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Normative Measurements 
of the Craniocervical 
Junction on Imaging
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Peleg M. Horowitz

5.1	 �Craniocervical Lines, Angles, 
and Measurements

•	 Chamberlain line (Fig. 5.1): Extends from the posterior margin 
of hard palate to opisthion (Fig. 5.1). The tip of the odontoid 
should be no more than 5 mm above this line and the anterior 
arch of C1 typically lies below this. Clivus height is the dis-
tance of the basion above Chamberlain line. These radio-
graphic indicators are used to detect basilar invagination or 
impression. The McGregor line is an alternative to the 
Chamberlain line for the evaluation of basilar invagination 
when the opisthion is not apparent on radiographs and extends 
from the posterior margin of hard palate to inferior aspect of 
the occipital bone.
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•	 Wackenheim clivus baseline (Fig.  5.2): Line extrapolated 
inferiorly along dorsal surface of the clivus. The line should 
fall tangent to or intersect the posterior third of the odontoid 
and is used to detect basilar invagination or impression.

•	 McRae line (Fig. 5.3): Line from the basion to opisthion. The 
normal position of the tip of dens is 5 mm below this line and 
is used to detect basilar invagination or impression.

•	 Palatal line (Fig. 5.4): Line drawn parallel to the superior edge 
of the palatine process starting posterior to the anterior nasal 
spine. The normal mean height of the odontoid over the 
palatine line is 3.5  mm (range: 0–19.0  mm). In cases with 
platybasia, the mean is 15.5 mm (range: 7–26.0 mm).

Fig. 5.1  Sagittal computed tomography (CT) image shows the Chamberlain 
line
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Fig. 5.2  Sagittal computed tomography (CT) image shows the Wackenheim 
clivus baseline

Fig. 5.3  Sagittal computed tomography (CT) image shows the McRae line
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•	 Basal angle (Fig. 5.5): Angle subtended by the junction of the 
nasion–tuberculum and tuberculum–basion tangents. The nor-
mal ranges are as follows:
–– 116°–118°, 95% confidence limits for adults
–– 113°–115°, 95% confidence limits for children
–– Platybasia >143°

A modified version of the basal angle formed by a line from 
the nasion and the center of the pituitary fossa and a line join-
ing the anterior border of the foramen magnum result in the 
following normal mean angles:
–– 129° ± 6° for adults
–– 127° ± 5° for children

•	 Boogard angle (Fig.  5.6): Formed by the intersection of 
McRae line and Wackenheim line. The normal angle is 
126° ± 6°. If the angle measures more than 136°, it is indica-
tive of platybasia.

Fig. 5.4  Sagittal computed tomography (CT) image shows the palatal line
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Fig. 5.5  Sagittal computed tomography (CT) image shows the basal angle

Fig. 5.6  Sagittal computed tomography (CT) image shows the Boogard 
angle
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•	 Clivoaxial angle (Fig. 5.7): Formed by the intersection of the 
Wackenheim clivus baseline with a line drawn along the poste-
rior surface of the axis body and odontoid process; it is a 
practical indicator for basilar invagination with high diagnostic 
value.

•	 Clivus canal angle (Fig.  5.8): The angle between the line 
extending from the top of the dorsum sellae to the basion and 
the line between the inferodorsal portions of C2 and the most 
superodorsal part of the dens. The angle normally varies from 
150° in flexion to 180° in extension. An angle of less than 150° 
may be associated with ventral cord compression.

•	 Atlanto-occipital joint axis angle (Fig.  5.9): Formed at the 
junction of lines traversing the atlanto-occipital joints.
–– Average = 124°–127°
–– May approach 180° in severe occipital condyle hypoplasia

•	 Atlanto-occipital interval (Fig.  5.10): Distance between the 
posterior aspect of the anterior arch of the atlas and the dens. 

Fig. 5.7  Sagittal computed tomography (CT) image shows the clivoaxial 
angle
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Fig. 5.8  Sagittal computed tomography (CT) image shows the clivus canal 
angle

Fig. 5.9  Coronal computed tomography (CT) image shows the atlanto-
occipital joint axis angle
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The mean value is 1.0 mm (95% of adults measure between 0.6 
and 1.4 mm and 97.5% of children measure less than 2.5 mm 
at any point along the joint space).

•	 Basion-dens interval (Fig. 5.11): Shortest distance between the 
most inferior aspect of the basion and the nearest ossified point 
of the superior aspect of the dens in the midsagittal plane. If an 
os odontoideum is present, the measurement extends from the 
basion to the top of the os odontoideum. Widening can be a 
sign of craniovertebral junction injury, with a maximum of 
9  mm in adults. In children, the basion-cartilaginous dens 

Fig. 5.10  Sagittal computed tomography (CT) image shows the atlanto-
occipital interval
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interval is the counterpart that can be used with upper limits as 
follows:

–– Ages 0–3 years: 5.3 mm
–– Ages 3–6 years: 5.6 mm
–– Ages 6–10 years: 7.2 mm

•	 Basion-axial interval (Fig. 5.12): Distance between the basion 
and the superior extension of the posterior cortical margin of 
the dens in the midsagittal plane. This measurement is nor-
mally less than 12 mm.

Fig. 5.11  Sagittal computed tomography (CT) image shows the basion-dens 
interval
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•	 Atlanto-dens interval (Fig.  5.13): Line from the posterior 
aspect of the anterior arch of C1 to the most anterior aspect 
of the dens at the midpoint of the thickness of the arch in 
craniocaudal dimension; normal when less than 2 mm.

•	 The Powers ratio (Fig. 5.14): Calculated by dividing the dis-
tance from the tip of the basion to the midpoint of the anterior 

Fig. 5.12  Sagittal computed tomography (CT) image shows the basion-axial 
interval
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aspect of the posterior arch of C1 by the distance from the tip 
of the opisthion to the midpoint of the posterior aspect of the 
anterior arch of C1 in the midline. It is used in the evaluation 
of atlanto-occipital dissociation and is considered normal 
when less than 1.

Practical Implications
•	 Congenital and acquired conditions that can manifest with 

abnormal craniocervical junction measurements include rheu-
matoid arthritis, osteomalacia, Paget disease, Chiari malforma-
tion, Klippel-Feil and Down syndromes, achondroplasia, 
mucopolysaccharidoses, osteogenesis imperfecta, as well as 
trauma.

Fig. 5.13  Sagittal computed tomography (CT) image shows the atlanto-dens 
interval
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•	 Reference to craniocervical metrics is useful for identifying 
suspected cases of atlanto-axial separation (Fig.  5.15) and 
occipital-cervical dislocation (Fig. 5.16), which otherwise may 
not be accompanied by other abnormalities on CT, yet can be 
associated with a high rate of neurologic morbidity and mortal-
ity if undiagnosed.

•	 Basilar invagination refers to developmental anomalies of the 
craniovertebral junction in which the superior aspect of the 
odontoid extends above the foramen magnum, while basilar 

Fig. 5.14  Sagittal computed tomography (CT) image shows the lines 
between the tip of the basion to the midpoint of the anterior aspect of the 
posterior arch of C1 (red) and from the tip of the opisthion to the midpoint of 
the posterior aspect of the anterior arch of C1 (green) used to determine the 
Powers ratio
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impression refers to acquired conditions of the craniovertebral 
junction in which the superior aspect of the odontoid extends 
above the foramen magnum (Fig. 5.17). This can be accompa-
nied by compression of the spinal cord.

•	 Platybasia is flattening of the central skull base (Fig.  5.18). 
This can be accompanied by basilar invagination and other cra-
niocervical junction abnormities. Given the altered anatomy, a 
transnasal approach may be preferable to a transcervical endo-
scopic approach for accessing the craniocervical junction in 
patients with platybasia.

Fig. 5.15  Atlanto-axial separation. Sagittal computed tomography (CT) 
image shows widening of the atlanto-axial interval in a trauma patient
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a b

Fig. 5.16  Atlanto-occipital dislocation. Sagittal computed tomography (CT) 
image shows wide separation between the occipital condyle and lateral mass 
of C1 in a pediatric trauma patient (a) and widening of the basion-dens inter-
val in an adult (b)

Fig. 5.17  Basilar invagination. Sagittal computed tomography (CT) image 
shows marked extension of the dens above the foramen magnum, well beyond 
the Wackenheim clivus line, in a patient with rheumatoid arthritis
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