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Abstract: Progress in the study of the association between craniomaxillofacial deformities and the 
occurrence of cervical vertebra anomalies the assessment of cervical vertebra structural features is 
closely related to orthodontic clinical diagnosis and treatment planning. Lateral cephalometric 
radiographs are commonly used for orthodontic diagnosis, treatment planning and skeletal maturation 
assessment, and can also provide additional diagnostic data related to the cranial, facial, and upper 
cervical spine. In recent years many scholars have studied the prevalence of abnormalities in cervical 
vertebra structures and different malocclusions and other diseases and found a strong correlation 
between different skeletal malocclusions and abnormalities in cervical vertebra structures. Also the 
prevalence of cervical spine abnormalities was statistically higher in patients with skeletal malocclusion, 
especially sagittal skeletal malocclusion than in patients with dental vertical skeletal malocclusion type. 
This article reviews the association between various craniomaxillofacial structural abnormalities and 
different cervical spine structural features and discusses the importance of cervical vertebrae in 
craniofacial analysis.  
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1. Introduction 

Several congenital and acquired disorders can affect the skull, face and jaws, resulting in a variety of 
craniofacial deformities, which usually have a higher probability of occurring at birth or in early infancy 
[1]. Among them, malocclusion is more common deformities in the overall craniomaxillofacial 
morphological and structural anomalies. Malocclusion encompasses abnormal maxillary and mandibular 
relationships, steep mandibular angle (SMA), anterior open bite (AOB), high and narrow palate (HNP), 
posterior cross bite. In 1899, Mr. Angle, the father of orthodontics, proposed his famous classification of 
malocclusion, and now the World Health Organization estimates that malocclusion is the third most 
prevalent oral health problem after dental caries and periodontal disease. 

2. Characteristics of malocclusion 

2.1 Etiology of malocclusion 

Many etiologic factors for malocclusion have been proposed. Genetic, environmental and ethnic 
factors are the main factors in this regard. Certain types of malocclusion, such as Class III malocclusion 
relationships are familial, which makes a strong relationship between genetics and malocclusion. 
Likewise, racial factors are also present, for example, bimaxillary protrusion stands at a higher rate in 
Africans than in other races. Thus, malocclusion can be considered as a multifactorial problem with no 
specific etiology so far [3]. 

2.2 Prevalence of malocclusion 

The prevalence of malocclusion is relatively high in worldwide and occurs early in childhood. 
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According to recent studies, the worldwide prevalence of malocclusion was found to be 56% (95% CI: 
11-99) with no gender differences. The highest prevalence rates were found in Africa (81%) and Europe 
(72%), followed by America (53%) and Asia (48%). The prevalence score of malocclusion did not vary 
from the deciduous dentition period to the permanent dentition period, with a common score of 54%. 
Characteristics of malocclusion, such as Angle classification, deep overjet, deep overbite and 
asymmetrical midline shift, largely did not change their prevalence across dental stages. Conversely, 
features such as crossbite and interdental gaps decreased in prevalence during permanent dentition [4]. 

2.3 Classification of malocclusion 

2.3.1 Classification according to the molar relationship 

Class I: normal position of the maxillary and mandibular dental arches and normal occlusal 
relationship of the maxillary and mandibular first molars. 

Class II: abnormal relationship of the maxillary and mandibular dental arches, with all mandibular 
teeth in a distal position in the mandible. Angles considers two subclassifications under Class II: 

Class II 1 classification - maxillary anterior teeth protrusion; 

Class II 2 classification - maxillary anterior teeth inclined towards the lingually; 

Class III: abnormal relationship of the maxillary and mandibular dental arches, with all the teeth of 
the mandible occlude mesially; 

2.3.2 Classification by canine relationship 

Class I: maxillary permanent canine should occlude directly between the mandibular permanent 
canine and the first premolar. 

Class II: Maxillary permanent canine occlude mesially to the groove between the mandibular 
permanent canine and the first premolar. 

Class III: The maxillary permanent canine occlude distally to the groove between the mandibular 
permanent canine and the first premolar [5]. 

3. Characteristics of the cervical spine 

3.1 Structure of the cervical spine 

The cervical spine consists of seven cervical vertebrae, from C1 (Cervical Vertebrae 1) to C7 
(Cervical Vertebrae 7), which are divided into two main parts: the craniocervical joint (CCJ) and the 
subcentral vertebrae. CCJ includes vertebrae-Atlas (C1) and the second cervical vertebrae-Axis (C2). 
The first cervical vertebra (C1) is circumferential in shape, with no vertebral bodies, spinous processes, 
or articular processes, but consists of an anterior arch, a posterior arch, and two lateral blocks. The second 
cervical vertebra (C2) is characterized by a cone with an upwardly directed dentition. The third through 
sixth cervical vertebrae (C3-C4-C5-C6) have a similar morphology, while the seventh cervical vertebra 
(C7) has a longer posterior arch than the other cervical vertebrae. As a whole, the cervical spine is 
responsible for supporting the weight of the skull and allowing head and neck movements [6-7]. 

3.2 Pathologic and physiologic abnormalities of the cervical spine 

Abnormal cervical spine morphology occurs in patients with normal occlusal and normal craniofacial 
morphology, as well as in patients with craniofacial syndromes and severe malocclusion. A recent study 
found a 14.3% incidence of fusion between the second and third cervical vertebrae (C2-C3) in healthy 
subjects [8]. Therefore, fusion between cervical vertebrae within this range is considered normal. 
According to Sandham et al, the cervical spine anomalies (CVA) can be divided into two categories: 1. 
Fusion anomalies: they can be subdivided into Fusion, Block fusion and Occipitalization. Fusion refers 
to the fusion of one cervical unit with another vertebral body. The fusion can occur in different parts of 
the vertebral unit, such as the vertebral body, articular facets, neural arches or transverse processes. 
Atlanto-occipital fusion refers to the partial or complete union of the first cervical vertebra with the 
occipital bone. 2. Posterior arch deficiency (PAD), which is divided into vertebral arch cleft and posterior 
arch hypoplasia. Posterior arch deficiency (PAD) is defined as a fusion of the posterior arch of the 
cervical spine [9]. The posterior cervical bridge (Ponticulus Posticus, PP) is another cervical spine variant, 
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and Chitroda PK et al. showed that the posterior cervical bridge is an anatomical alteration of the 
atlantoaxial spine (C1), located in the posterior atlantoaxial arch and associated with the vertebral artery. 
This is an incidental finding, as seen in the lateral cephalogram of conventional orthodontic treatment. 
Posterior bridge means "small posterior bridge" in Latin. Other synonyms for posterior bridge are the 
arcuate foramen, the posterior foramen of the joint and the posterior foramen of the condyle [10]. In 
addition, there are two types of posterior bridges: partial and complete [11]. Wenger TL et al. found 
craniosynostosis, midfacial recession, and double handedness with fusion of the second to fourth 
fingernails in a population with Apert syndrome. A subset of patients had cleft palate and progressive 
protrusion of multiple bones (skull, hands, feet, wrist bones, tarsus and cervical vertebrae) was also 
common [12]. Klippel-Feil syndrome (KFS), or congenital cervical fusion, has been considered to be an 
extremely rare diagnosis. However, recent studies have found an increased prevalence of this condition 
and a high percentage of asymptomatic individuals. The pathogenesis involves failure of segmentation 
of the cervical vertebral body segments during embryonic development. Most commonly, the C2-C3 and 
C5-C6 levels are involved [13]. 

4. Craniomaxillofacial deformities and the occurrence of cervical vertebra anomalies 

4.1 Relationship between malocclusion and structural abnormalities of the cervical spine 

Sonnesen et al. recently studied that cervical spine skeletal anomalies can occur in healthy individuals 
with neutral occlusion and normal craniofacial morphology [14,15], followed by Kim et al. who studied 
cervical spine morphological deviations in patients with severe skeletal misalignment, bony opening, 
bony anterior maxillary protrusion, and bony mandibular hypoplasia [16-18].Anusuya V et al. found that 
partial cervical spine cleft (PC), fusion and complete cleft were the most frequently found cervical spine 
anomalies (CVA), while spina bifida (SB) was only found in individuals with a hypodifferentiated 
growth pattern. Compared to the vertical growth pattern (CVA) tends to be found more often in patients 
with sagittal growth malocclusion [19].Bedoya A found a relationship between the cranial base structures 
that determine the sagittal position of the maxilla, mandible and jaw and the cervical vertebral complex 
and hyoid bone after evaluating 24 images of young patients with Class II, Division 1 malocclusion using 
spiral CBCT [20].Di Venere D et al. studied the prevalence of PP (posterior cervical bridge) in patients 
with misalignment and found an 8% prevalence of PP (12 out of 150 cases), with 4.7% and 3.3% of 
complete and partial forms, respectively. Although females were more affected (9.6%), no significant 
gender-related differences were found. Analysis of lateral cephalometric films showed that half of the 
patients with PP were sagittally growing bony class I patients [21]. Adisen MZ et al. in the same study 
found PP to be a relatively common anomaly in patients with dental malocclusion. Although patients 
with An's class III showed a higher incidence of PP, no statistically significant differences were found 
between the various malocclusion groups [22]. Aranitasi L et al. investigated the relationship between 
different bony malocclusions and cervical spine anomalies and found that cervical fusion, cleft and partial 
cleft were the most common cervical spine anomalies. Cleft and partial cleft were found to be statistically 
significantly different between Class I, II and III. Cervical spine abnormalities and head posture are 
associated with fusion [23]. Bayrakdar IŞ et al. investigated the relationship between posterior atlantoaxial 
bridge and different bony malunion deformities and found that PP is a common abnormality in Turkish 
population, associated with different sagittal facet types, and the highest frequency of PP was found in 
patients with An's class III [24]. 

4.2 Relationship between cleft lip and palate and cervical vertebra anomalies  

Patients with cleft lip and palate are at a higher risk of developing cervical vertebra anomalies than 
the general population. Rate Recent studies on the possible development of cervical spine abnormalities 
(CVA) in patients with cleft lip and palate found a higher overall incidence of CVA in patients with cleft 
lip and palate [25-27]. Datana S et al. found that the incidence of cervical spine abnormalities was 20. 3% 
in the cleft lip and palate group compared to 6.4% in the control group. In addition, the prevalence of 
cervical spine abnormalities was 16.6% in the CPO group, 19.1% in the BCLP group, and 22.2% in the 
unilateral cleft lip and palate (UCLP) group. It was concluded that the prevalence of cervical spine 
abnormalities is higher in patients with cleft lip and palate [28].Bayrakdar IŞ studied the occurrence of 
ponticulus posticus (pp) in patients with cleft lip and palate and found that although 12 of 54 (22.3%) 
patients with surgically repaired cleft lip and/or palate in the study group were identified as having PP, 
108 (9.2%) of the control group only 10 of the patients had PP. the distribution of the presence of PP 
between the two groups was statistically significant [29]. 
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4.3 Relationship between obstructive sleep apnea, upper airway stenosis and cervical vertebra 
anomalies 

Adisen SR DDS et al. examined the prevalence of cervical spine morphological abnormalities in 
patients with different bony misalignments and evaluated the relationship between upper airway 
dimensions and cervical vertebra anomalies. The results of the study showed that the prevalence of CVA 
was 45.7%. The prevalence was not significantly different from that of skeletal malocclusion (P = 0.89) 
[30-32]. Zheng ZH et al. studied the structural characteristics of the upper airway in patients with different 
sagittal malocclusion and found a significant relationship between pharyngeal airway (PA) volume and 
Min-CSA and sagittal malocclusion (P < 0.05). Class I and III subjects had Nasopharyngeal airway (NA) 
volume was significantly greater than that of Class II subjects (P < 0.05) [33]. Claudino LV et al. found 
that the minimum and mean areas (hypopharynx, velopharynx, and oropharynx) were smaller in Class II 
subjects than in Class III, and the velopharynx was significantly less homogeneous in morphology than 
in Class I and Class III groups. A negative correlation was observed between ANB values and airway 
volumes in the hypopharynx and velopharynx (both males and females) and the oropharynx (male 
subjects only) [34]. 

4.4 Relationship between abnormal condylar morphology and cervical vertebra anomalies  

Kim JR et al. investigated the association between temporomandibular disorders (TMD) and cervical 
vertebra anomalies and found that subjects with condylar hypoplasia had significantly more cervical 
spine morphological deviations and deviations from the pattern compared to normal craniofacial 
morphology, as evidenced by the positive correlation between increased cranial base angle, cervical 
lordosis, upper cervical tilt, and cranial base angle and cervical column fusion. [35]. The results of the 
study by Hong SW et al. suggest that degenerative cervical changes were associated with changes in head 
posture and the development of active TrP in craniocervical musculature in older adults with myofascial 
TMD. In addition to this Kang JH et al. found an association between the duration of orofacial pain, the 
number of active TrPs in the trapezius muscle, the intensity of neck pain, the distance between the 
occipital bone and the atlas and migraine in adolescent patients with TMD. [36]. 

In summary, orthodontists often take cephalometric X-rays to diagnose cranial and maxillofacial 
abnormalities in order to determine the specific maxillofacial deformity of a patient, and cervical spine 
growth and development is often observed from cephalometric X-rays to estimate whether the patient 
has growth potential, and based on these aspects orthodontists often find cervical spine deformities first. 
The relationship between cervical spine deformities and craniomaxillofacial deformities is gradually 
being elucidated. Exploring the relationship between craniomaxillofacial deformities and cervical spine 
deformities can be an important diagnostic indicator for craniomaxillofacial deformities, and secondly, 
it can help to diagnose cervical spine deformities and thus prevent and avoid complications caused by 
cervical spine deformities through early treatment. 
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