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Abstract

Cervical vertebrae anomalies (such as Dehiscence, fusion of cervical spine, occipitalization) are associated with myelopathy,
cause limitation in neck movement, muscular atrophy, and regional sensory loss. These cervical vertebrae anomalies are
associated with syndromes such as Klippel-Feil syndrome, Goldenhar syndrome, Pfeiffer syndrome, Crouzon syndrome, Apert
syndrome, Larsen syndrome and 22q11.2 micro deletion syndromes. Cervical vertebrae anomalies can be visualized in lateral
cephalogram which is routinely advised for orthodontic patients to assess maxillary and mandibular relationship. Assessment
of CVA in lateral cephalogram at an early age is essential, not only for treatment of the malformation but because there may
be an association with other spinal and non-spinal diseases related to development. Present review discusses about various
syndromes and clinical manifestations associated with cervical vertebrae anomalies and its relevance in orthodontics.
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Abbreviations: CVA: Cervical Vertebrae Anomalies; PAD:
Posterior Arch Deficiencies; KFS: Klippel-Feil syndrome.

Introduction

Cervical vertebrae anomalies such as Dehiscence, fusion
of upper cervical spine, occipitalization and combination of
any of the above can cause compression of vertebral artery
which reduces blood flow to the brain and compression
of the nerves may lead to neurological disorders. Cervical
vertebral anomalies can present with myelopathy, cause
limitation in neck movement, muscular atrophy, and
regional sensory loss [1]. Early diagnosis of cervical
vertebrae anomalies (CVA) is critical in determining the risk
of associated diseases at the time of presentation in young
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patients and the occurrence of secondary neurological
symptoms later in life.

Embryological Basis of CVA

CVA develops during early intrauterine life due to a
combination of the genetic and environmental factors.
Malformation of the notochord, the poor performance of
retinoids, decreased local blood supply to the spine and
an alteration in gene expression, especially the members
of Hox and Pax family genes, are some of the proposed
reasons for interrupted development and fusion of the
cervical vertebrae [2]. Cervical vertebrae development
and the approximation of the developing palatine
shelves arising from the maxillary process of either side
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occur during early intrauterine life with a closure of the
shelves occurring around 8-9 weeks. The CVA and the
development of the cleft seem to be interrelated. A short
neck with vertebral synostosis or other changes limiting
head extension of the foetus interfere with the anterior
and descending development of the glosso-mandibular
complex. Consequently, there may be inadequate space
above the tongue, which is required to allow horizontal
approximation of the palatal shelves towards the midline,
the failure of which may result in incomplete closure of the
palate [3].

Fusion of the cervical vertebrae is also prevalent in
conditions, such as Klippel-Feil syndrome [1], Goldenhar
syndrome [4], Pfeiffer syndrome [5], Crouzon syndrome
[6] and Apert syndrome [7], Larsen syndrome [8] and
22q11.2 micro deletion syndromes [9]. Fusion of the cervical
vertebrae can be a cause for precordialgia, a condition of
cervicogenic angina due to the union of the C3-C4 vertebrae
[10].

Types of Cervical Vertebrae Anomaly

CVA are broadly divided into posterior arch deficiencies
(PAD) and fusions [11,12]. PAD are subdivided into
dehiscence and spina bifida. Dehiscence implies incomplete
development of the structures. Dehiscence is common in
the midline and posterior arch, but in rare cases it can occur
in the anterior arch also. Spina bifida refers to incomplete
ossification of the spinous process and generally occurs
in the posterior arch of the vertebral unit. Fusion is bony
union of one unit with another at the articulation facets,
neural arch, or transverse processes. Fusion can occur
between two vertebrae or multiple vertebrae (block fusion).
Occipitalization is atlantooccipital fusion which refers to
the assimilation of the atlas to the base of the skull [13,14]
Figures 1-3.

Figure 1: Normal cervical vertebrae.
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Figure 2: Dehiscence of Posterior arch of atlas vertebrae
(C1).

Figure 3: Fusion of C2-C3.

Syndromes Associated with CVAs

Klippel-Feil syndrome: Klippel-Feil syndrome (KFS) is
characterised by the presence of congenital synostosis of
some or all cervical vertebrae. This congenital vertebral
fusion results from the faulty segmentation along the
embryonal axis during the first 3 to 8 weeks of gestation. The
diagnostic clinical triad consists of short neck, low posterior
hairline, and limited neck movements. Fewer than 50% of
the patients show this clinical triad.

Feil described three morphological subtypes of this anomaly.
Type 1 comprises of a single congenitally fused cervical
segment;

Type Il includes multiple non-contiguous congenitally fused
segments, and

Type 11l is characterised by multiple contiguous, congenitally
fused cervical segments [15].

Based on the position of cervical vertebra fusion, the
status of familial trait and its characteristics; 4 classes (KF
1, 2, 3, and 4) were identified [16]. KF1 is characterised
by C1 fusion and marked autosomal recessive trait; KF2
is marked by a fusion of C2-3 and an autosomal dominant
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trait. KF3 is characterised by fusion of C3, and the trait is
autosomal recessive type. In KF4, an X-linked trait and eye
anomalies along with cervical fusion is present [16]. Despite
the heterogeneous presentation it has been reported that the
fusion of C5-C6 and C2-C3 is most common [17].

Goldenhar Syndrome: Goldenhar syndrome is a congenital
disorder of the first and second branchial arches. Clinical
manifestations include craniofacial microsomia, ocular
dermoid cysts, vertebral anomalies, and cardiac and renal
defects [18]. Various types of cervical spine fusion have been
reported in 8% to 61% of cases. Occipitalization of the atlas
ranges from 4.4% to 30% in various studies [19].

Pfeiffer syndrome: Pfeiffer syndrome is characterised by
craniosynostosis, broad thumbs and great toes and, soft
tissue syndactyly of the hands and feet. Cohen (1993) has
sub-grouped Pfeiffer syndrome into three types; type 1 is
the classic Pfeiffer syndrome associated with satisfactory
prognosis, type 2 and type 3 is subgrouped according to
the presence or absence of cloverleaf skull and has a poor
outcome [20]. It is characterised by the presence of cervical
spine fusions which is progressive. Upper and middle cervical
spine fusions are more common [5].

Crouzon syndrome: Crouzon syndrome is an autosomal
dominant disorder caused by premature closure of coronal
and sagittal sutures. Crouzon syndrome is characterised by
proptosis and divergent strabismus, ocular hypertelorism
and maxillary hypoplasia. It is caused by the mutation
of FGFR2, a gene critical to the transformation of fibrous
joint lines between sutures to osseous bone matrix [21].
Cervical region radiologic abnormalities associated with this
syndrome include butterfly-shaped vertebra and fusion of
the posterior bodies and elements. Fusion of C2-C3 and C5-
C6 have been found to be equally affected [22].

Apert syndrome: Apert syndrome is characterized by
the presence of craniosynostosis, midface retrusion, and
syndactyly of the hands. All affected individuals have
coronal craniosynostosis, and a majority may also have an
involvement of the sagittal and lambdoidal sutures. A subset
of affected individuals have cleft palate. The hands in Apert
syndrome always includes fusion of the middle three digits;
the thumb and fifth finger are also sometimes involved.
Cervical fusion of C5-C6 fusion is the most common, alone or
in combination with other fusions [7].

Larsen Syndrome: Larsen syndrome is a genetic disorder of
autosomal dominant or autosomal recessive type inheritance.
The clinical presentation is characterised by multiple
joint dislocations (elbows, hips, and knees), flat forehead,
depressed nasal bridge, flat midface, hypertelorism, and club
foot, heart defects, cleft palate, and neonatal tracheomalacia
[8]. This is syndrome is characterised by cervical kyphosis
instability which can progress with time [23].

22q11.2 Deletion Syndrome: The 22q11.2 microdeletion
has been seen in patients with velocardiofacial syndrome,
DiGeorge syndrome, conotruncal face anomaly syndrome,
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CHARGE syndrome, and many others. Systemic issues
prevalentin this syndrome include conotruncal heart defects,
tetralogy of fallot, typical facies, cognitive delays, and anxiety
[9]. Cervical spine anomalies associated with this syndrome
includes platybasia (91%), open C1 posterior arch (59%),
dysmorphic dens (58%), and C2 to C3 fusions (34%) [19].

CVA in Orthodontic Patients

Of the different types of malocclusions (Angle Class
I, Class II and Class III), no significant difference in the
distribution of CVA has been observed and with no gender
dimorphism [24]. Farman, et al. [25] evaluated lateral
cephalograms of 220 normal adolescent orthodontic
patients and patients with craniofacial dysostosis and
oculodento-osseous dysplasia. Variation was observed in the
morphology of the upper cervical vertebrae which exhibited
posterior arch dehiscence in eight individuals. Three patients
had accessory ossicles above the posterior arch of the atlas,
and two showed evidence of fusion of the second and third
cervical vertebrae.

Yoshihara, et al. [1] incidentally encountered an anomaly
of the cervical vertebrae during an orthodontic examination
of an eight year old boy who presented with a cleft lip
and palate. The patient was diagnosed with Klippel-Feil
syndrome by an orthopaedic specialist to whom referral was
made for a detailed examination. Mild cases of CVA may not
present with significant clinical symptoms but may develop
neurological symptoms secondary to degenerative disc
diseases of the adjacent mobile segments, spinal instability
from hypermobility or resulting after trauma, or spinal
stenosis in the later decades of life. Fusion of the first and
second cervical vertebra (C1 and C2) tends to produce
symptoms in the first decade of life, while the fusion of
the second and third cervical vertebra (C2 and C3) exhibit
neurological symptoms in the third decade. Most symptoms,
regardless of the location of the lesion, appears before 30
years of age.

Meibodi, et al. [26] showed that 73.3% of Class III
patients exhibited fusion of cervical vertebrae compared to
32.6% of Class I patients. Sun and Lee [27] found that males
and females with cleft lip and palate had lower skeletal
maturity than their unaffected peers and a delayed pubertal
growth peak. Patients with CVA are at a higher risk of
developing obstructive sleep apnoea [28]. CVA may narrow
the spinal canal so that hyperextension of the neck during
endotracheal intubation or while positioning the patient
head for palatoplasty may injure the spinal cord. Pharyngeal
flap surgery may not be advisable in adult patients with
cleft palate [29]. A lateral cephalogram offers an excellent
diagnostic tool to rule out CVA.
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Lateral cephalogram is routinely advised for orthodontic
patients. CVA can be assessed on the lateral cephalogram.
Patient and parents can be informed about the syndromes
associated with CVA and clinical manifestations of syndrome
which may not be present during early decades of life but
can occur or worsen in 2nd and 3rd decades of life. Early
counselling and appropriate management will help the
patient to reduce or prevent clinical manifestation later in
life.

Prevalence of CVA in Patients with Cleft Lip and
Palate

CVA within cleft and non-cleft groups show considerable
global variation. The prevalence of CVA in cleft group varied
from 13% to 39% while it varied from 0.8% to 31% in non-
cleft cases [29]. A study by Kharbanda, et al. reported that
the prevalence of CVA was 37.7% (95% CI: 29.8% - 46.1%)
in the cleft group and 20.7% (95% CI: 14.5% - 28.0%) [30]
in the non-cleft group. Fusion of cervical vertebrae as the
most common anomaly within the cleft/non-cleft groups
irrespective of cleft type.

Clinical Relevance of CVA

The association between two or more anomalies linked
to a common embryologic factor is frequently reported in
studies related to craniofacial dysmorphia. Based on this
observation, a relationship between the CLP and CVA was
hypothesised. Ross and Lindsay [3] studied the association
and questioned inappropriate cervical development in CLP
aetiology. Developmental abnormalities of the cervical spine
vary widely, are often sporadic, and may be isolated or a
part of a multi-organ-systemic syndrome anomaly. Many
anomalies are asymptomatic and go undetected, but several
types may result in biomechanical instability or compress
neurologic structures, thus placing the patient at risk of
neurologic injury or chronic pain from the deformity [2].
Identifying the lesions with significant clinical implications
at an early age is essential, not only for treatment of the
malformation but because there may be an association with
other spinal and non-spinal diseases related to development.

Orthodontic implication of CVA

Lateral cephalograms are routinely advised for the
patients in orthodontic and cleft and craniofacial clinic for
diagnosis and treatment planning. During the clinical visit
of the patient CVAs can be diagnosed by the orthodontist in
the lateral cephalogram. In case of presence of CVAs patient
can be referred for genetic evaluation to assess the presence
of syndromes. Even so, a high proportion of cleft and non-
cleft cases were observed which showed CVAs. If a more
sensitive imaging technique such as CBCT and MDCT are

Tabassum Q, et al. Syndrome Associated with Cervical Vertebrae Anomalies and Orthodontic

Relevance. ] Dental Sci 2022, 7(2): 000331.

Open Access Journal of Dental Sciences

used, the prevalence may well be different [31]. However,
such techniques are associated with exposure to radiation
and come with specific indications. The finding of a CVA in a
lateral cephalogram should be interpreted with caution and
identified. Cases appropriately referred to the neurologists/
orthopaedic specialist or for counselling and alternative
management.

The long-term sequelae of a cleft associated CVA are a
subject requiring further investigation. The orthodontic
management of patients with clefts and CVA does not differ
from that of other patients. A diagnosis of CVA allows a
better understanding of the cleft development process.
Early diagnosis of fusion is critical in determining the risk
of other associated diseases at presentation and secondary
neurological symptoms in the future. CVA, which may
have remained obscure, can be revealed incidentally via
radiological examinations performed for orthodontic
reasons.

Limitations and Future perspectives

The advancement of technology using 3D reconstruction
from cone beam computed tomography images with reduced
radiation will enable a more accurate assessment of the
cervical spine area.

Conclusion

Identified orthodontic cleft and noncleft patients with
cervical vertebrae anomalies need a timely referral to
appropriate specialist for counselling and management
to prevent spinal and non-spinal diseases related to
development later in life.
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