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Fig. 3: anatomy of C2 (1)









would have been ideal, but in our cross-sectional approach,
we did not actually see the ossification progress or synchon-
droses close. Furthermore, the degree of maturation was sub-
jective, and neither inter- nor intraobservation analysis was
attempted. Finally, as the real progress of ossification could
not be directly determined, we arbitrarily defined the “nor-
mal” closure age to correspond to the age category in which
more than 80% of the patients showed definitive closure.

Conclusions
Ossification of the craniovertebral junction is a complex pro-
cess. In the pediatric population, knowledge of ossification
milestones of the atlas and axis are mandatory for discriminat-
ing between normal anatomy, variants, and true osseous le-
sions. Triplanar CT reconstructions should be routinely con-
ducted to enhance diagnostic certainty in the analysis of
ossification patterns.
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Fig 12. Rare posterior ossification of the CHT resembled a dislocated fragment.

Fig 13. Large ossiculum terminale in an 8-year-old child and incomplete ossification of the ADS.
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Fig. 13.13 Lateral radiographs of the cervical spine taken 
in (a) extension and (b) flexion show abnormal movement 
of the os odontoideum indicating an unstable ossicle. 
Sagittal (c) T1-W and (d) GRE T2*-W MR images show 
the secondary effects on the cervical cord of an unstable os 

odontoideum. The cord is thinned and demonstrates abnor-
mal increased myelomalacic type signal as a result of 
repetitive impingement during flexion and extension 
movements of the cervical spine (a, c are reproduced with 
permission from: Tyrrell and Cassar-Pullicino 2006)

P.N.M. Tyrrell and N. Winn
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Fig. 5: anatomy of C3 to C7





270

13.4.3  Synchondroses

Developmental anomalies related to incom-
plete fusion or failure of fusion at the synchon-
droses can result in osteolytic defects. The 
smooth margins should highlight the anoma-
lous nature of the persistent synchondrosis or 
developmental cleft. On CT, the normal syn-
chondrosis in the developing skeleton should 
not be misinterpreted as fracture. They can 
usually be readily identified by their bilateral 
and symmetrical appearance, occurring in a 
typical location, with smooth tapered margins. 
Congenital absence of structures, for example, 
congenital absence of a pedicle, results not 
only in a lucent area but may be associated 
with abnormal motion at a segment. With the 
clinical history of potential spinal injury, the 
abnormal movement and lucent area could be 
confused with a fracture-dislocation. 
Congenital spondylolysis should not be con-
fused with persistent synchondrosis (Schwartz 
2001).

13.4.4  Vertebral Morphology/Shape

With growth, the vertebral body gradually 
changes shape. In early infancy, the vertebral 
body appears oval. With growth, it gradually 
assumes a slightly flattened rectangular shape 
with rounded corners and sometimes, with a 
variable degree of wedging. With further 
growth, it develops a more rectangular or square 
shape with sharper corners. It starts to assume 
the adult shape around the age of 8 years 
(Schmidt and Freyschmidt 1993). A wedging 
deformity involving the anterosuperior corner 
of the vertebral body is a well-recognized nor-
mal developmental appearance in the young 
child, described by Swischuk et al. (1993). It 
occurs most commonly at the level of C3 verte-
bra (Fig. 13.16) but can occasionally involve 
the C4 vertebra. This anterior wedging is due to 
chronic exaggerated hypermobility, causing 
chronic repetitive impaction of the anterosupe-
rior corner of the C3 by the C2 vertebral body.

Recognition of this appearance helps to avoid 
the pitfall of diagnosing a compression fracture. 
However, if there is a history of cervical spine 
trauma, CT can help to confirm the normal variant, 
with no fracture being seen. As the child grows 
older, the wedging disappears as the bone remod-
els in the absence of hypermobility (Swischuk 
et al. 1993). The same phenomenon has also been 
documented in infants at the T12 to L1 vertebral 
levels due to normal hyperflexion at the T12/L1 
level, which results in a wedged or tapered vertebral 

Fig. 13.16 Pseudo-subluxation at C2/C3 vertebra. 
Lateral radiograph of the cervical spine shows mild ante-
rior subluxation of C2 on C3 vertebra. Note also the 
wedging of C3 vertebra. Same patient as in Fig. 13.11 
where these features are also demonstrated on the sagittal 
reformatted CT images

P.N.M. Tyrrell and N. Winn
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