some variability: it can be
increased, decreased or unchanged. The ‘m’ parameter
is larger in all the persons. The 'n’, ‘p’ and 'r’ param-
eters are also increased in all the cases, indicating that
the cervical cord here is slightly distant to the anterior
wall of the spinal canal. The ‘o’ parameter is increased,
whereas the 'q’ parameter is either increased or de-
creased, respectively. It seems that the cervical canal
here changes its diameter. The other authors registered
a slight narrowing of the canal in extension [6, 8, 13].
Finally, the parameter ‘s’ is decreased in most individu-
als, which means that the cervical cord at this level is
slightly closer to the posterior wall of the spinal canal.

The angles analysis

Angle A is, actually, the spino-medullary angle
(Fig. 2). It was somewhat smaller in most individuals
after the spine flexion. It was larger, however, in the
majority of the persons following the spine extension.

A similar situation occurred with angle B; that
is, it was most often smaller after flexion, but larger
following extension in the majority of the volunteers.
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The angle C was significantly larger after flexion
(p < 0.0001) inallthe volunteers. On the other hand, it was
significantly smaller following extension (p < 0.0001).

General discussion

The parameters’ measurement after the cervical
spine flexion showed a closer position of the pons to
the clivus, but a slightly larger distance of the medulla
to the clivus and the basion in the majority of the
persons. It is obvious that certain individual varia-
tions exist in our group of the volunteers. Similarly,
Doursounian et al. [7] noticed that the free space in
front of the pons is narrowed in 61% of the examined
persons, and in front of the medulla in 77.8%, but
unchanged or larger in the remaining individuals.

As regards the adjacent structures, an ascend-
ing or descending movement of the cerebellar tonsil
(1 mm on average) was observed by Endo et al. [8].
On the other hand, a slight downward shift of the
4t ventricle was noticed by Doursounian et al. [7].

The medulla just below the level of the foramen
magnum is slightly closer to the odontoid process
after flexion in our volunteers. It is most likely due to
an increase of the atlas-dens interval during flexion
[27]. This interval is much longer following a trans-
verse ligament rupture [25].

The upper cervical cord is usually slightly distant
from the anterior wall of the spinal canal, whereas the
lower cord is usually closer to the same wall in flexion.
The other authors noticed that the cervical cord is
11.7 mm on average longer from extension to flexion
[8]. During elongation, the posterior surface of the
cord increases by 10%, whereas the anterior surface
increases by 6% [39]. According to the latter authors,
the upper cord moves caudalwards, and the lower
cord moves rostralwards during flexion. The elonga-
tion is accompanied by a smaller cross-sectional area
of the cord in flexion [19, 22]. The elongation is most
likely due to the cord’s sliding along the cervical canal,
together with the spinal nerve roots.

It is understandable that the brain stem follows
the mentioned axial movement of the cervical cord.
According to Ji and Margulies [16], during the head
and neck flexion, the pons moves about 2 mm ros-
trally or caudally, respectively, depending on the spi-
nal cord tension and gravity.

Following the spine extension, our parameters
showed that the rostral pons is somewhat distant
from the clivus, whereas the caudal pons and the
medulla are closer to the clivus and the basion. In
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addition, the medulla is slightly away from the od-
ontoid process.

As for the cervical cord, it is most often slightly
distant from the anterior wall of the spinal canal.
Miura et al. [26] noticed that an average cord distance
in the maximum extension position was smaller at
the C4/C5 and C5/C6 level. The cervical cord is shorter
following extension and it has a larger cross-sectional
area [6, 14, 19, 22]. There is a reduction of up to
1.5 mm of the cervical canal diameter, and its short-
ening after extension [8, 13].

The analysis of the angles during the spine move-
ments shows, firstly, that the spino-medullary angles
A and B were usually smaller in the spine flexion and
larger after extension, but most often a few degrees
only. This was also confirmed by other authors [28].
According to Doursounian et al. [7], the spino-medul-
lary angle varies from 1° to 32° (mean, 14°) in flexion.
We found a smaller angle A (1-8°; mean, 3.7°), and
alarger angle B (2° to 19°; mean, 10.2°) from neutral
to flexion in the majority of the volunteers.

As regards the angle C, its values are significantly
higher after the spine flexion, but much lower in exten-
sion (p < 0.0001). This was also confirmed by the findings
of certain authors [27]. In other words, the movements
were much more expressed in the region of the cervical
cord than between it and the brain stem. To prove this
visually, we overlapped the images of the three positions
of the cervical spine and the skull at the level of the brain
stem of each volunteer (Fig. 5). The other authors revealed
that most of the total angular mobility of the cervical
spine is at the C4/C5 and C5/C6 levels [28].

Most of the parameters measured in the sagittal MRI
scans of our subjects are, de facto, related to the diam-
eters of the anterior and posterior spinal subarachnoid
space filled with the cerebrospinal fluid (CSF). The CVJ is
a transition zone between the mentioned spinal space and
the similar compartments of the posterior cranial fossa,
especially the premedullary and the cerebellomedullary
cisterns [9].

The cerebrospinal hydrodynamics are, in fact,
the relationships between the volume, pressure,
and flow of blood and CSF. Dynamics, which are
mainly driven by arterial pulsations, are modified
by respiration, but also by upright posture, recum-
bent position, and cervical spine movements. In the
upright posture, for instance, the arterial pulsations
during a systole pump a larger volume of blood into
the spinal and cerebral arteries. This causes some
rise in the intracranial arterial pressure, which is
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Figure 5. The sagittal magnetic resonance imaging pictures from
Figure 4 overlapped in the region of the skull and brain stem.

compensated by an immediate increase in the CSF
and venous blood drainage, not only via the internal
jugular vein but also through the corresponding
emissary veins, which link certain dural sinuses to
the vertebral venous plexuses [9].

In any case, there is enough CSF reserve for a nor-
mal spinal cord displacement in flexion and extension.
However, complex patterns of the pressure waves
and the pressure gradient of the CSF and blood are
expressed in the patients with Chiari malformations,
syringomyelia, migraines, and the CVJ malformations
and diseases [9]. In most of these subjects, dissocia-
tion occurs between the intracranial and the spinal
pressure pulses of the CSF.

Our data obtained by measuring the mentioned
parameters and angles may help in assessing the cer-
vical cord and brain stem positions and movements
in certain disorders, diseases and traumatic injures of
the cervical spine [5, 11,12, 17, 18, 21, 23, 29-35, 38].
This is especially true for the corresponding spine
and CVJ degenerative diseases [2, 6, 21, 26, 38].
A dynamic MRI examination of the cervical spine and
CVJ is very important clinically, because the static MRI
can show only morphological changes in this region,
but not their behaviour during movements [6, 21].
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As already mentioned, the cervical spine and cord
elongate during flexion, the spinal canal increases in
diameter, the spinal cord becomes thinner, and the an-
terior subarachnoid space is slightly larger in the upper
part but narrower in the lower part of the canal. In pa-
tients with spondylosis, there is a marked compression
of the nerve roots or the spinal cord occasionally by the
osteophytes following flexion [6]. Similarly, detection of
disc herniation and, eventually, spinal cord compression
rises by 5.78-19.46% in the same position [21].

On the other hand, the cervical spine and cord
are shortened during extension, whilst the spinal
cord is wider and closer to the posterior wall of the
spinal canal. Due to that, there is an increase of the
spinal canal stenosis and a cord compression by the
posterior ligaments thickening and by retrolisthesis
in extension [6, 31].

It is obvious that a dynamic MRl is especially use-
ful in spondylotic myelopathy, disc herniation, and
ligamenta flava diseases, as well as in the follow-up
of the symptomatic patients, and in the preoperative
evaluation of the cervical cord and the spinal canal
conditions [5, 6, 8, 23, 26-28, 31, 38].

CONCLUSIONS

Our study showed that the brain stem slightly
changed its position during the cervical spine flexion
and extension, respectively. However, the greatest
amplitudes of the movements were expressed at the
level of the lower cervical cord in both flexion and
extension. The obtained findings could be important
when assessing the dynamic factor in cervical spon-
dylotic myelopathy, cervical spine trauma and certain
congenital disorders in this region.
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