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CLINICAL AND RADIOLOGICAL FEATURES
OF ATLANTOAXIAL DISLOCATIONS ASSOCIATED
WITH CONGENITAL MALFORMATIONS
OF THE CRANIOVERTEBRAL JUNCTION

O.M. Pavlova, S.0. Ryabykh, A.V. Burtsev, A.V. Gubin

Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, Kurgan, Russia

Objective. To analyze clinical and radiological features of congenital atlantoaxial dislocations (AAD) in congenital craniovertebral junction
malformations.

Material and Methods. The data of 26 patients with AAD associated with congenital pathology of the craniovertebral junction, who applied
to the Ilizarov Center in 2012—2017, were analyzed.

Results. Patients were divided into three groups: with non-syndromic AAD — 6 (23.1 %) patients, with AAD associated with Klippel —
Feil syndrome — 11 (42.3 %) and with syndromic AAD — 9 (34.6 % ). Odontoid anomalies were observed in 15 (57.7 %) patients, the
magnitude of dislocation was determined from the C1 facet displacement relative to that of C2 in different planes. Patients with non-
syndromic AAD had local pain syndrome (VAS score 4.20 + 2.64) accompanied by torticollis and restriction of head movements, and
myelopathy. In patients with AAD associated with Klippel — Feil syndrome, the local symptoms prevailed: restriction of neck movements,
torticollis, neck pain (VAS score 2.40 + 2.01), and myelopathy. Myelopathy and unpronounced pain syndrome (VAS score 2.30 + 1.94)
were leading symptoms in patients with syndromic AAD.

Conclusion. Patients with syndromic AAD more often have myelopathy, whereas AAD with the Klippel-Feil syndrome and non-syndromic
AAD are often manifested by local symptoms.
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Atlantoaxial dislocations (AADs) with
underlying congenital malformations
of the craniovertebral junction have
been most extensively studied in
India and China [17, 27, 36-38]. It is
known that mortality rate associated
with traumatic AAD is 60—80% due to
sharp compression of the spinal cord
and brain stem [14, 35, 39]. There
are no data on mortality in patients
with AAD with underlying congenital
malformations of the craniovertebral
junction, but the reported incidence of
myelopathy is 40 to 100% [17, 25, 28,
29, 36]. Traumatic injuries and excessive
flexion in the cervical region are the
risk factors for neurological instability
in patients with AAD. The main factors
predisposing to the development of
AAD in children include odontoid

hypoplasia or aplasia, odontoid bone (os
odontoideum), occipitalization of the
atlas in combination with C2—C3 block,
dysplasia of the articular processes of
C1 and C2 vertebrae accompanied by
symmetric or asymmetric enhancement
of the angles of the lower facets of Cl
and superior facets of C2, bone dysplasia,
Down syndrome, connective tissue
dysplasia accompanied by ligamentous
laxity at the craniovertebral junction.

The study was aimed at determining
clinical and radiological features of AAD
associated with the congenital pathology
of the craniovertebral transition.

Study design. Retrospective and
prospective analysis of a series of clinical
cases, level of evidence IV.
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Material and Methods

A retrospective and prospective
monocentric cohort of 26 patients
with AAD with underlying congenital
pathology of the craniovertebral
junction, who applied to the Russian
llizarov Scientific Center for Restorative
Traumatology and Orthopaedics
(Kurgan) in 2012-2017.

Inclusion criteria were as follows:
AAD with underlying malformations of
the craniovertebral junction, adequate
X-ray archive.

The following critetia were assessed:
sex, age at the time of admission, the
nature of the onset of symptoms, the
presence of a trigger, the duration of the
disease, AAD type, including classification
according to Fielding and Hawkins [9],
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Samartzis et al. [33]), myelopathy (JOA
score as modified by Benzel), local
symptoms, including neck pain (VAS
score), concomitant pathology, the data
from introscopic methods. The following
radiological parameters were assessed
based on X-ray images, MRI, and CT:
the type of craniovertebral junction
malformation, the angle of the inferior
facets of Cl1 in the sagittal and frontal
planes according to Salunke et al. [31],
displacement of the inferior facet of
Cl in the sagittal and frontal planes on
the median sagittal and frontal sections
through the facet, sagittal diameter
of the canal at the level of C1 and C2,
sagittal diameter of C1 and the foramen
magnum, vertical atlantoaxial index
(VAAI according to the Kulkarni and
Goel), anterior atlantodental interval
(ADI), atlantooccipital dissociation (BAI
and BDI indices), displacement of the os
odontoideum bone (if any).

Literature sources were searched
in the PubMed (NCBI), e-Library, and
Google scholar databases. Search
keywords: congenital atlantoaxial
dislocation, congenital atlantoaxial
displacement, congenital atlantoaxial
subluxation, basilar invagination,
congenital atlantoaxial instability,
odontoid bone (os odontoideum), dens
hypoplasia.

Results

There were 14 (54 %) male and 12 (46 %)
female patients. The average age at the
time of admission was 9.0 = 5.4 years
(2 to 24 years).

All patients had C1 vertebra
dislocation in various planes and
directions: anterior— 22 (84.6 %),
posterior— 2 (7.7 %), central — 17
(65.4%), rotational — 19 (73.1 %). The
dislocation was biplanar in 12 (46.2 %)
patients, triplanar in 11 (42.3 %), and
monoplanar in 3 (11.5 %).

Developmental anomalies of C2
odontoid process were found in 15
patients, odontoid hypoplasia in 4
(154 %), os odontoideum in 11 (42.3 %).

We classified the patients into
three groups based on the degree of
dislocation of the inferior facets of Cl1

with respect to C2 in the sagittal plane,
depending on displacement magnitude:
up to 3 mm - Grade [, 3-5 mm -
Grade II, more than 5 mm — Grade III
(Fig. 1). When an equal displacement
of the facets in opposite directions was
observed (anterior and posterior), this
dislocation was considered as rotational.
Grade I dislocation was detected in 2
(8.3 %) of 24 patients with C1 dislocation
in the sagittal plane, Grade 1I in 12
(50.0 %), Grade III in 10 (41.7 %); in the
latter two cases, posterior dislocation was
observed.

Identification of the rotational AAD
type according to Fielding and Hawkins
[9] was not possible in 10 patients with
odontoid anomalies, since ADI could
not be measured. In these patients, the
severity can be determined based on
C1 rotation value. The following types
of rotational dislocations (according to
Fielding and Hawkins) were observed in
9 patients with AAD without odontoid
malformations: type I in 5 patients, type
Ilin 1 patient, type IIl in 2 patients, type
IVin 1 patient.

The severity of the rotational
dislocation was determined based the
displacement of C1 facets in the axial
plane, namely based on the difference
in displacement of the right and
left inferior facets of C1 in opposite
directions with respect to the facets of
C2: Grade I with the difference in facet
displacement of 3 mm, Grade II - 3-5
mm, Grade III - more than 5 mm on
both sides (Fig. 1). The following types of
rotational dislocations were observed in
19 patients: Grade I in 6 (31.6%) patients,
Grade I1in 9 (47.4 %) patients, Grade III
in 4 (21.0 %) patients. Traditionally, this
classification matched the classification
of Fielding and Hawkins in only one
of nine patients. This can be attributed
to the fact that the classification of
Fielding and Hawkins takes into account
dislocation in the axial and sagittal
planes, while our staging is based only
on dislocation in the axial plane. We
evaluated dislocation in the sagittal plane
based on the aforementioned individual
criteria.

The subtypes of rotational AADs
according to Samartzis et al. [33] were
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determined in all patients: subtype A
accompanied by abnormal development
of C1-C2 and sub-axial cervical spine
was observed in 13 (68.4 %) patients,
subtype B (developmental anomalies
of C1-C2 without developmental
anomalies of the subaxial cervical spine
- 6 patients).

Identification of the grade of central
dislocation according to Kulkarni and
Goel [15] was not possible in 13 patients
with odontoid malformation, 2 (11.8 %)
patients had a mild Grade I dislocation
(11.8 %), 2 patients — Grade II dislocation.
Additionally, identification of the lower
boundary of C2 could be inaccurate in
some patients with the Klippel - Feil
syndrome in the case of C2 and C3 block.
In 12 (75 %) patients with developmental
abnormalities of the odontoid process,
central dislocation was identified based
on the presence of lateral displacement
of C1 facets.

Patients with a central dislocation
were divided into three groups
depending on the lateral displacement
magnitude of the facets of C1: less than
3 mm — Grade I, 3—5 mm — Grade II,
more than 5 mm — Grade III (Fig. 2).
In the case of equal displacement of
the facets of Cl in one direction (to
the right or to the left), the dislocation
was interpreted as a rotational one.
According to this classification, 2 (11.8 %)
patients had central dislocation — Grade
I, 11 (64.7 %) — Grade 11, 4 (23.5 %) —
Grade 11 These types matched those of
Kulkarni and Goel in 4 patients without
odontoid abnormalities.

The patients were divided into three
subgroups depending on the etiology of
the process:

1) 6 (23.1 %) patients with non-
syndromic AAD associated with isolated
craniovertebral defect;

2) 11 (42.3 %) patients with AAD
associated with Klippel-Feil syndrome;

3) 9 (34.6 %) patients with syndromic
AAD associated with various genetic and
metabolic syndromes: Down syndrome
(n = 1), mucopolysaccharidosis (n = 1),
spondyloepiphysic dysplasia (n = 3),
spondylometaphysial dysplasia (n = 1),
and undifferentiated bone dysplasia
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Fig. 1

Median sagittal sections through the right and left facets of C1 vertebra in a patient with
triplanar dislocation: anterior displacement of the left facet by 29 mm, anterior displacement
of the right facet by 6.2 mm; anterior Grade III displacement; Grade II displacement in the
axial plane: the difference between displacement of the right and left facets is 3.3 mm
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Fig. 2

Median frontal section through the right and left facets of C1 vertebra in a patient with
undifferentiated bone dysplasia and odontoid hypoplasia: outward displacement of the right
facet by 7.3 mm, outward displacement of the left facet by 11.1 mm, Grade III

accompanied by Binder phenotype
(n=13).
Nonsindromal AAD
Developmental anomalies of the
odontoid process and spina bifida
posterior C1 are characteristic of patients
with non-syndromic AAD (Table 1). It
should be noted that all patients with
o0s odontoideum (OsO) from the non-
syndromic AAD group had a dystopic
0s0 (Fig. 3a) with significant dislocation
(3 to 10 mm in different planes).

In five patients, there was a chronic
slowly progressing dislocation without

triggering factors; in one patient
with os odontoideum, manifestation
was subacute after minimal trauma
(torticollis, restriction of neck
movements, neck pain).

All patients with non-syndromic AAD
had localized pain syndrome (VAS 4.20 +
2.64 points) accompanied by torticollis
and restricted head movements, three of
them had myelopathy (14.50 + 4.00 on
JOA scale as modified by Benzel).

Analysis of the tilt angle of C1 facets
in patients with non-syndromic AAD
showed that tilt angle of the inferior facet
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of C1 in the sagittal plane was 122.00° +
71.00° on the right and 123.20 £ 72.44°
on the left (2 patients with posterior
dislocation had an acute, or inverse, tilt
angle on both sides), the tilt angle of the
inferior facet of C1 in the frontal plane
was 149.00° = 17.94° on the right and
14230 £ 8.95° on the left. Displacement
of the inferior facets of C1 with respect
to the facets of C2 was 2.50 £ 3.33 mm
on the right and 4.20 + 2.73 mm on
the left in the sagittal plane, 4.20 & 1.41
mm on the right and 3.30 = 1.47 mm
on the left in the frontal plane. In most
cases, anterior and outward displacement
was observed, but two patients with an
inverted tilt angle of the inferior facets
of Cl in the sagittal plane demonstrated
an asymmetric posterior displacement of
up to 9 mm.

The sagittal diameter of the foramen
magnum is 35.90 £ 849 mm, the sagittal
diameter of C1 is 24.8 £ 2.3 mm. The
sagittal diameter of the spinal canal at
the level of C1 is 14.70 = 4.50 mm, at the
level of C2 — 14.70 £ 240 mm.

ADI and VAAI values could be reliably
measured only in three patients without
developmental abnormalities of the
odontoid process: ADI was 1.70 = 0.58
mm and VAAI was 0.74 £ 0.21.

Atlantooccipital dissociation (BAI
and BDI of more than 12.0 mm) was
observed in one patient.

There were developmental anomalies
of the cardiovascular, respiratory, and
genitourinary systems.

AAD with underlying Klippel — Feil
syndrome

AAD with underlying Klippel - Feil
syndrome often occurs in the case of C2—
C3 block and Cl1 occipitalization, spina
bifida posterior C1 occurs in almost half
the cases (Table 2).

In patients with this type of AAD,
there was chronic, slowly progressing
dislocation without triggering factors
dominated by local symptoms (Table 3):
restriction of neck movements, torticollis,
neck pain (VAS 240 £ 2.01 points). Three
patients had myelopathy of 19.90 £ 2.00
points according to JOA as modified by
Benzel.

The tilt angle of the lower facet of C1
in the sagittal plane averaged 132.50° £
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Table 1

The most common malformations of the craniovertebral junction associated with non-syndromic

atlantoaxial dislocations
Anomaly
Spina bifida C1

Os odontoideum

Occipitalization of C1

Patients, n (%)

3(50.0); 2 post, 1 ant
3 (50.0); dystopic
2 (33.3)

53.06° on the right and 139.30° + 39.82°
on the left, the tilt angle of the lower
facet of Cl in the frontal plane was
148.60° = 16.57° on the right and 149.30°
+ 17.31° on the left. The displacement of
the inferior facets of C1 was 2.60 % 1.35
mm on the right and 4.90 £ 3.88 mm on
the left in the sagittal plane, 2.50 + 2.21
mm on the right and 2.80 £ 3.15 mm on

the left in the frontal plane. The facets
were most often displaced in anterior
and outward direction. The sagittal
diameter of the foramen magnum was

33.80 = 5.04 mm, C1 — 29.70 + 4.58 mm.

The sagittal diameter of the spinal canal
at the level of C1 was 17.60 + 6.58 mm, at
the level of C2 — 16.10 + 4.12 mm. ADI
and VAAI values were reliably measured

uilion

Fig. 3

displacement of the os odontoideum (b)

Median frontal and sagittal CT sections of a patient with dystopic os odontoideum from the
group of non-syndromic atlantoaxial dislocations: anterior and left displacement of the os
odontoideum (2); median frontal and sagittal CT sections of the patient with orthotopic
o0s odontoideum from the group of syndromic atlantoaxial dislocations: anterior and left
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in 8 patients without development
anomalies of the odontoid process and
amounted to 4.10 + 1.92 mm and 0.76
+ (.15, respectively. Atlantooccipital
dissociation (BAI and BDI of more than
12.0 mm) was observed in 5 (45.5 %)
patients.

Seven patients had hemifacial
microsomia (Goldenhar phenotype),
three patients with myelopathy
had combined progressive scoliosis.
Concomitant heart abnormalities were
detected in 3 patients and one patient
with each of the respiratory system
anomaly, mental retardation, grade
2 obesity, celiac disease, and chronic
tonsillitis.

Syndromal AAD

Os odontoideum was observed in 7
patients in the group of syndromic AAD,
it was orthotopic in 6 patients (Fig. 3b);
displacement of the odontoid process
from 3 to 12 mm was observed in 4
patients (Table 4).

There was chronic slowly progressing
dislocation in 6 patients with syndromic
AAD without triggering factors;
manifestation was subacute or acute
after minimal trauma (tetraparesis) in 3
patients with developmental anomalies
of the odontoid process.

Symptoms of myelopathy (8.30 +
5.32 on JOA as modified by Benzel) and
local pain syndrome (VAS 2.30 = 1.94
points, Table 5) dominated in patients
with syndromic AAD.

In patients with syndromic congenital
AAD; tilt angle of the inferior facet of C1
was 149.10 + 14.63° on the right and
145.60° £ 21.80° on the left in the sagittal
plane, 145.80° + 12.86° on the right and
141.20° + 16.22° on the left in the frontal
plane. The displacement of C1 facet was
5.30 £+ 4.00 mm on the right and 4.90
+ 3.82 mm on the left in the sagittal
plane, 5.20 = 2.11 mm on the right and
5.30 = 2.40 mm on the left in the frontal
plane; displacement most often occurred
in anterior and outward direction.
The sagittal diameter of the foramen
magnum was 32.00 £ 6.04 mm, the
sagittal diameter of C1 was 27.00 + 7.11
mm. The sagittal diameter of the spinal
canal at the level of C1 was 7.80 £ 2.35
mm, at the level of C2 — 11.10 + 3.13
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Table 2

Anomaly

The most common malformations of the craniovertebral junction associated with atlantoaxial

dislocations with underlying Klippel — Feil syndrome

Patients, n (%)

C2—C3block 9 (81.8)
Spina bifida C1 5 (45.5); 2 post, 3 ant + post
Occipitalization of C1 5(45.5)
Odontoid hypoplasia 2(18.2)
Spina bifida C2 2(18.2)
Os odontoideum 1 (9.1); aucronmueckas
Chiari malformation 1(9.1)
Syringomyelia 1(9.1)
Table 3
Symptoms in the group of patients with atlantoaxial dislocations associated with Klippel — Fail
syndrome
Symptoms Patients, n (%)

atlantoaxial dislocations

Anomaly

Os odontoideum
Spina bifida C1
Odontoid hypoplasia
Spina bifida C2

Restricted neck movement 11 (100.0)

Torticollis 10 (90.1)

Neck pain 8 (72.7)

Hemifacial microsomia 7 (63.6)

Myelopathy 3(27.3)
Table 4

The most common malformations of the craniovertebral junction associated with syndromic

Patients, n (%)

7 (77.8); 6 orthotopic, 1 dystopic
4 (44.4); 4 post, 3 ant

2(22.2)

1(11.1)

mm. Reliable measurement of ADI and
VAAI was impossible, since all patients
from this group had developmental
anomaly of the odontoid process of C2.
Atlantooccipital dissociation (BAI and
BDI of more than 12.0 mm) was detected
in 6 patients.

One patient with undifferentiated
bone dysplasia had cardiac malformation,
2 patients had deformities of the upper
respiratory tract of varying severity
(constriction and deformation of the
trachea and bronchi), 3 patients had
underdevelopment of the midface

(Binder phenotype), 6 patients with
underlying myelodysplasia and
bone dysplasia developed combined
progressive scoliosis, 3 patients had
talipes valgus with articular contractures,
3 patients had mental retardation.

VAAL in patients with developmenial
abnormalities of the odontoid process
VAAT was 0.73 + 0.53 in 4 patients with
odontoid hypoplasia, 0.59 * 0.16 in
11 patients with OsO (the apex of the
odontoid process was considered as the
apex of the os odontoideum). Normal
VAALI values (0.71 to 0.80) were observed
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in four patients out of 26; 0.81 to 1.00 in
5 patients, while outward displacement
of both facets of C1 with respect to C2,
i.e. axial dislocation, was observed in 4
patients.

Displacement of the os odontoideum

In the case of non-syndromic AAD with
underlying dystopic OsO (3 patients),
displacement in different planes up
to 3 mm was observed. In the case of
AAD with underlying Klippel — Feil
syndrome, dystopic OsO was detected
in only one patient in the form of
anterior and left dislocation by 8 mm. In
the case of syndromic AAD with OsO (7
patients), orthotopic OsO was observed
in 6 patients, and dystopic OsO was
observed in 1 patient; 3 patients with
orthotopic OsO had no bone dislocation.
Os odontoideum was displaced in one of
three planes (by 3 to 9 mm) in 3 patients,
simultaneously in two planes (by 3 to 12
mm) — in 5 patients.

Discussion

Dislocation direction. We used several
classifications which turned out to be
quite non-uniform when analyzing the
literature.

Anterior and posterior AAD. Anterior
dislocations can be associated with
transverse ligament laxity, where C2 tilts
in posterior direction during flexion
and straightened during extension. Its
anterior motion is restricted by C1 arch,
so that only anterior displacement of
C1 is observed in this case [1-3, 31].
Dislocation in two planes is possible
in the case of the os odontoideum
or odontoid aplasia, when C2 body
movements are not restricted by the
transverse ligament and the anterior arch
of C1, so that C2 body can be displaced
in two directions, anterior and posterior
[1-3, 31].

The proportion of anterior
dislocations in our patient setting
was much higher compared to the
proportion of posterior ones (22 and
2 patients, respectively), which is most
likely associated with the anatomical
features of the craniovertebral junction,
the physiological downward slanting of
the plane of C1 facet in the posterior-
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Table 5

Symptoms in patients with syndromic atlantoaxial dislocations

Symptoms

Scoliosis

Tetraparesis

Neck pain

Pelvic dysfunction

Midface underdevelopment

Equinovarus

Patients, n (%)

8 (88.9)
8 (88.9)
7 (77.8)
3(33.3)
3(33.3)
2(22.2)

anterior direction: reverse orientation
of the facet plane (downward slanting
in the anterior-posterior direction) was
observed in two patients with a posterior
dislocation.

Rotational AAD. As a rule, this type of
dislocation occurs in one plane (axial)
due to pterygoid ligament insufficiency
in children, as well as congenital
malformations of the cervical spine [4].

There are several types of rotational
AAD [13, 21], and Samartzis et al. [33]
extended this classification for the use
in patients with congenital pathology
of the cervical spine. This classification
evaluates C1 dislocation in both sagittal
and axial planes simultaneously, which
is its advantage: type I implies a pure
rotational dislocation, types II and III —
rotational and anterior.

Normal ADI in children is 4 mm or
less, which necessitates its modification
for pediatric patients and it is a drawback
of this classification. Furthermore,
despite the fact that it implies gradation
of rotational AADs, it does not directly
evaluate the degree of Cl1 rotation,
but rather the degree of the anterior
dislocation of C1.

Central (vertical) AAD. As noted earlier,
the adjacent C1—C2 facets are normally
horizontal and parallel; in the case of
their slant orientation in the frontal
plane, C2 body tends to slide upward
with respect to the head (due to the
weight of the patient’s head during
flexion). Therefore, high tilt angle of
these joints in the frontal plane leads
to telescoping of the C2 body into C1
ring, central dislocation, and posterior
displacement of C2. In the case of true
basilar invagination (Goel type A), basal

skull structures forming the foramen
magnum are raised or invaginated into
the posterior cranial fossa. Invagination
of the foramen magnum automatically
leads to superior displacement of Cl1
and C2; nevertheless, C1 and C2 have
normal structure and relationships in
the case of type A basilar invagination.
When the relationships between C1 and
C2 are abnormal, the correct diagnosis
is either “central AAD” (in the case of
mild dislocation), or “axial invagination”
(in extreme forms), or “type B basilar
invagination”.

Therefore, type A basilar invagination
is an abnormal relationship between
the foramen magnum and the posterior
cranial fossa, whereas AAD (type B basilar
invagination) is the central dislocation of
C2 or axial invagination. These states can
occur concomitantly [11].

This concept of AAD is quite new, and
therefore, central AAD is considered as a
form of basilar invagination rather than
individual pathology in most sources.

Various ways to determine the degree
of basilar invagination based on radio-
logical parameters have been proposed:
Chamberlain line [5], McGregor line [22],
McRae line [24]. Kulkarni and Goel [15]
recommend using VAAI to determine
the degree of vertical AAD. Despite the
variety of indices and measurements,
normal values for various age groups of
children are not defined. Furthermore,
our experience shows that the measured
data are not reliable in the case of
anomalies of the C2 odontoid process
(hypoplasia, aplasia, OsO). The central
AAD can be estimated based on the
disposition of the lateral masses of C1
with respect to C2 in the frontal plane on
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the frontal section through the middle of
the lateral masses of C1.

Hybrid AAD. In our group, 23 (88.5 %)
patients had a hybrid AAD.

We found some patterns characteristic
of different AAD groups:

1) patients with non-syndromic AAD
had moderate to severe dislocation
(Grade II-TIT) in three planes, 4 (66.6 %)
cases;

2) most patients with AAD associated
with Klippel—Feil syndrome had a
biplanar dislocation: anterior Grade
[I-1III (91.0 %) and rotary Grade [—II
(63.6 %) dislocation,

3) most patients with syndromic
AAD had Grade [I-III dislocation in the
sagittal and frontal planes (anterior and
central) (889 %).

Unilateral and bilateral AAD. Lutsik et
al. [1, 2] classify C1 dislocations into
unilateral and bilateral. All our patients
had bilateral dislocations.

AAD reducibility and stability of the
craniovertebral junction.

AAD is reducible, when C1 and C2 can
be reduced by flexion/extension of the
neck or traction. Possible reasons of non-
reducibility of AAD (fixed or superstable
AAD) include bone or fibrous block
of joints and ligaments, inadequate
traction, pain and muscle spasm, which
can hinder reduction even in the case
of adequate traction, transligamentous
dislocation of the odontoid process [12,
16, 31, 37,40, 41].

Deepak et al. [7] found a number of
patterns for reducible and non-reducible
AADs: the incidence of segmentation
disorders (Klippel - Feil syndrome) was
significantly higher in the case of non-
reducible AADs compared to reducible
ones; at the same time, 0s odontoideum
was much more common in the case
of reducible AADs than with non-
reducible ones. Further, non-reducible
AADs are more often associated with
developmental abnormalities of the
vertebral artery.

Salunke et al. [31] and Behari et al. [3]
found that patients with reducible AADs
are characterized by slightly more acute
sagittal angle of the lower facet of Cl1
compared to that in healthy individuals.
In the case of non-reducible AADs with
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underlying congenital abnormalities of
the craniovertebral junction, facets of
C1—C2 joints are more inclined in the
sagittal and coronal planes [32]. The
more acute is (craniocaudal) inferior
sagittal facet angle of C1, the earlier the
non-reducibility stage arises. Additionally,
age-related changes make the lower
cervical joints rigid. This gradual
restriction of movement increased load
on the ligaments and capsules of C1—C2
joints and enhances instability [32].

Several criteria have been proposed to
determine atlantoaxial instability: ADI of
more than 4 mm in children and more
than 3 mm in adults [10] with a neutral
head position, a difference between ADI
in flexion and extension of 3.5 mm [18]
or 3 mm (3—6 mm — grade I, more than
6 mm — grade IT) [1, 11, 12], in the case
of rotation, depending on the angle of
the atlantoaxial rotation (40 to 60° —
grade I, more than 60° — grade II) [1].
The individual morphology of the defect
and the age of a child should be kept in
mind, since ADI up to 4 mm is normal
in children [18]; hypermobility in the
atlantoaxial articulation is also normal
in patients with Down syndrome [20, 23,
20, 30].

The information content of the
functional radiographs is quite
low compared to CT and MRL It is
recommended to carry out functional
flexion-extension CT and MRI of the
cranjovertebral junction in all patients
with os odontoideum, odontoid
hypoplasia and aplasia, as well as
genetic syndromes [6, 8, 19]. We did
not carry out routine functional CT and

MRI of the craniovertebral junction to
determine stability and reducibility of
dislocations and were guided by the
presence of developmental abnormalities
of the odontoid process, the degree of
C1 dislocation in prone position, the
presence of stenosis of the spinal canal,
and signs of myelopathy.

When measuring the tilt angles of
the facets of Cl in the sagittal plane, the
following patterns were found:

1) the tilt angle is more acute in the
group of non-syndromic AADs and AADs
with underlying Klippel—Feil syndrome;

2) the flattest position of the plane of
the inferior facets of C1 and the smallest
variation of the values was observed in
the group of syndromic AAD, ie., they
were the most unstable and mobile,
which confirms the presence of the
development anomalies of the odontoid
process in all patients in this group;

3) the average tilt angle of the facets is
136.40° + 48.61° on the right and 136.90°
+ 44.6° on the left in all groups, that is,
less than 150°, which explains the higher
incidence of C1 dislocation in the sagittal
plane.

Measurement of the tilt angles of C1
facets in the frontal plane showed the
following pattern: the tilt angle was more
acute in the group of syndromic AAD,
which may explain the higher incidence
of Grade II and Grade III central
dislocations in this group.

Syndromic and non-syndromic AADs

There are a number of differences
between syndromic and non-syndromic
AADs with underlying congenital
pathology of the craniovertebral
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junction: for example, AADs with
underlying genetic syndromes are often
reducible; non-reducible AADs are more
common in patients with the Klippel-
Feil syndrome or with an isolated
abnormality of the craniovertebral
junction. In this case, myelopathy and
stenosis of the spinal canal are more
characteristic of syndromic AADs [23,
34]. All the aforementioned features were
confirmed in our study.

Conclusion

It is important to differentiate between
the syndromic and non-syndromic forms
of AADs and AADs with underlying
Klippel - Feil anomaly, since the
prognosis in these patients is different.
Myelopathy is more common in the
case of syndromic AADs, these patients
require early and aggressive surgical
treatment. AADs with underlying Klippel
— Feil syndrome and non-syndromic
AADs often manifest in the form of local
symptoms.

The existing classifications of AADs
are not always suitable for patients with
congenital AADs, since developmental
abnormalities of the odontoid process
are common in this group. We proposed
a new classification based on the
evaluation of the displacement of the
inferior facets of C1 with respect to C2 in
the sagittal and frontal planes as shown
by CT.

The study was not sponsored. The authors declare
no conflict of interest.
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