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Abstract
Background This prospective study attempts to study the
clinico-radiological differences between patients with syn-
dromic AAD (SAAD), non-syndromic AAD (NSAAD), and
AAD with Klippel–Feil anomaly (AADKFA) that may im-
pact management.
Methods In 46 patients with AAD [SAAD (including
Morquio, Down, Larson and Marshall syndrome and achon-
droplasia; n=6); NSAAD(n=20); and, AADKFS (n=20)], my-
elopathy was graded as mild (n=17, 37 %), moderate (15,
32.5 %) or severe (14, 30.5 %) based on Japanese
Orthopaedic Association Score modified for Indian patients
(mJOAS). Basilar invagination (BI), basal angle, odontoid
hypoplasia, facet-joint angle, effective canal diameter,
Ishihara curvature index, and angle of retroversion of odontoid
and vertebral artery (VA) variations were also studied.
Statistics Clinico-radiological differences were assessed by
Fisher’s exact test, and mean craniometric values by
Kruskal–Wallis test (p value ≤0.05 significant)

Results Incidence of irreducible AAD in SAAD (n=0), NSA
AD (11.55%) and AADKFS (n=18.90 %) showed significant
difference (p=0.01). High incidence of kyphoscoliosis (83 %)
and odontoid hypoplasia (83 %) in SAAD, and assimilated
atlas and BI in NSAAD and AADKFA groups were found. In
AADKFA, effective canal diameter was significantly reduc-
ed(p=0.017) with increased Ishihara index and increased an-
gle of odontoid retroversion; 61 % patients had VAvariations.
Thirty-five patients underwent single-stage transoral decom-
pression with posterior fusion (for irreducible AAD) or direct
posterior stabilization (for reducible AAD). Postoperative
mJOAS evaluation often revealed persistent residual myelop-
athy despite clinical improvement.
Conclusions Myelopathy is induced by recurrent cord trauma
due to reducible AAD in SAAD, and compromised cervico-
medullary canal diameter in NSAAD and AADKFA. SAAD in
childrenmay bemissed due to incomplete odontoid ossification
or coexisting angular deformities. In AADKFA, decisions re-
garding vertebral levels to be included in posterior stabilization
should take into consideration intact intervening motion seg-
ments and compensatory cervical hyperlordosis. Following VA
injury, endovascular primary vessel occlusion/stenting across
pseudoaneurysm preempts delayed rehemorrhage.

Keywords Atlantoaxialdislocation .Syndromicatlantoaxial
dislocation . Klippel Feil anomaly . Surgery . Radiology

Introduction

Atlantoaxial dislocation (AAD) has the potential to precip-
itate quadriparesis, severe respiratory distress, and even
sudden mortality. A review of the nontraumatic and nonin-
flammatory causes of AAD identifies three subgroups of
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patients: (a) nonsyndromic AAD [NSAAD; both irreducible
or reducible AAD but without cervical vertebral fusion]; (b)
congenital AAD with Klippel–Feil anomaly [AADKFA]
associated with contiguous level vertebral fusion [16, 23];
and (c) syndromic AAD [SAAD] associated with various
genetic and metabolic syndromes such as Down’s syndrome
[23], Larson’s syndrome [5], achondroplasia [14, 24],
Marshall’s syndrome [21] and Morquio’s syndrome [2,
11]. While abundant literature exists on these individual
groups of patients as well as on the commonality of issues
related to the coexisting AAD [2, 4–7, 18, 21, 24], their
clinico-radiological differences have not been adequately
highlighted. In this study, we attempt to compare their
unique clinico-radiological features and study the emerging
therapeutic implications.

Material and methods

Patient spectrum

Forty-six patients (36 male and 10 female patients) with AAD
[minimal atlanto-dental interval greater than 3mm in adults and
4 mm in those aged less than or equal to 9 years on lateral
dynamic (in flexion and extension of the neck) radiographs
(n=46) and lateral reconstructed images of the computed to-
mographic (CT) scan of the craniovertebral junction (n=45)]
were prospectively included in this study conducted from July
2011 until November 2012. Patients with inflammatory, tuber-
culous or traumatic AAD were excluded from the study. All of
them had either features suggestive of slowly progressive high
cervical myelopathy (n=34) or a history of sudden onset of
quadriparesis that gradually improved over time (n=12). The
patients underwent a detailed neurological examination with
grading of their myelopathy as mild, moderate or severe based
on the Japanese Orthopaedic Association Score (JOAS) mod-
ified for Indian patients (Table 1) [10].

Radiological assessment

The patients also underwent a craniocervical magnetic reso-
nance imaging (MRI) to assess for coexisting soft tissue ab-
normalities. On dynamic cervical plain radiographs or CTscan
of the craniovertebral junction, various radiological parameters
were assessed. Basilar invagination (BI) was diagnosed on the
basis of various craniometric lines, including Wackenheim’s
clival canal line, McGregor’s line, Chamberlain’s line and
McRae’s line [29]. Associated bony anomalies, like assimila-
tion of atlas, fused upper cervical or sub-axial contiguous
vertebral bodies, rotational abnormality and scoliosis, atlanto-
dental interval, basal angle, effective canal diameter at foramen
magnum, and odontoid process anomalies, were also assessed
[29]. The Ishihara cervical curvature index was evaluated by

initially drawing a line from the dorsocaudal aspect of C2 body
to the dorsocaudal aspect of C7 body (A). Then, four lines a1,
a2, a3 and a4 were drawn perpendicular to line A from the
dorsocaudal part of C3, C4, C5 and C6 vertebral bodies,
respectively. The Ishihara curvature index was the ratio of
sum of measurement of the four smaller (a1, a2, a3, a4) line
segments divided by the line segment A, expressed as percent-
age [12, 30]. The C1/C2 facet angle, that is, the angle sub-
tended between two lines passing tangentially through the
superior surface of bilateral atlantoaxial facet joint lines was
also assessed (Tables 2 and 3). The angle of retroversion of the
odontoid [calculated by measuring the angle subtended by a
tangential line along the anterior border of the odontoid and C2
body joined to the vertical axis (the y axis)] was also calculated
in the three groups [1] (Fig. 1)

In 27 patients, a CT angiography of the cranio-vertebral
junction was also performed to evaluate for the variation in
the course of the third part of the extradural vertebral artery
(Table 4) [10, 15, 28, 33].

Following radiological evaluation, the patients of AADwere
divided into three subgroups: (a) NSAAD (n=20) [reducible
n=9, irreducible n=11]; b) AADKFA [n=20; reducible n=2,
irreducible n=18] with fusion of two or more contiguous
cervical vertebrae (Fig. 2); and, (c) SAAD [n=6; reducible
n=6, irreducible n=0] that included Morquio’s syndrome (n=
2; reducible AAD with mucopolysaccharidoses-IV, Fig. 3) [2];
achondroplasia [n=1; autosomal dominant disorder with dwarf-
ism, large skull, narrowing of the vertebral canal and cervical
instability] (24); Larson’s syndrome [n=1; facial dysmorphism,
joint hyperelasticity with multiple dislocations and reducible
AAD] [5]; Down’s syndrome (n=1; trisomy-21 with mental
retardation, coarse facial features, simian palmer crease, cardiac
anomalies and atlanto-axial instability) [6]; and Marshall’s syn-
drome (n=1, autosomal dominant connective tissue disorder
with involvement of eye, face and joints and atlanto-axial
instability) [21]. The Department of Genetics, based on radio-
logical, biochemical and genetic markers independently con-
firmed the presence of these syndromes in our patients. In our
study, coexisting C2–C3 fusion with or without subaxial spinal
fusion and without any other syndromic association (except
coexisting stigmata of craniovertebral junction anomalies such
as short neck, low hairline, high arched palate) placed the
patient in the category of AADKFA rather than SAAD.

Preoperative management

Thirty-five patients underwent either transoral decompression
with posterior stabilization or solely posterior stabilization
based on whether or not AAD was irreducible. Twenty-four
to forty-eight hours prior to surgery, in patients with irreducible
AAD, a Crutchfield’s cervical traction with a weight of 2–5 %
of body weight up to a maximum 7 kg was applied. This
traction was maintained during the surgical procedure in all
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patients [25]. A hard cervical collar was advocated in the
patients in the post-operative period for a minimum period of
3 months until bony fusion had been demonstrated on lateral
cervical radiographs or sagittal reconstructed images of CTscan
of the craniovertebral junction. The mean Japanese Orthopedic
Association Score modified for Indian patients (mJOAS) was
utilized for assessing the postoperative status at discharge [12].

Statistical analysis

The prospectively collected patient’s data in the three groups
was recorded using the SPSS for Windows software (version
14th; SPSS Inc). Descriptive analysis of the data was carried
out by comparison of the clinico-radiological data of patients

within the three groups. The significant differences between
variables of the three groups were calculated by Fisher’s
exact test. A p value of less than or equal to (≤) 0.05 was
considered as significant. A comparison of median values
between the three groups was calculated by Kruskal–Wallis
test. A p value ≤0.05 was considered as significant.

Results

Clinical spectrum

The preoperative assessment of the 46 patients with AAD
revealed a mild myelopathy (mJOAS greater than or equal to

Table 1 Japanese Orthopaedic
Association Score
(JOAS) modified
for Indian patients1

Severity of myelopathy: mild:
score >13, moderate:
score=8–12, severe: score ≤ 7

Jain VK, Behari S: Management
of congenital atlanto-axial
dislocation: some lessons learnt.
Neurol India 2002;
50:386–97 [12]

A) Upper extremity function

0 Impossible to eat rice with fingers or with spoon or to write.

1 Possible to eat with spoon but impossible with fingers or to write.

2 Possible to eat rice with spoon and fingers but inadequate;
able to write but handwriting indecipherable.

3 Possible to eat rice with fingers; and able to grip pen and write,
but awkward

4 Normal

B) Lower extremity function

0 Impossible to walk

1 Need cane or aid on flat ground

2 Need cane or aid only on stairs

3 Possible to walk without cane but slow

4 Normal

C) Sensory

1.Upper extremity 0 Apparent sensory loss

1 Minimal sensory loss

2 Normal

2.Lower extremity

0 Apparent sensory loss

1 Minimal sensory loss

2 Normal

3.Trunk

0 Apparent sensory loss

1 Minimal sensory loss

2 Normal

D. Bladder function

0 Complete retention

1 Severe disturbance

a. Inadequate evacuation of bladder

b. Straining

c. Dribbling of urine

2 Mild disturbance

a. Urinary frequency

b. Urinary urgency

3 Normal
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[≥] 13) in 17 (37 %) patients; moderate myelopathy (mJOAS
between 8 and 12) in 15 (32.5 %) patients; and, severe mye-
lopathy (mJOAS ≤7) in 14 (30.5%) patients. Thus, nearly 62%
of patients in the present study were either partially or com-
pletely dependent on others for their daily needs. Twelve
patients with mild myelopathy initially had severe quadripare-
sis due to minor trauma that progressively improved over time

(Table 1). There were 6 patients with SAAD and 20 each with
NSAAD and AADKFA, respectively (Tables 2, 3 and 4). The
mean age of patients with SAAD (8.50±6.86 years) was much
lower than the mean age of patients with NSAAD (34.50±
4.01 years) as well as AADKFA (30.45±14.52 years). A
comparison of the clinical features between SAAD versus
NSAAD revealed that a significant number of patients with

Table 2 Comparison of clinico-radiological features in patients having syndromic AAD, nonsyndromic AAD, and AAD with Klippel–Feil
anomaly

SAAD
n=6, 100 %

NSAAD
n=20, 100 %

AAD-KFA
n=20, 100 %

p value ≤0.05 significant
(based on Fisher’s exact test)

SAAD v/s
NSAAD

AADKFA v/s
SAAD

NSAAD v/s
AADKFA

A) Clinical presentation

a. Sex

-male 5(83) 16(80) 16(80) 1.00 1.00 1.00

-female 1(16) 4(20) 4(20)

b. Neck pain 0 16(80) 10(50) 000* 0.027* 0.47

c. Progressive limb weakness 3(50) 18(90) 17(85) 0.062* 0.11 1.00

d. Restricted neck movement 0 7(35) 17(85) 0.14 0.00* 0.001*

e. Short neck 3(50) 2(10) 10(50) 0.032* 0.76 0.04*

f. Sensory deficit 1(16) 17(85) 12(60) 0.01* 0.16 0.07

g. Low hair line 3(50) 3(15) 7(35) 0.11 0.64 0.01*

h. Facial signs 5(83) 4(20) 6(30) 0.004* 0.05 0.46

i. Vertigo 0 1(5) 2(10) 1.00 1.00 0.22

j. Torticollis 0 7(35) 14(70) 0.14 0.003* 0.027*

k. Sprengel’s deformity 0 0 2(10) – 1.00 0.72

B) Radiological profile

a. Reducible AAD 6(100) 9(45) 2(1) 0.017* 0.00* 0.013*

b. Irreducible AAD 0 11(55) 18(90) 0.017* 0.00* 0.013*

c. Assimilation of atlas 1(16) 12(60) 18(90) 0.16 0.02* 0.028*

d. AOD 1(16) 0 0 0.23 0.23 –

e. Os odontoideum 0 3(15) 1(5) 1.00 0.72 0.36

f. Os terminale persistans 1(16) 1(5) 0 0.41 0.23 1.00

g. Anterior arch anomaly 2(33) 13(65) 19(95) 0.35 0.009* 0.06

h. Posterior arch anomaly 2(33) 12(60) 17(85) 0.04* 0.04* 0.017*

i. Basilar invagination 1(16) 14(70) 15(75) 0.020* 0.018* 0.72

j. Platybasia 1(16) 7(35) 8(40) 0.393 0.38 0.74

k. ACM type I 0 3(15) 2(10) 1.00 0.42 0.63

l. Syringomyelia 0 3(15) 5(25) 0.31 0.29 0.69

m. Asymmetry of lateral mass 0 9(45) 13(65) 0.42 0.05* 0.20

n. Rotational component 0 10(50) 14(70) 0.053* 0.04* 0.19

o. Degenerative changes at adjacent
segments of vertebrae

0 9(45) 12(60) 0.042* 0.01* 0.34

p. Multiple level blocked vertebrae 0 0 5[25] – 0.29 0.27

q. Kyphoscoliosis 5(83) 7(35) 12[60] 0.065* 0.38 0.11

r. Odontoid hypoplasia 5(83) 0 1[5] 0.00* 0.01* 0.31

AAD Atlanto axial dislocation, KFA Klippel–Feil anomaly, AOD atlanto occipital dislocation, ACM Arnold–Chiari malformation, SAAD syndromic
AAD, NSAAD nonsyndromic AAD

*Italicized bold figures indicate statistical significance
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NSAAD had pain in the nape of neck with cervical radicular
symptoms while none in the syndromic group complained of
these symptoms (p=000). The non-syndromic group also had a
higher incidence of restricted neck movement (35 %, p=0.001)
and torticollis (35 %, p=0.001) when compared with their

counterparts with SAAD. Majority of patients with SAAD
could be easily distinguishable from their nonsyndromic
patients by their dysmorphic facial features and short neck.
There was also a significant difference in the incidence of
progressive quadriparesis between the two subgroups.

Table 3 Comparison of craniometric parameters between the three group (based on Kruskal–Wallis test)

Craniometric value SAAD [n=6]
(median ± interquartile range)

AADKFA [n=20]
(median ± interquartile range)

NSAAD [n=20]
(median ± interquartile range)

p value ≤0.05
significant*

ECD in mma 17.00±7.00 8.00±6.00 10.0±5.00 0.017*

Ishihara curvature index [10] 4.40±22.7 22.50±25.4 5.30±31.5 0.23

Atlanto-axial facet angle in degrees 130±33 121±40 130±25 0.54

Basal angle in degrees 146±26 132±25 132±22 0.93

Angle of retroversion in
degreesb [28]

0±20 22.5±14 20±10 0.019*

AAD atlanto-axial dislocation, KF Klippel–Feil, ADI atlanto-dental interval, ECD effective canal diameter
a The effective canal diameter was significantly different (p=0.017) in patients having syndromic AAD and in patients having AAD with KF
anomaly. However, the effective canal diameter in the former two groups did not have a statistically significant difference from the patients having
non-syndromic AAD
b The angle of retroversion was calculated by measuring the angle subtended by a tangential line along the anterior border of the odontoid and C2
body joined to the vertical axis (the y axis). The angle of retroversion was significantly high (p=0.019) in the AADKFA and NSAAD groups when
compared with the SAAD group

* italicized bold figures indicate statistical significance

Fig. 1 a Basal angle is the angle subtended by joining the line passing
through the planum sphenoidale with the line tangential to the slope of
clivus with both lines intersecting at the tuberculum sellae; b Ishihara
cervical curvature angle: A line is drawn from the dorsocaudal aspect of
C2 body to the dorsocaudal aspect of C7 body (A). Then, four lines a1,
a2, a3 and a4 are drawn perpendicular to line A from the dorsocaudal part
of C3, C4, C5 and C6 vertebral bodies, respectively. The Ishihara

curvature index is the ratio of sum of measurement of the four smaller
(a1, a2, a3, a4) line segments divided by the line segment A, expressed as
percentage; c Atlanto-axial facet joint angle: the angle subtended between
two lines passing tangentially through the superior surface of bilateral
atlanto-axial facet joint lines; d Angle of retroversion of axis: angle
subtended by a tangential line along the anterior border of the odontoid
and body of C2 joined to the vertical axis (the y axis)
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Eighteen out of 20 (90%) patients had progressive weakness in
the NSAAD group while only 3 out of 6 (50 %) patients had
progressive quadriparesis in the SAAD group (p=0.006); in the
remaining 3 patient with SAAD, the AAD was diagnosed
during routine investigations after a mild myelopathy was
detected. Patients of AADKFA had a significantly higher inci-
dence of restricted neck movement (85 %, p=0.001), short
neck (60 %, p=0.04) and torticollis (70 %, p=0.027) when
compared to the patients with NSAAD as well as SAAD.

Radiological profile

All patients (6 out of 6, 100 %) with SAAD had reducible
AAD; on the other hand, only 9 patients with NSAAD out of
20 (45 %) had reducible AAD (p=0.01). The patients with
AADKFA had a high incidence of irreducible AAD with 18
out of 20 (90 %) patients having an irreducible AAD (p=
0.01). There was also a significantly higher posterior atlantal
arch assimilation (p=0.04) and basilar invagination (p=0.018)
in patients with NSAAD as compared to SAAD. In patients in
the AADKFA category, the incidence of assimilated posterior
arch of atlas (p=0.02) was significantly higher than even the
NSAAD subgroup. The incidence of platybasia was also

double in the later categories when compared to the SAAD
group but not statistically significant. An interesting finding
was the high incidence of kyphoscoliosis (83 %) and odontoid
hypoplasia (83 %) in the SAAD group as compared to the
NSAAD group (Tables 2 and 3).

The effective canal diameter was significantly reduced in
neutral lateral cervical spine radiographs in the NSAAD and
AADKFA groups when compared with the SAAD group
(p=0.017). The atlanto-axial facet joint angle (mean angle=
116.68±22°) and the basal angle (mean angle=137.43±
14.46°) were not significantly different in the three subgroups.
In patients with AADKFA, there was an increase in the
Ishihara curvature index (median value: 22.5) in patients with
AADKFAwhen compared with the other groups. There were
two groups of patients with AADKFA (n=20). Fifteen of
them with occipitalized atlas and C2–C3 fusion had median
Ishihara index values (in neutral position of the neck) of
17.50±30.2; while 5 of them with multiple level fusion con-
sisting of occipitalised atlas, C2–C3 fusion and subaxial cer-
vical fusion had median values of 27.00±15.5. Thus, the
increase in levels of contiguous vertebral level fusion in-
creased the compensatory lordosis of the cervical spine
(Table 3). This also manifested as a significant increase in

Table 4 Variations in the vertebral artery anatomy on CT angiography in the three groups. CT angiography was done in 27 out of 46 patients

Variations in vertebral artery evaluated on CT angiography/DSA Syndromic
AAD n=6
(100 %)

AAD with KF
anomaly n=20
(100 %)

Nonsyndromic
AAD n=20
(100 %)

Total N=46
(100 %)

1. Abnormal medial loop of the V3 segment in vertebral artery
groove on the C1 posterior arch associated with assimilated atlas

0 5 (25) 7 (35) 12 (26)

2. Abnormal medial loop of the V3 segment in vertebral artery groove
on the C1 posterior arch with contra lateral vertebral artery and
internal carotid artery aplasia

0 1 (5) 0 1(2.1)

3. Anomalous PICA origin from V3 segment of vertebral artery 0 0 1 (5) 1(2.1)

4. Tortuous V2 segment 0 4 (20) 6 (30) 10 (21)

5. Unilateral vertebral artery dominance 1(16) 7 (35) 8 (40) 16 (34)

6. Unilateral vertebral artery hypoplasia 0 0 5 (25) 5 (10.86)

7. Bilateral symmetrical vertebral arteries with equal diameter 1(16) 3 (15) 7 (35) 11(23)

AAD Atlanto-axial dislocation, PICA posterior inferior cerebellar artery, V2 Second vertebral artery segment, V3 Third vertebral artery segment,
C1 atlas, CT computed tomography, DSA digital subtraction angiography

Fig. 2 AADKFAwith a sagittal
reconstructed CT image
showing C2–C3 and C4–C6
vertebral body fusion;
b coronal CT images showing
asymmetrical occipito-atlanto-
axial facet joints; and
c T2 sagittal MR image
showing compression at the
craniocervical as well as
subaxial levels
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Fig. 3 Morquio’s syndrome:
a sagittal reconstructed CT scan
in flexion; and b extension
showing an ill-defined odontoid
and C2 body (due to incomplete
ossification in the child),
occipitalised atlas and loss of
cervical curvature; c the
patient’s broad wrist with short
fingers with d characteristic
facial dysmorphism; and
e lateral and anteroposterior
thoracolumbar radiographs
showing kyphosis

Fig. 4 Variations in VA
anatomy shown on
three-dimensional reconstructed
CT angiogram/digital
subtraction angiogram:
a Anomalous medial curving
of V3 segment of VA through
the unilateral absent posterior
arch; b Anomalous V3
segment; c Anomalous origin
of posterior inferior cerebellar
artery through V3 segment;
and, d VA injury during
transoral surgery due to
anomalous medially
looped V3 segment

Acta Neurochir (2013) 155:1157–1167 1163



the angle of retroversion of the odontoid (p=0.019) indicating
greater posterior angulation of the odontoid towards the thecal
sac in the AADKFA and NSAAD groups than in the SAAD
group (Table 3).

The VAwas bilaterally equal and symmetrical only in 11
(39 %) patients in the series. There was no statistically
significant differences in the variations of VA between the
three groups (Fig. 4).

Perioperative management

A total of 35 out of 46 patients underwent surgery. In the case
of ventral cervicomedullary compression due to irreducible
AAD with or without basilar invagination, a single-stage
transoral decompression and posterior fusion [NSAAD: n=
10 (50%); AADKFA: n=13 (65%)]was performed; in case of
reducible dislocation, only posterior fusion was the surgical
procedure adopted. The surgical techniques of posterior sta-
bilization included C1–C2 or occipito-axial fusion (based
upon whether or not the posterior atlantal arch was assimilat-
ed) with sublaminar wiring (NSAAD: n=8 (40 %);
AADKFA: n=9 (45 %); and, SAAD: n=1 (5 %)], transpedic-
ular screw fixation [NSAAD: n=6 (30 %); and, AADKFA:
n=3 (15 %)]or contoured rod stabilization [NSAAD: 2
(10 %); and, AADKFA: 1 (5 %)]. Three (15 %) patients with
Klippel–Feil syndrome with irreducible AAD with atlantal
arch stenosis and Chiari I malformation were treated with
posterior decompression only. Eleven patients with AAD
(4 young children with syndromic AAD in whom the parents
had not been able to decide in favor of surgery; two with
reducible AAD, one of whom developed a occipital bed sore
and the other, pneumonitis; and 5 with irreducible AAD who
are on a waiting list for surgery) have not yet undergone
surgery and are being maintained on a hard cervical collar.

In the postoperative period, among the 14 patients with
severe myelopathy, 6 improved to a moderate grade, 6
patients did not improve, and 2 died. A patient developed
a pseudoaneurysm due to VA injury during the transoral
surgery for irreducible AAD. Despite a postoperative VA
embolization, he succumbed to exsanguinating hemorrhage
from the transoral wound and developed aspiration pneu-
monitis. Another patient, also of irreducible AAD, who
underwent a single stage transoral decompression and pos-
terior fusion with severely compromised preoperative respi-
ratory status (single breath count less than 10 and breath
holding time less than 10 s) could not be weaned off from
the ventilator in the postoperative period and developed
ventilator associated pneumonia. Among the 15 patients
with moderate myelopathy, 13 improved to a milder grade
and two did not improve. Among the 17 patients having
mild myelopathy, 8 showed normalization of power and the
rest persisted with a mild spasticity and a Medical Research
Council grade IV+ weakness.

Discussion

Etiopathogenesis of neurological deficits

SAAD was associated with reducible AAD mainly precipitat-
ed by ligamentous laxity and/or a hypoplastic odontoid
[17, 32]. It was often asymptomatic and discovered after a
mild myelopathy manifested. On the other hand, the incidence
of irreducible AAD increased progressively in the NSAAD
(55 %) and AADKFA (90 %) groups [p value=0.01]. It was
associated with a significantly narrow effective canal diameter.
The syndromic group had lesser myelopathy when compared
to the other two groups perhaps because the etiopathogenesis
of cord trauma was different [25, 32]. In SAAD, the recurrent
posterior displacement of the odontoid caused intermittent
thecal compression in flexed position of the neck; yet, as the
effective canal was not actually narrow and the compression
was relieved on neck extension, the consequent injury to the
cord was not as severe as in the other two groups. Moreover,
none of the patients with SAAD in our study had a significant
fall that could have precipitated a more severe injury due to the
rapid posterior displacement of the odontoid relative to the arch
of atlas [32]. In the NSAAD and AADKFA groups, on the
other hand, there was significant cord impingement during all
positions of the neck due to a narrower effective canal diameter
(p=0.03); thus, cord trauma was precipitated by both flexion
and extension movements of the neck and the cord compres-
sion and compromise of vascularity also persisted in neutral
position. This manifested in a more severe form of myelopathy
in the latter groups. In the AADKFA group, additional deficits
may also be caused by spinal stenosis attributed to degenera-
tive changes, spondylolisthesis, or excessive movement of
adjacent mobile nonfused segments of the subaxial spine
[8, 20, 27]. Early identification of these patients is of para-
mount importance in order to minimize the risk of neurologic
injury during daily activities.

A high incidence of odontoid hypoplasia (permitting the
unrestricted posterior displacement of the odontoid below the
transverse ligament or a posterior atlantal displacement during
neck extension) in SAAD (p=0.01) [3] and persisting canal
impingement during neck extension in a majority of patients
with NSAAD and AADKFA occurred. This implies that the
prevalent concept of safety of the patients during anesthesia
and positioning for surgery in a neck-extended position is
erroneous and severe neck trauma may be precipitated during
neck extension also [20, 25].

Clinico-radiological spectrum

In our series, patients with SAAD were much younger than
their counterparts with NSAAD and AADKFA. The existence
of AAD with its potential to precipitate severely disabling
cervicomedullary symptoms is often difficult to detect in
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children especially those exhibiting no or early myelopathy.
The failure of completion of ossification of the craniovertebral
junction and especially the atlantal arch and odontoid process
until the age of 9 years makes the diagnosis of AAD difficult
to establish [22]. The problem is further compounded by the
associated occiptio-atlanto-axial facet joint asymmetry, sub-
axial kyphoscoliosis and torticollis with consequent angular
deformity of the neck (which may be present in adult patients
also). The latter makes the atlanto-dental interval appear nar-
rower on two-dimensional lateral plain radiographs than it
actually is [13].

Alterations of cervical spinal curvature

A normal Ishihara cervical curvature index of 10.9±15.3 was
demonstrated by Takeshita et al. reporting on 295 patients
with no cervical symptoms [30]. Our patients with
AADKFA (median Ishihara cervical curvature index: 22.5),
therefore, had exaggerated cervical lordosis when compared
with the other groups as well as normal patients. This com-
pensatory cervical lordosis was more marked (median
Ishihara index 27.00±15.5) in patients with AADKFA who
had C2–C3 fusion with additional subaxial contiguous verte-
bral level fusion rather than the more commonly prevailing
occipitalized atlas with C2–C3 fusion only (median Ishihara
17.50±30.2) [12, 20, 26, 31]. The angle of retroversion of the
odontoid also increased significantly in AADKFA leading to
its greater inclination towards the thecal sac and to C1–C2
spinal canal compromise [1]. Thus, fusion of two or more
contiguous cervical vertebrae causes hyperlordosis of the
intact motion segments.

The fusion of multiple contiguous vertebral motion seg-
ments alters the available degrees of freedom of movements
at various cervical vertebra levels in patients with AADKFA
[16, 19] . The posterior stabilization procedures that only
included the atlanto-axial or the occipito-atlantoaxial joints
did not manifest as further neck movement restriction fol-
lowing surgery. This is perhaps because the intact motion
segments had already compensated for the lack of normal
movements at these joints due the presence of the irreduc-
ible AAD. However, extension of posterior stabilization
levels to the subaxial spine often compromised the only
intact motion segment between two-level contiguous fused
vertebrae causing disabling neck movement restriction for
the patient. Contiguous level vertebral fusion also caused a
disproportionate stress on the intact motion segments. This
manifested as degenerative changes at vertebral end-plates
and the intervening disc levels [9]. A long segment fixation,
by further aggravating this phenomenon of adjacent seg-
ment degeneration, may lead to subaxial cord compression
[31] (Fig. 3c). All these changes may alter physiological
cervical movements on a long-term basis and may occasion-
ally also precipitate neck pain or myelopathy.

Vertebral artery anomalies

An interesting finding in our patients was the extremely
high incidence of variations in the VA anatomy especially
in its third segment (Fig. 4). The finding of medial displace-
ment of the VA that may be endangered by both the anterior
as well as posterior approach to the craniovertebral junction
was especially noteworthy [10, 15, 33]. The VA loop be-
tween the atlas and axis prevents its damage by normal
movements in this plane [16]. The stretching and displace-
ment of the VA (the stretched loop sign) by the presence of
AAD makes it vulnerable to injury and spontaneous throm-
bosis or dissection [28]. One of our patients succumbed to
delayed hemorrhage following VA injury during the transo-
ral decompression. Even when the intraoperative hemor-
rhage is well-controlled using surgicel/gelfoam/muscle
patch with fibrin glue, it is imperative to rule out the forma-
tion of a pseudoaneurysm of the VA in the postoperative
period. This pseudoaneurysm is particularly prone to exsan-
guinating re-hemorrhage due to delayed dislodgement of the
thrombus or due to secondary erosion of the vertebral artery
as a result of transmitted infection through the oral cavity.
Severe hemorrhage in the intensive care unit may be diffi-
cult to control and may also lead to aspiration pneumonitis.
An immediate postoperative angiogram facilitates proximal
occlusion of the VA (in case the contralateral vertebrobasilar
flow is adequate) or placement of a vascular stent across the
injured segment (in case the flow on the opposite side is
inadequate) to preempt this complication.

Limitations

This study has some limitations. The surgeons evaluating
outcome were not blinded to the preoperative neurological
status and radiology of the patients and were participating in
the care of the patients. A greater number of patients in each
subgroup would have led to better statistical conclusions.
Some patients with SAAD were not operated but kept under
regular follow up as these patients were very young, with
mild AAD and they had minimal disability. There was also
variability in the techniques of posterior stabilization. Both
these factors may have influenced results. A CT angiogram
could not be undertaken in all patients included in this study.
The focus of the study was on clinico-radiological differ-
ences between the three groups and not on the operative
outcome. Therefore, a long-term outcome was not assessed.
Finally, we adhered to the definition of two or more contig-
uous level cervical vertebral fusion to classify patients into
the AADKFA group. However, a differing school of thought
may classify AAD associated with C2–C3 fusion as
NSAAD and define Klippel–Feil anomaly only when
AAD coexists with contiguous level subaxial fusion (with
or without C2–C3 fusion).
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Conclusions

SAAD is associated with reducible AAD; in contrast, in
NSAAD and AADKFA, a much higher incidence of irreduc-
ible AAD is detected. The mechanism of myelopathy in the
former group is different from the latter two groups. The high
incidence of odontoid hypoplasia in the syndromic group may
cause posterior atlantal arch/odontoid dislocation; and, per-
sisting canal compromise in the NSAAD and AADKFA
groups in extension may make the cord vulnerable to trauma
in all dynamic neck movements. The advanced state of mye-
lopathy in these patients may be due to an inherent difficulty
in diagnosing AAD due to incomplete ossification, coexisting
osseous anomalies, angular deformity or even lack of aware-
ness regarding its existence. In AADKFA, decision regarding
vertebral levels to be included in the posterior stabilization
should take into consideration intact intervening motion seg-
ments and compensatory cervical hyperlordosis. Due consid-
eration must be given to the variations in the VA anomalies
seen on preoperative CT angiogram/DSA. In case VA injury
occurs during surgery, endovascular intervention prevents the
rerupture of the resultant pseudoaneurysm that may potential-
ly cause exsanguination and aspiration pneumonitis.

Conflicts of interest None.
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