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Introduction
A precise radiographic assessment and interpretation of 

various anatomic structures are critical as these structures 
may serve as a nidus to an underlying disease process. In 
dentistry, lateral cephalogram is one of the most widely used 
diagnostic radiographs in clinical orthodontics for cephalometric 
tracings, which can also help analyse any significant pathology 
of the cervical spine region. One of the important anatomical 
findings in the cervical spine region is ponticulus posticus (PP), 
an abnormally deformed bony bridge of the atlas first reported 
by Macalister in 1893 (1,2). It connects the posterior region 
of the superior articular process to the postero-lateral region 
of the superior margin of the posterior arch of the atlas (3). It 
is assumed to result from the lateral margin of the posterior 

aspect of atlanto-occipital membrane ossification that varies 
at different levels (4). Some terminologies for PP include the 
Arcuate foramen, Kimmerle anomaly, Retroarticular canal, 
Canalis arteriae vertebralis, Pons posticus, Foramen sagitale, 
and Foramen atlantoideum (5-8). The association of this 
structure with disorders such as vertebrobasilar insufficiency, 
migraine without aura, cervical pain syndrome, sudden 
sensorineural hearing loss, diplopia, chronic tension-type, and 
cervicogenic headaches is of great clinical significance (9,10). 
Often, negligence in the detection of PP may result in serious 
complications during cervical spine surgical interventions for 
managing atlantoaxial instability (11).

The origin of PP is associated with the activity of neural crest 
cells throughout fetal development (12). A major portion of the 
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skull, vertebral column, maxilla, mandible, and dental tissues 
originated from these pluripotent stem cells. Any anomalies 
involving the neural tube may raise the likelihood of aberrant 
development of the skull, vertebral column, and teeth (13,14). 
Thus, the dentoskeletal aberrations including malocclusions can 
be linked to abnormalities in the head and neck position, cervical 
inclination and orthopedic abnormalities (15). To date, various 
approaches have been used to assess the frequency of PP in 
different populations, most commonly in cadaveric specimens, 
dried atlas specimens, and plain radiography (4). A recent 
meta-analysis by Elliott and Tanweer (11) showed that PP is as 
common as 16.6% in lateral radiographic studies and 18.8% in 
cadaveric investigations. Previous studies have examined the 
prevalence of PP in various cultural groups and its association 
with other conditions such as cervicogenic headache (16), 
narrow disc space (17), cleft lip and palate (18), and elongated 
styloid process (19). However, the data on the prevalence of PP 
and its radiographic characteristics observed among the various 
sagittal skeletal patterns and other maxillofacial conditions are 
sparse. Hence, this study evaluated the association of PP in 
various skeletal malocclusion groups.

Methods
In this retrospective study, we collected lateral cephalograms 

of the subjects who had visited the Department of Maxillofacial 
Radiology [AB Shetty Memorial Institute of Dental Sciences, 
Constituent College of NITTE (treated as University), 
Mangalore] from January 2020 to December 2021. Radiographs 
were screened based on selection criteria. We included lateral 
cephalograms of subjects aged 18 to 40 years, taken with good 
diagnostic quality for various diagnostic purposes. A total of 
1564 radiographs were obtained to analyse for PP based on 
the subject’s skeletal malformations. The radiographs obtained 
from the archives underwent quality assessment in terms of 
dimensional stability and image clarity. However, we excluded 
164 radiographs due to poor image clarity, the presence of 
facial deforming pathologies, evidence of surgical interventions 
of the maxillofacial skeleton, and radiographic images that 
had poor visibility of the posterior arch of the atlas (due to 
overlapping of the occiput or the mastoid region over the area 
of interest). Radiographs of subjects with any artifacts affecting 
the craniofacial region were also excluded. The study was 
performed following the AB Shetty Memorial Institute of Dental 
Sciences Institutional Ethical Committee approval (Ethics/
ABSMIDS/188/2022, date: 21.01.2022).

Image acquisition

The lateral cephalograms were procured with Planmeca 
ProMax S2-2D (Helsinki, Finland, 2008) under standard imaging 
techniques with the exposure parameters of 60-84 kV; 5-16 mA, 
and an average exposure time of 18.7 s. The image analysis was 
carried out in Planmeca Romexis software (version 2.4.2). Two 

independent oral and maxillofacial radiologists with a minimum 
of 10 years of clinical experience evaluated the radiographs. 
They examined no more than 10 longitudinal sets of graphs at a 
time to reduce bias caused by fatigue. There were no significant 
discrepancies in the radiographic interpretation between the two 
radiologists, and the inter-examiner variability was assessed 
using the Kappa test.

Image analysis

Lateral cephalometric radiographs were carefully examined 
under appropriate lighting for the presence of PP, along with the 
sagittal skeletal patterns of the subjects. In lateral cephalometrics, 
the ANB angle is a parameter that defines the mutual sagittal 
relationship between the upper and lower jaws either as 
orthognathic, mesial, or distal (20). Based on the relationship 
of Point A - Nasion - Point B (ANB) angle measurements, the 
anteroposterior skeletal relationship between the maxilla and 
mandible was categorized as skeletal class-I (with ANB angle 
of 0-4°), class-II (with ANB angle of >4°) and class-III (with ANB 
angle of <0°) (21). Further, the morphology of PP was analysed 
based on the classification given by Lo Giudice et al. (22) as 
follows:

- Complete type - Presence of a fully extended/completed 
bony ring above the posterior arch of the atlas (Figure 1A).

- Partial type - The presence of less than a half-extended 
bone bridge from the condyle to the posterior dental arch (Figure 
1B).

- Absence of PP.

Statistical Analysis

Statistical analysis was performed with a Statistical Package 
for Social Sciences Software (International Business Machines 
Corporation, Armonk, NY, USA) version 26. The categorical 
data were represented as percentages and analyzed using 
the Pearson chi-square test. A p-value of 0.05 was considered 
statistically significant.

Results
The analyses included 1,564 lateral cephalograms and 

1,400 were selected based on the inclusion and exclusion 
criteria. Table 1 displays the characteristics of the sample. 
The mean age of the subjects was 21.96±0.24 years, and 
there were 607 males and 793 females. Table 2 displays the 
frequency of PP and its types across genders and different 
skeletal malocclusion. Out of 1,400 radiographs, 329 (23.5%) 
showed PP, of which 188 (57.1%) belonged to males and 
141 (42.9%) belonged to females. There was a statistically 
significant association between the occurrence of PP and male 
gender (p=0.001). The partial type (73.3%) was predominant 
compared with the complete type (26.7%). Although the partial 
type was more common among females, there was no statistical 
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difference. However, we observed a statistically significant 
association between PP across different skeletal malocclusion 
groups (p=0.049). PP was predominantly found in the class-
III (27.8%) skeletal malocclusion followed by class-I (23.1%) 
and class-II (20.6%). The occurrence of the complete form of 
PP was higher in skeletal class-III (31.3%) followed by class-I 
(27.8%) and class-II (20.6%) malocclusion. The partial type was 
predominant in skeletal class-II (79.4%), followed by class-I 
(72.2%) and class-III (68.7%) malocclusion. However, there 
was no significant difference between the different types of PP 
among the skeletal malocclusion groups.

Discussion
Over the last few decades, the relationship between minor 

atlanto-occipital abnormalities and their clinical impact has 
gained interest among various specialties, including head 
and neck surgery and orthopedics. Considering its serious 
complications in the surgical interventions of the cervical spine, 

clinicians and maxillofacial radiologists must have an in-depth 
knowledge of the anatomical variations of the cervical vertebrae 
and their characteristics using routine imaging modalities for 
the identification of any pathologies and for establishing an 
appropriate referral strategy.

The congenital origin of PP from the neural crest cells 
can be indicated by the presence of lamellar patterns inside 
the bone matrix, signifying endochondral ossification. PP has 
been thought to arise from neural crest cells (23,24). However, 
different theories have also been proposed. According to Geist 
et al. (25), PP was unlikely to mature as hypertrophic adaption, 
while Schilling et al. (26) considered it an osteophytic formation 
to safeguard the passage of the vertebral arteries during head 
and neck movements.

Our study reported a prevalence rate of 23.5%, which is 
comparatively higher than the previous studies that reported a 
rate from 11.5% to 18.8% (27,28). Variations in the prevalence 
of PP may be associated with the characteristics of the 

Figure 1. A) Lateral cephalogram demonstrating a complete-type ponticulus posticus in the cervical spine region. B) Lateral cephalogram demonstrating 
a partial-type ponticulus posticus in the cervical spine region

A B

Table 1. Characteristics of the study sample
Total no. of lateral cephalometric radiographs screened 1,564
No. of lateral cephalometric radiographs excluded 164
No. of lateral cephalometric radiographs included 1,400
Characteristics of the radiographs 
Gender Total %
Males 607 43.4

Females 793 56.6

Skeletal malocclusion n %
Class-I 575 41

Class-II 470 33.6

Class-III 355 25.4
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study population, such as racial and geographic differences. 
Additionally, radiographic factors like imaging modality and 
exposure parameters could also lead to variation in the 
identification of PP (29,30). Considering the variability across 
gender, the prevalence of PP was statistically significant and 
more frequent among the male population (57.1%) than females 
(42.9%). These findings were parallel to the observations 
of Adisen and Misirlioglu (27), Bayrakdar et al. (31), Geist 
et al. (25), and Tripodi et al. (32) who also observed a male 
predominance. This could be attributed to the increased stress 
exerted on the atlanto-axial junction due to cervical movements 
(33). We found the partial form of PP to be predominant among 
the study population; however, we did not find any statistically 
significant difference between gender and types of PP. Our 
findings are in agreement with the observations of Chitroda et 
al. (34) and Pękala et al. (35).

Additionally, we considered the possibility of a relationship 
between cervical vertebrae aberrations and skeletal 
malocclusions due to their similar embryologic origin in which 
the cranial base acts as the linking factor (13,36). The evaluation 
and classification of orthodontic malocclusion are based on 
diverse clinical manifestations and cephalometric morphology. 
The utility of the lateral cephalometric radiographs to precisely 
evaluate skeletal malocclusions is higher since the skeletal 
relationship of the maxillar and mandibular arches is not affected 
by discrepancies in the tooth structure like dental caries and 
fractures (37). We found skeletal class-I malocclusions more 
frequent in our study population, followed by class-II and class-
III. Our findings are similar to that of Dinesh et al. (38), who 
also reported class-I as the most predominant type of skeletal 

malocclusion. We observed PP more prevalent in the skeletal 
class-III malocclusion groups. The results were in agreement 
with the findings of Bayrakdar et al. (31) and Sonnesen and 
Kjaer (14), who have reported an association of morphological 
abnormalities of the cervical column with increased mandibular 
overjet. The higher frequency of vertebral body fusion was 
linked to craniofacial abnormalities in the sagittal plane based 
on early genetic signals related to the diverse functions of the 
notochord (39). We analyzed the types of PP among the various 
skeletal malocclusion groups and found that the partial form 
was the most common type. The partial type was predominant 
among the skeletal class-II malocclusion, which is similar 
to the previous studies by Lo Giudice et al. (22) (3.9%) and 
Ain et al. (40) (49.5%) (26). Our findings also emphasize the 
positive correlations between skeletal malocclusion, craniofacial 
deformities, and cervical vertebral anomalies (1,31).

The clinical importance of PP may be related to surgical 
concerns in the management of atlantoaxial instability (41). This 
anomaly of the skeletal column is present in the region of the 
vertebral artery, greater occipital nerve, and epidural venous 
plexus, which are all essential neuro-vascular structures (41-
43). The intraforaminal segment of the vertebral artery can be 
severely compressed by PP, resulting in blood flow abnormalities 
in the vertebral arteries and a spreading deficiency in the 
inferior branches of the posterior cerebellar arteries (43,44) and 
increasing the risk of neurological disorders such as Barré-Lieou 
syndrome, migraine, and vertigo that may cause nausea, vision 
problems, retro-orbital pain, tinnitus, dizziness, headaches, 
paralysis of the extremities, and disturbances in swallowing and 
phonation (9,45). Significant bleeding and occipital neuralgia 

Table 2. Frequency of ponticulus ponticus and its types based on gender and skeletal malocclusion
Ponticulus posticus

Total p
Present Absent

Gender
Male 188 (30.9%) 419 (69.1%) 607

0.001
Female 141 (17.8%) 652 (82.2%) 793

Malocclusion
Class-I 133 (23.1%) 442 (76.9%) 575

0.049Class-II 97 (20.6%) 373 (79.4%) 470

Class-III 99 (27.8%) 256 (72.1%) 355

Type of ponticulus posticus
Total p

Complete Partial
Gender
Male 53 (28.2%) 135 (71.8%) 188

0.495
Female 35 (24.8%) 106 (75.2%) 141

Malocclusion
Class-I 37 (27.8%) 96 (72.2%) 133

0.224Class-II 20 (20.6%) 77 (79.4%) 97

Class-III 31 (31.3%) 68 (68.7%) 99
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can result from any vertebral injury inflicted on this region during 
the atlantoaxial fusion (42,43,45). According to Young et al. 
(41), the misinterpretation of PP for a broad posterior arch of 
the atlas during the placement of a lateral mass screw can lead 
to stroke or even death due to embolism, thrombosis, or arterial 
dissection due to vertebral artery injury. Furthermore, given the 
extensive range of osseous involvement in Nevoid Basal Cell 
Carcinoma Syndrome (NBCCS), the calcification of atlanto-
occipital ligament has recently been postulated as an additional 
radiological finding in NBCCS (46). NBCCS, also known as 
Gorlin-Goltz syndrome, is a rare multisystemic disease often 
inherited as an autosomal dominant trait with high penetrance 
and varied expression (47). Based on the observations from 
Leonardi et al. (46) and Friedrich (48), a strong association of 
PP in individuals with NBCCS syndromic patients has been 
reported. Thus, the understanding of anomalies and pathologies 
of the craniofacial junction using radiological imaging as a 
baseline screening tool is essential to assist in the diagnosis and 
prediction of any likely consequences, which might be beneficial 
for the patients.

Study Limitations

The current study has an inherent limitation of the inability 
to evaluate the three-dimensional morphology and symmetry 
of PP. Although the findings of our study suggest that these 
radiographs are adequate for screening cervical spine anomalies 
such as PP, a 3D imaging modality is essential for the accurate 
diagnosis and morphological evaluation of the skeletal column 
anomalies.

Conclusion
In conclusion, PP was more common among the skeletal 

class-III malocclusion groups. Although PP did not show any 
predilection for a particular age range, male predominance 
was observed. We also suggest that the possible relationship 
between the maxillofacial region and vertebra needs to be 
studied in large-scale future prospective studies as their 
association is still unclear. 
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