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RADIOGRAPHIC APPEARANCE OF THE CERVICAL VERTEBRAE IN
NORMAL AND ABNORMAL DEVELOPMENT
ALLAN G. FARMAN and VICTOR ESCOBAR

Department of Oral Diagnosis/Oral Medicine~Oral Radiology, University of
Louisville, School of Dentistry, Louisville, Kentucky 40292, U.S.A.
Summary.To maximisethe benefit from radiographsfor the patient, the dentist or dental specialist should
be familiar with the whole of the image produced. For cephalograms, this usually includes the cervical
spine. Minor variations in the anatomy of the cervicalvertebrae include dehiscences, accessoryossieles
and differencesin the profiles of the superior articular processes of the first cervical vertebrae. More
severe anomalies include failure in segmentation (block vertebrae), odontoid dysplasia and clefling.
Introduction
It is common practice to take cephalograms where orthodontics or orthognathic
assessments of patients are necessary. Generally speaking, such radiographs include
a lateral view of the cervical vertebrae in addition to the cranium and facial structures. Thus, detection of cervical spine anomalies through routine cephalograms is
possible. This may be important as, for example, it appears that patients with
congenital heart disease have a higher risk of developing such malformations than do
patients in the general population. Additionally, whereas craniofacial anomalies may
produce significant neurologic symptoms in some patients, they may be entirely
asymptomatic in others (Poznanski, 1974). It is not suggested here that dental
surgeons or specialists in the dental field become orthopaedic radiologists, but it is
suggested that they should be cognisant of variations in the normal radiologic
anatomy of the cervical vertebrae in order to refer patients to the right quarters for
more detailed analysis if abnormalities are present and detectable on cephalograms.
This paper briefly reviews normal development of the cervical spine, minor
variations found in the cervical spine in otherwise normal individuals, and more
severe spinal anomalies and their associations. Special reference is made to the atlas,
or first cervical vertebra.
Development
The vertebrae develop from sclerotomes which surround the notochord and
neural tube (Last, 1978). A series of cartilagenous rings appears within the
sclerotomal paraxial mesodermal sheath at about four weeks intrauterine (Trotter &
Peterson, 1966). Each cartilagenous ring is formed from adjacent halves (caudal and
cranial) of the original somite, hence vertebrae occupy intersegmental planes of the
body wall. The cartilagenous arch fuses with the body at about eight weeks (Last,
1978). For most vertebrae, each ring ossifies from three centres to form the centrum
and two halves of the neural arch of the vertebrae. Ossification commences by the
eighth week of foetal life and is completed at about three years (Fig. 1).
Due to functional necessity, the atlas and axis develop in a slightly different
manner to the other vertebrae. The atlas commences to ossify in the seventh week of
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FIG 1. H u m a n foetus at 18 weeks. I.U. Note commencement of calcification i n e a c h vertebrae in three
zones - one central and two lateral. Fusion of these components is not completed before the age of three
years.
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intrauterine life at a centre in each lateral mass (Davies & Davies, 1964). Ossifica,
tion extends around the posterior arch from the lateral masses, and the two components generally fuse in the mid-line by the fourth year. In the meantime, a centre in
the anterior arch has appeared during the first year. The epiphyses at the junction of
the anterior arch and the lateral masses fuse at about seven years (Last, 1978). The
atlas has no body, and is an irregular ring with short anterior and long posterior
arches (Gardner et al., 1975). The structure which represents the missing body of the
atlas forms the odontoid process of the axis. Articulation between the atlas and the
occipitat condyles permits nodding, and articulation between the atlas and the axis
allows partial rotary movements of the skull.
Variations in the Normal Anatomy of the Atlas

The normal anatomy of the first cervical vertebrae, or atlas, is shown in Figures 2
to 11. When viewed from above (Figs. 2 to 5), the atlas is a ring-shaped structure with
no body, or centrum, and no spinous process. In lateral projections, the fully
developed atlas shows variations in shape of the posterior tubercle and in the
morphology of the posterior aspect of the superior articular processes (Figs. 6 to 9).
The degree of 'lipping' found varies from very little (Fig. 6) to a complete ringshaped structure probably representing a vertebral artery canal (Figs. 9 and 10).
Occasionally, the structure of the posterior margin of the first cervical vertebrae is
obscured by posture or overly large mastoid processes (Fig. 11).
A study of cephalograms from South African orthodontics patients (Farman et al.,
1978) revealed no relationship between the morphology of the posterior margin of
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FIG. 2. Upper aspect of a typicalmature first cervicalvertebrae.
FIG. 3. Anatomicalcomponentsof the first cervicalvertebrae.
Fic. 4. Muscleand ligamentinsertionsinto the atlas, and relativepositionof the odontoid processofthe
axis.
FIo. 5. Radiographicappearance of dried specimen of mature atlas.

RADIOGRAPHIC

APPEARANCE

OF THE C E R V I C A L V E R T E B R A E

267

FIr. 6-9. Detail of lateral aspect of upper cervical vertebrae as seen on lateral cephalograms. The profile
of the distal margin of the superior articular eminence can be seen to vary. In Figure 6, this structure shows
little in the way of lipping. Figures 7 and 8 show progressively increasing degrees of lipping. Figure 9 shows
a complete vertebral artery canal.
FIG. 10. Lateral aspect of dried specimen of atlas showing complete vertebral artery canal.
FIr. 1 l. Occasionally, very large mastoid processes obscure the lateral profile of the atlas when viewed in
cephalograms.
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the superior articular processes and age, sex or skeletal pattern of the jaws. The
majority of cases were similar to those seen in Figures 7 and 8. A review of 40 dried
specimens of human atlases from the Department of Anatomy, University of Louis.
ville (Farman, 1980) revealed that all but four (10 per cent) of the specimens Were
bilaterally symmetrical regarding the posterior margin of the superior articular
processes and that, when asymmetry occurred, it was only a one-step variation if
Figures 6 to 9 are considered sequential steps that is with 'type 1' having a vertical
posterior margin of the superior articular processes with no lipping, 'type 2' showing
slight lipping of this margin, 'type 3' showing extension of the posterior margin of the
superior articular process toward the posterior arch; and 'type 4' revealing fusion of
the extensions from the posterior margin of the superior articular processes to the
lateral components of the posterior arch of the atlas. The study of lateral cephalo.
grams of 122 sets of dizygote (DZ) and 49 sets of monozygote (MZ) twins from the
Department of Oral-Facial Genetics at Indiana University in Indianapolis (Farman,
1980), indicated that the morphology of the posterior margin of the superior articular process of the atlas was identical for 47 (96 per cent) of MZ twin pairs and showed
a one-step discrepancy in two (4 per cent). In contrast, this structure showed no
difference in 96 (78 per cent), a one-step variation in 20 (16 per cent), and a two-step
variation in seven (6 per cent) of DZ twin pairs. Comparing the proportion of MZ
twin pairs having variations in atlas profiles with the proportions found in D Z twins,
this difference was highly significant statistically (Yates' X ~ = 5.851, dof = 1,
p<0.01), suggesting genetic control in the determination of atlas morphology.
Dehiscence

Dehiscence (permanent incomplete development) can only be determined after
the normal time for development and fusion of the vertebral processes has passed
(that is, after four years for the posterior arch of the atlas and after eight years for the
anterior arch, Last, 1978). Dehiscence in the atlas (Fig. 12) affects either the anterior
arch or the posterior arch. Whilst the former is extremely unusual, the latter was
found in 3 per cent of 300 first cervical vertebrae from the Anatomy Laboratory of
the Faculty of Medicine, Paris (Desgrez et al., 1965) and 3.2 per cent of 220 white
South African orthodontic patients (Farman et al., 1978). Posterior arch dehiscence
is most common in the midline (Fig. 14), due to failure in fusion of the lateral
components of the arch. Less commonly it is more severe and affects the whole of the
posterior arch (as in the father and son illustrated in Figs. 12 and 13). These
dehiscences can be considered minor incidental radiographic findings, as they apparently result in no detrimental effect in the affected patients. Regarding analysis of
radiographs from MZ and D Z twin pairs (Farman, 1980), one set of MZ twin pairs
evidenced posterior arch dehiscence of the atlas and both twins were equally
affected. On the other hand, of seven pairs of D Z twins, four showed the same
dehiscence for both twins and three pairs showed dehiscence in only one of the two
twins. This suggests the possibility that failure in fusion of the atlas' posterior arch
processes may be under genetic regulation.
Regarding dehiscence in the axis, this may occasionally affect the odontoid process
and can lead to instability and/or myelopathy (Perovic et al., 1973). Examples of
odontoid dysplasia (aplasia, hypoplasia, or detachment) have been reported by
Perovic et al. (1973) in patients having Morquio's syndrome, pseudoachondroplastic
dwarfism, spondylometaphyseal dysplasia, spondyloepiphyseal dysplasia congenita
and metaphyseal chondrodysplasia. Rowland et al. (1958) described neurological
symptoms in odontoid aplasia as including cervical pain, torticollis, weakness in the
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Fro. 12. Lateral cephalogram showing complete dehiscence of the posterior arch of the atlas.
FIG. 13. Detail of upper cervical spine from cephalogram of father of subject shown in Figure 12. Note that
posterior tubercle of atlas is present, but the lateral components of the posterior arch of the atlas are
absent.
FIG. 14. Midline dehiscence in posterior arch of atlas. Note absence of posterior tubercle.
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extremities, sensory disturbances, vertigo, seizures and m e n t a l deterioration. Mani.
festations were first observed either in childhood o r later in life.

Supernumerary Vertebrae and Accessory Ossicles
Phylogenetic departures in terms of variations in the n u m b e r of thoracic and
l u m b a r v e r t e b r a e are not unusual (Wigh, 1980); however, s u p e r n u m e r a r y or missing
v e r t e b r a e are extremely rare in the cervical spine. W h e r e a s an additional vertebrae
superior to the atlas (occipital vertebrae o r pro-atlas) is n o r m a l l y present in reptiles

Fro. 15. Accessory ossicle superior to the posterior arch of the atlas.
FIr. 16. Accessory ossicle distal to the axis.
FIG. 17. Occipitalisation of the atlas.
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(Wollins, 1973), it is very unusual - but not unheard of - in humans: Martell et al.
(1966) reported an instance of pro-atlas in a patient having Trisomy 21. No similar
structure was found by Farman (1980) however, during a review of cephalograms
from 23 patients having Trisomy 21.
Concerning accessory ossicles, such structures have been reported in association
with the atlas by Keats (1967) and Farman et al. (1978). Accessory ossicles superior
to the atlas and distal to the axis are illustrated in Figures 15 and 16. These may
represent ossification within ligaments, muscle or connective tissue. The case in
Figure 15 could perhaps represent an ossification centre for formation of the 'type 4'
morphology for the posterior margin of the superior articular process of the atlas, as
discussed above under the heading 'variations in the normal anatomy of the atlas'.
Ossicles are generally asymptomatic.
Block Vertebrae

Block vertebrae are a general feature of the Klippel-Feil anomalad (Gunderson et
al., 1967). Whether this anomaly is caused by fusion or by nonsegmentation is
debatable (Gray et al., 1964; Gunderson et al., 1967). Although the Klippel-Feil
anomalad is present from birth, the radiographic findings may be progressive (Poznanski, 1974). Prevalence rates recorded in the literature vary from one in 233 to one
in 42,000 births (Gray et al., 1964). There is apparently no sex predilection (Poznanski, 1976).
In the Klippel-Feil anomalad, the most common feature is the blocking or fusion of
vertebrae with consequent reduction in the length of the cervical spine and shortening of the neck (R~dberg, 1980). Gray et al. (1964) have listed three types of this
anomalad:
Type I

Classic form, with extensive vertebral anomalies including massively blocked or
fused vertebrae;
Type H

Segmentation anomalies of merely one or two pairs of vertebrae;
Type I I I

Thoracic or lumbar vertebrae anomalies added to Type I or II.
The most frequent fusion is between C2 and C3, and many cases at this level are
inherited as an autosomal dominant trait (Poznanski, 1974). Fusions at the C5 and
C6 levels are usually autosomally recessive in inheritance (Poznanski, 1974).
In a study of 418 cases by Gray et al. (1964) in addition to block vertebrae the
Klippel-Feil anomalad was found to be associated with hemivertebrae and scoliosis
(72 per cent), posterior spina bifida (45 per cent), Sprengel's deformity (23 per cent),
cervical ribs (13 per cent) and anterior spina bifida (2 per cent). Hensinger et al.
(1974) reported that patients with the Klippel-Feil anomalad frequently have
abnormal development of other organs including congenital heart disease. Morrison
et al. (1968) determined that 4 per cent of 505 patients with the anomalad had
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congenital heart disease. According to Hensinger et al. (1974), two-thirds of patients
with the anomalad have genitourinary defects and deafness may be found in onethird. Mealey et al. (1970) reported that of ten normally intelligent children treated
surgically for occipital encephalocele, six had the Klippel-Feil deformity.
The symptoms of the Klippel-Feil anomalad have a wide spectrum of variability
depending largely on the presence of associated findings, particularly other craniovertebral abnormalities. Gray et al. ( 1 9 6 4 ) found the most frequent symptoms to be
pain (38 per cent), spasticity or hyperreflexia (34 per cent), muscular atrophy,
pyramidal tract symptoms, or ocular motor disturbances (15 to 24 per cent), flaccid
paralysis, muscular weakness, anesthesia, or paresthesia (10 to 15 per cent). Mirror
movements of the hands a~e also sometimes seen. Alternatively, the condition is
often asymptomatic. Apparently, occipitalisation of the atlas (Fig. 17) and fusion of
the second and third vertebrae produce most symptoms.
McRae and Barnum (1953) reported on 25 cases having occipitalisation of the
atlas and, in most of these, there were additional malformations in other areas of the
cervical and/or thoracic spine. Occipitalisation of the atlas may cause cervical cord
compression due to associated anomalies. This may lead to ataxia and weakness of
the lower limbs, pain and numbness in the upper limbs, occipital headaches, papilloedema, and patients may have been misdiagnosed as having multiple sclerosis
(Poznanski, 1974).
Block vertebrae are sometimes a feature of a variety of specific disease entities.
They have been documented in the basal cell naevus syndrome (Poznanski, 1974),
myositis ossificans (Singleton & Holt, 1954), Goldenhar's syndrome (Gorlin et al.,
1963), Leri's pleonosteosis (Rukavina et al., 1959), Apert's syndrome (Schuarte &
St Aubin, 1966), Diastrophic dwarfism (Wilson et al., 1969), spondylothoracic
dysplasia (Pochaczevski et al., 1971), Turner's syndrome (Preger et al., 1968),
and Morquio's syndrome (Goodman & Gorlin, 1977).

Spina Bifida
Clefting, generally of the posterior portion of the neural arch due to incomplete
ossification in the spinous process is known as spina bifida (Rfidberg, 1980).
Whereas it is most common in the lower lumbar and sacral regions, it may also be
seen in the thoracic and cervical regions (Fig. 18). Such clefting usually has no clinical
significance (Rfidberg, 1980), but if there is wide separation of the lamina it can be
associated with a meningocele or a tumour (for example, dermoid or tipoma). Spina
bifida in conjunction with failure in vertebral segmentation (block vertebrae, vide
supra) is a frequent finding in the Klippel-Feil anomalad (Rfidberg, 1980). One other
malformation commonly found in patients with spina bifida is the Arnold-Chiari
malformation, or a downward elongation of the cerebellum and brain stem through
the foramen magnum (Poznanski, 1974). McCoy et al. (1967) found the ArnoldChiari malformation in one half of their cases of infants with spina bifida. The
symptoms of the Arnold-Chiari malformation are variable. In children, symptoms
are often related to hydrocephalus or meningocele (Poznanski, 1974); in adults
without basilar impression the predominant symptoms found by De Barros et al.
(1968) were weakness in the lower limbs (68 per cent), ataxic gait (56 per cent),
headaches (53 per cent) and paresthesia (43 per cent). Less frequent symptoms
included dizziness, dysphagia, neck pain and reduced libido.
Spina bifida of the cervical spine is a frequent finding in Goldenhar's syndrome,
mandibulofacial dysostosis with epibullar dermoids (Sugar, 1967).
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FIG. 18. Clefting or spina bifida in patient with Weyers-Thier's syndrome.
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