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Craniocervical junction instability

Acquired disorders

• Inflammatory (Grisel Sd, Juvenile idiophatic arthritis)

• Traumatic

• Tumoral (intramedullary, extramedullary intradural, extradural)

• Iatrogenic (post-laminectomy)

Congenital/Developmental disorders

• CCJ malformations 
• Down syndrome, Mucopolysaccharidoses, Skeletal dysplasias, 

Connective tissue disorders, etc. 



Imaging techniques

• Plain radiographs 
    (static - dynamic)
 
evaluate specific distances 
between structures of the 
CCJ

• CT (static - dynamic)

optimally defines the 
osseous structures

RADIATION EXPOSURE!!!



Imaging techniques
• MRI (static - dynamic)

ideal for evaluation of soft tissues, neural structures, and ligaments / bone edema

dynamic

T1 T2 – SPIR T2

T1 mdc

Black bone MRI

Eley KA, et al. Dentomaxillofac Radiol. 2013;42:20130236.



A- nasion

B- posterior pole of 
hard palate

C- anterior arch C1

D- odontoid process

E- posterior arch C1

F- opisthion

G- basion

H- tuberculum sellae
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A- tip of mastoid 
process

B-occipital condyle

C-odontoid process

D-axis body

E-lateral mass of atlas

Craniometry - Landmarks





30 days 3 months 3 years 5 years

6,5 years 8 years 13 years 16 years



CCJ instability

Instability occurs each time the anatomical relationships between the 
articular components are altered or have the propensity of becoming 
abnormal under the influence of certain solicitations
                                                      
                                                           

Broken 
red circle

• Atlanto-occipital dislocation 
(C0-C1 instability)

• Atlanto-axial subluxation
   (C1-C2 instability)

• Sub-axial subluxation

risk of neurological involvement



Atlanto-occipital dislocation

Malalignment betweeen the cranium and the 
spine (C0-C1)

Rare (post-traumatic/congenital disorders)

Rupture of ligaments/ ligamentous
laxity

Traynelis classification



Wackenheim’s clivus baseline: should fall tangent to, or intersect, the 
posterior one third of the odontoid

Atlanto-occipital dislocation



Powers ratio: the ratio BC/OA should be between 0,7 and 1
Sensitive for type I and III injury
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: 0.7- 1

Atlanto-occipital dislocation

used to assess the position 
of the skull base relative to 
the atlas 

>1 < 0.7



Basion axis interval: distance between the basion and the superior extension 
of the posterior cortical margin of the body of the axis should be less than 
12 mm
Sensitive for type I injury
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Basion dens interval: distance between the basion and the tip of the odontoid 
should be less than 12 mm in children
Sensitive for type II injury
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Atlanto-axial dislocation (C1-C2 instability)

Anterior atlantodens interval 
(AADI) and space available 
for the cord (SAC - PADI)

AADI : < 5 mm in children 
(<8 years old)

An AADI with  > 2 mm difference between flexion and extension: instability

Radiology. 1962;79:97-108

A SAC of less than 13 mm is significant

In younger children plain radiographic measurements of ADI and SAC 
are not very reliable for assessment of instability or stenosis, and cord 
compression cannot be detected: MRI



1458 eligible patients were 

identified from children 

between 1 and 18 years of 

age who underwent cervical 

spine CT scanning



10 mm
17 mm

5 mm

3-year-old MPS VI 

Normal 3 y.o.



instability neural compression

Dens, C2 body, and 

basiocciput
Foramen magnum and atlantal rings 

Associated condition 

Chiari I

Congenital/Developmental disorders
CCJ malformations



Basal angle: 
Angle subtended by the 
junction of the nasion–
tuberculum and tuberculum–
basion tangents

Should be less than 
140°

McGregor

Variation of 2-3° less

«modified angle»

Normal range 104°–124° 
for children

AJNR Am J Neuroradiol 26:89–92, 2005

Clivus-canal angle or Clival-axial angle: Range= 150 to 180°

Abnormal if:
<135° (Henderson et al.)
<125° (Brockmayer et al.)

Angle formed at junction 
of Wackenheim’s line
and posterior vertebral 
body line

Chamberlain’s line: 
posterior margin of hard 
palate to opisthion

Smoker W, Childs Nerv Syst (2008)

Tip of the odontoid 
should be no more 
than 5 mm above this
line



2019

Platybasia and Basilar invagination
▪ Skull base flattening with increased basal angle
▪ Basilar invagination 
▪ Decreased clivus canal angle   

Basioccipital dysgenesis



cerebellar tonsil herniation combined with one or more of the following radiographic 

findings: Chiari 1.5 malformation, medullary kink, retroflexed odontoid, abnormal clival 

cervical angle, occipitalization of the atlas, basilar invagination, syringomyelia



• Defining CVJ instability in the setting of Chiari I is often challenging

• There is limited consensus among neurosurgeons about the exact clinical and 

radiographic criteria that should be used when evaluating patients with Chiari I to 

determine which patients should undergo CVJ stabilization

The diagnosis of CVJ instability 

should be based both on clinical 

and radiographic findings

Clinical findings associated with CVJ 

instability in the setting of Chiari I are often 

not distinct from the symptoms attributable 

to the Chiari malformation



Radiographic findings suggestive of CVJ instability

• Basilar Invagination

• Ventral brainstem compression

• Craniocervical Angulation

• Chiari 1.5

• Genetic Syndromes (connective tissue disorders)

Clivus-canal angle 

less than 125  has 

been shown to be a 

significant predictive 

factor for requiring 

CVJ fusion

There is no single radiographic finding that is in itself diagnostic of CVJ inst. 

However… 

Grabb and colleagues found  that if > 9 mm is 

associated with symptomatic ventral 

brainstem compression and risk of CVJ 

instability

pB-C2 distance: the distance extending 

perpendicularly from the B-C2 line through 

the odontoid tip to the ventral dura

Grabb-Oakes 

measurement



2019 Radiographic parameters

• pB-C2 distance

• Clival–axial angle (CXA), 
also known as clivus-canal angle

Algorithmic strategy to identify patients at risk of needing OC fusion



Three radiologic metrics used in this study:

• Clival-axial angle (CXA):  < 135°considered potentially pathological

• pBC2 distance (Grabb-Oakes measurement): > 9 mm

• Basion axis interval: > 12 mm

(Horizontal Harris Measurement) 

20 consecutive 

patients with 

hereditary connective 

tissue disorders 

(Ehlers-Danlos 

syndrome)

(a change in the basion axis interval 

of 2 mm or more, as measured in 

flexion and extension images, 

represents pathological translation 

between the basion and odontoid)



“CM1.5” or “complex Chiari” implies the 

occurrence of tonsil prolapse and 

brainstem kinking in the setting of a

cranio-vertebral junction (CVJ) 

malformation (i.e., Klippel-Feil anomaly, 

atlanto-occipital fusion, basilar 

invagination, retroversion of the odontoid 

process) and requires a specific surgical 

approach.

(> 12 mm)
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30 days 5 months 1.5 years 2 years

3 years 5 years 8.5 years 14 years

Persistent ossiculum terminale (16 y.o.)
Os odontoideum: separate ossicle 

superior to the dens
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