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Background: The ponticulus posticus (PP) is an important anomaly of the atlas (C1 vertebra) with a complete or partial bone bridge that transforms the groove of the vertebral artery (VA) into a canal (arcuate foramen). The aim was to retrospectively determine prevalence of PP evaluating morphological features and the possible association with other dentoskeletal anomalies in the midface and neck area such as maxillary canine impaction (MCI), atlas posterior arch deficiency (APAD), and sella turcica bridging (SB).

Methods: This study was conducted in the Department of Medical, Oral and Biotechnological Sciences of the University “G. D'Annunzio” in Chieti. The detection of PP was performed on 500 patients with cone beam CT (CBCT) images (6 to 87 years).

Results: Analysis revealed the presence of uni- and bi-lateral PP in 110 patients (22%): 24 (4.8%) patients with bilateral complete PP, 12 (2.4%) patients with complete PP on the left, 6 (1.2%) patients with complete PP on the right, 8 (1.6%) patients with complete PP on the right and partial PP on the left, 6 (1.2%) patients with complete PP on the left and partial PP on the right, 26 (5.2%) patients with partial bilateral PP, 18 (3.6%) patients with partial left PP, and 10 (2%) patients with partial PP on the right. The Chi-squared statistic confirmed that there are significant associations between MCI and PP (p = 0.020) and between SB and MCI (p <0.00001). No correlation between chronological age and presence of the PP (p = 0.982), between chronological age and morphotypes of the PP (p = 0.779), between APAD and the PP (p = 0.0757), between SB and the PP (p = 0.111), and between APAD and MCI (p = 0.222) were found.

Conclusion: This observational study showed how bilateral partial variant and bilateral complete variant are the most represented morphotypes in all the age groups. The prevalence of MCI is positively associated with PP and with SB.
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INTRODUCTION

This study aims to improve knowledge regarding age-related prevalence and morphological features of the ponticulus posticus (PP).

The PP is an atlas (C1 vertebra) anatomical variant. It consists of a complete or partial bone bridge in the sulcus located on the first cervical vertebra posterior arch (1).

This sulcus sustains the vertebral artery and suboccipital nerve. In addition to the “PP,” there are many other terms in the literature describing this anomaly: arcuate foramen, atlas bridging, canalis arteriae vertebralis, foramen retroarticular, foramen sagittal, pons ponticus, posterior atlantoid foramen, posterior ponticulus, retroarticular ring (2).

There are different schools of thought regarding the origin of the PP: according to some authors, it is a congenital feature (3); others suggest that it may have a genetic trait (4); however, others assumed that it could be the result of ossification due to aging (5) or a result of external mechanical factors (6) [e.g., carrying heavy objects on the head could play a role in its development (7)]. It has also been suggested that bone arch finally may develop to protect vertebral artery passage during head and neck movements (8).

It should be noted that presence of the PP is considered average in quadrupeds, probably because it aims to provide a further atlas lateral extension for posterior atlanto-occipital membrane attachment. Since in mammals, the head is supported by neck muscles and ligaments and by this membrane. Likely, the adoption of the upright posture in man, transferring vertical head load on the upper articular atlas process led to the progressive disappearance of the PP (9).

There are also conflicting opinions in literature regarding the association between chronological age and presence of the PP. Some authors suggested that this anomaly outcome of senile ossification and, therefore, has a predilection for older subjects (10). It is also possible that over time, progressive mineralisation of the PP occurs. However, other studies have found no statistically significant association between chronological age and presence of the PP (8, 11, 12).

The PP can be radiographically diagnosed by lateral cephalography (6, 13) and CT (7, 14, 15); cone beam CT (CBCT) has recently been used in several studies (11, 16, 17). CBCT allows a shorter scan time and the radiation dose is up to 10 times lower than that of CT scans and costs are significantly reduced (18).

Cone beam CT is considered the gold standard in the radiodiagnosis of the PP; it is possible to carry out correct characterization and classification of the PP, thanks to three-dimensional technology. Bidimensional diagnostic methods do not allow the precise evaluation of morphological characteristics and anomaly symmetry of the PP: this is considered a limitation shared by all the previous radiographic studies performed with lateral cephalography (19). Patients who come to the Orthodontics and Orofacial Pain Department for temporomandibular disorders (TMD) undergo a radiological examination, which consists of a CBCT to plan orthodontic treatment. With the low-dose protocol CBCT, radiation is significantly lower than with the helical CT with higher spatial resolution. A combination of volumetric reconstruction and multiplanar views can provide useful information in orthodontics about skeletal tissue, dentition, and airway status (relevant for sleep apnoea cases). CBCT allows to obtain a complete diagnosis for the patient's general health, instead of a diagnosis limited to the orthodontic field (12).

Identification of the PP is important in orthodontics because this anomaly is implicated in the development of otherwise unexplainable neck pain and headaches, visual disturbances, problems with speech and swallowing, vertigo, and vascular problems (20) (Figure 1).
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FIGURE 1. Schematic representation of the partial ponticulus posticus (PP) (left) and the complete PP (right). The image is taken from “G. D'Annunzio” University archives.


It is important to consider that an excessive bone protrusion caused by vertebral artery deep impression should not be confused as the PP. Instead, this refers to a deep sulcus and can often erroneously lead to partial diagnosis of the PP (11).

The PP can be classified as bilateral or unilateral, thus obtaining all the possible variants and being defined as partial and complete.

The PP is generally considered a simple anatomical variant. The clinical significance of this anomaly is still controversial today, as several studies have found a possible association with symptomatologic conditions, although some patients presenting the PP are asymptomatic.

Various authors interpret the etiology of symptoms differently: some believe that the painful symptoms are due to suboccipital nerve compression; others claim that pain is caused by sympathetic periarterial plexus irritation and others suggest that it may instead be related to a vertebral artery direct compression (21).

Compression of nervous and vascular structures passing through this hole (the vertebral artery, sympathetic periarterial plexus, and suboccipital nerve) may involve a combination of symptoms such as headache, neurosensory hearing loss, neck pain, dizziness, vertebrobasilar insufficiency, Barré–Liéou syndrome, shoulder pain, and, in some cases, also postural muscle tone loss and loss of consciousness.

In literature, some recent studies on the PP have evaluated the correlation of craniofacial skeletal anomalies with dental developmental anomalies due to the common embryological origin of the teeth and craniofacial bones, neck, and shoulder. The development of these structures is influenced by neural crest cells (NCCs) (22). So, the various anomalies of this area could be related to each other. The effect of NCCs and homebox and hox genes contributing to the formation of many parts of the cervicovertebral area (including atlas) and the midface (including teeth and sella turcica) seems to explain the relationship between dental and skeletal anomalies following a genetic mutation (23). CBCT allows diagnosing other craniofacial anomalies: maxillary canine impaction (MCI), atlas posterior arch deficiency (APAD), and sella turcica bridging (SB).

After third molars, permanent canines are the most commonly impacted teeth, with an incidence of 0.92 to 3.58% in the general population (24). The incidence of canine inclusion in the maxilla is more than twice that of the mandibular canine inclusion due to genetic factors (25).

Atlas posterior arch deficiency is a rare anomaly of the posterior arch of the atlas. Sella turcica bridge (SB) is a rare phenomenon of ossification of the interclinoid ligament (ICL) between the anterior clinoid process and the posterior clinoid process (26).

Association between dentoskeletal variations has been previously reported in literature, but some results are partially contradictory particularly for APAD (27). The aims of this cross-sectional study were to improve knowledge regarding PP's age-related prevalence and morphological features and verify a correlation between dentoskeletal anomalies in subjects with the PP; the novel aspect of this study is that CBCT conducted the radiographic diagnosis. The first null hypothesis is no association between chronological age and presence of the PP and between chronological age and morphotypes of the PP.

The second null hypothesis is no association between the PP and dentoskeletal variations (MCI, SB, and APAD). The third null hypothesis is no association between the occurrences of dentoskeletal variations (MCI, SB, and APAD).



MATERIALS AND METHODS

This cross-sectional study used patients with CBCT images obtained from the archives of the Department of Medical, Oral and Biotechnological Sciences of the University “G. D'Annunzio” in Chieti.

Ethical approval (number 23) was obtained from the Independent Ethics Committee of hospital of Chieti. This study protocol was drawn in accordance with the European Union Good Practice Rules and in line with the Helsinki Declaration. Written informed consent was obtained from patients for publication of this report and any accompanying images. The sample included 500 Italian patients (age range: 6–87 years; average age: 27.08 ± 15.12 years) who presented for orthodontic diagnosis and treatment planning (28). This cohort was composed of 202 males (40.4%) and 298 (59.6%) females. Age of the male patients ranged from 6 to 86 years (average age: 23.8 ± 13.3 years), while female patients were aged between 7 and 87 years (average age: 29.3 ±15.9 years).

To eliminate any evaluation error, each CBCT image was separately analyzed and subsequently compared by the authors, detecting in most cases a correspondence between the two control lines. In case of disagreement on presence of the PP, a third observer was consulted. Only images in which all the observers agreed on presence or absence of the PP in any form (complete or partial) were included in prevalence calculation.

To minimize the risk of inaccurate measurements due to fatigue, no more than 50 radiographs were evaluated at a time.

The inclusion criteria were patients aged 6 years or older without any congenital craniofacial region syndromic pathologies and a history of trauma or surgery in the craniofacial and cervical areas. The inclusion criteria were patients aged 14 years or older, since the eruption of the canine usually finishes at 12–13 years of age (all the teeth have usually completely erupted by this time, except the third molar) for the evaluation of the association between MCI and the PP, MCI and SB, MCI and APAD, and SB and APAD (29).


Exclusion Criteria

• Insufficient image quality (e.g., because of patient movement)

• Region of interest cut

• Congenital lip and palate anomalies or other craniofacial region syndromic pathologies

• History of trauma or surgery in the cervical spine

• Non-Italian nationality.

Cone beam CT images were obtained by using Pax-Zenith 3D CBCT (Vatech Corporation Ltd., Hwaseong, Korea) with a low-dose acquisition protocol based on the following parameters:

• Field-of-view (FOV) 240 ×190

• Normal resolution quality

• 80 kVp

• 5 mA

• Acquisition time of 15 s.

Patients were positioned at a Frankfurt plane parallel to the floor with the head contained in the portal of the X-ray detector system. A 360° rotation was performed around the head of the patient with a scan time of 15–20 s. Subsequently, the patient left the examination room and the raw data were loaded and reprocessed in multiplanar and three-dimensional images using the Dolphin imaging software.

General prevalence and distribution of the PP were measured considering the different morphotypes compared to the age of the patients.

Patients were divided into three groups to simplify analysis of the obtained results:

• From 6 to 33 years

• From 34 to 60 years

• From 61 to 87 years.

All the data were recorded using the Microsoft Excel version 16.0 for Windows 10.

The PP was classified by authors in all its forms: absent (A), bilateral complete (C), complete left (CL), complete right (CR), complete right and partial left (CRPL), complete left and partial right (CLPR), bilateral partial (P), partial left (PL), and partial right (PR).

Complete PP was defined as a clearly visible bone bridge circumferentially extending from the upper articular process to the posterior arch of the atlas.

Partial PP was defined as a bone spike above the vertebral artery sulcus extending from the upper articular process or from the posterior arch of the atlas. Bone bridges with central discontinuity or discontinuity near their origin have been included in this category (examples of partial PP). However, very accentuated bone angles due to a high depth of vertebral artery sulcus have been discarded and not included in the various forms of PP.

Cone beam CT allows diagnosing other dentoskeletal anomalies such as MCI, APAD, and SB.

Maxillary canine impaction was sought in patients aged 14 years or older and never treated orthodontically before the CBCT images were taken; for this reason, the subsample includes only 256 patients. The diagnosis of MCI was performed on CBCT and confirmed by medical records without distinguishing between unilateral or bilateral impaction of the maxillary canine.

Atlas posterior arch deficiency was diagnosed measuring the sagittal length of the posterior arch of the atlas to define its level of formation: fully formed or deficient (30). SB was diagnosed by measuring the length (from the tip of the dorsum sella to the tuberculum sella) and the diameter (longest distance between the tuberculum and the farthest point on the inner wall of sella). The severity of calcification was classified by using the standardized scoring scale developed by Leonardi:

- No bony bridge: The length of sella turcica was less or equal to three-quarter diameter (type I)

- Partial bony bridge partial calcification: The length of sella turcica was < three-quarter diameter (type II)

- Complete bony bridge: The image showed the diaphragm sella or contact between the tuberculum and dorsum (type III) (31).



Statistical Analysis

All the CBCT images were randomly selected and analyzed to evaluate the reliability of this study. Radiological diagnosis of the PP, MCI, type II SB, type III SB, and APAD was performed on CBCT images.

Data were subjected to statistical analysis using the IBM SPSS 17 software (IBM Corporation, New York, USA) and the Stata 9.0 software (StataCorp LP, College Station, Texas, USA). The chi-squared test was used to analyze the differences between data collected. The level of significance was set at p <0.05 with a 95% CI.




RESULTS

Analysis of 500 CBCT images revealed presence of the PP (uni- or bi-lateral) in 110 patients (22%).

Of these 110 patients:

• 24 patients (4.8%) showed bilateral complete PP

• 12 patients (2.4%) showed complete PP on the left

• 6 patients (1.2%) showed complete PP on the right

• 8 patients (1.6%) showed complete PP on the right and partial on the left

• 6 patients (1.2%) showed complete PP on the left and partial on the right

• 26 patients (5.2%) showed partial bilateral PP

• 18 patients (3.6%) showed partial left PP

• 10 patients (2%) showed partial right PP.

The most represented morphotype of the PP was the bilateral partial form followed by bilateral complete form.

The average age of all the patients recruited in this study was 27.08 years (SD: 15.124 years); among these patients could be classified as:

• Patients with the PP: Average age of 27.2 years (SD: 14.2 years)

• Patients without the PP: Average age of 27.04 years (SD: 15.39 years).

Average ages of the patients are shown in Table 1 and are distributed in various morphotypes of the PP. It was observed that the highest average age refers to the “CL” variant, while the lowest average age refers to the “CLPR” variant.


Table 1. Average age for various morphotypes of the ponticulus posticus (PP).
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The percentage of patients with PP was estimated in each age group:

• between 6 and 33 years: 21,80% of 371 total patients (81 patients with PP, 290 without PP)

• between 34 and 60 years: 22,30% of 112 total patients (25 patients with PP, 87 without PP)

• between 61 and 87 years: 23,50% of 17 total patients (4 patients with PP, 13 without PP).

The P-value for the comparison of PP prevalences among the age groups was not statistically significant (P = 0.982)

By evaluating the most frequent morphotypes in various age classes, it can be seen that the complete and partial bilateral variants (22 and 25%, respectively) are more represented in the first age bracket (6–33 years).

Subsequently, there is a slight increase in all the complete forms in the second age bracket (34–60 years), primarily bilateral complete form (22 vs. 24%) with a concomitant reduction of partial forms, especially of the bilateral partial (25 vs. 16%); this could be due to complete ossification of adult patients with the PP, transforming partial form to complete bilateral form. The percentages remain almost unchanged in mixed forms (CRPL and CLPR).

Finally, the percentages were completely reversed in the last age group (61–87 years); the bilateral partial form includes half of cases while partial and complete left form represent the other half of patients. This is related to the small number of analyzed patients: 17 total patients and 4 patients with PP.

Table 2 shows the percentages of various morphotypes in different age groups; the chi-squared test showed that the association between chronological age and morphotypes of the PP is not statistically significant (p = 0.779).


Table 2. Percentages of various morphotypes of the PP in various age groups.
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Radiological diagnosis of MCI, SB, and APAD was also performed on all the 500 CBCT images.

The percentage, the prevalence, and the chi-squared test of patients with MCI, APAD, and SB were estimated in each case group (with the PP) and control group (without the PP).

Maxillary canine impaction was found in 14 of 256 total patients aged 14 years or older (5.4%) and in 6 of 49 patients with the PP, so the prevalence of MCI in patients with the PP is 12.2%; moreover, the prevalence of MCI in patients without PP is 3.8%.

The chi-squared test showed that MCI is more frequent in the PP group than in the control group (without the PP). There was a significant association of MCI with the PP (p = 0.020).

Atlas posterior arch deficiency was found in 11 of 500 total patients (2.2%) and 2 patients of 110 patients with the PP, so the prevalence of APAD with the PP is 1.8% and the prevalence of APAD in patients without the PP is 2.3%. The chi-squared test showed that the correlation of APAD with the PP is not significant (p = 0.757).

Type II SB (partial form) was found in 17 of 500 total patients (3.4%) and 6 of 110 patients with the PP, so the prevalence of type II SB with the PP is 5.4% and the prevalence of type II SB without the PP is 2.8%.

Type III SB (complete form) was found in 2 of 500 total patients (0.4%) and 9 of 110 patients with the PP, so the prevalence of type III SB with the PP is 0.9% and the prevalence of type III SB without the PP is 0.2%.

The chi-squared test was estimated for both the types of SB (II and III). The chi-squared statistic showed that the correlation between types II SB and type III SB with the PP is insignificant (p = 0.111).

The associations between dentoskeletal variations (MCI-APAD, MCI-SB, and SB-APAD) were sought inside the subsample of 256 patients aged 14 years or older. The APAD was found in 6 patients (2.34%) and SB was found in 15 patients (5.85%).

Atlas posterior arch deficiency was found in 1 patient with MCI (7.14%); SB was found in 5 patients with MCI (35.71%). No patients with SB and APAD were found in the subsample. The chi-squared test showed that the association of MCI with APAD is insignificant (p = 0.222), but the association of MCI with SB is significant (p <0.00001).



DISCUSSION

This study evaluated the prevalence of the PP across the general population and examined the association between MCI, APAD, SB, and the PP and between dentoskeletal variations (MCI-APAD, MCI-SB, and SB-APAD). This study also examined the prevalence of MCI, APAD, and SB in patients without the PP. The subjects of this study were patients of Italian nationality (Caucasian race). No formula and parameters were used for sample size estimation. This study showed that the PP has a prevalence of 22% across the general population. This result agrees the previous studies performed on CBCT images as reported in Table 3; only in four studies, authors found a prevalence of the PP higher than our result (11, 16, 17, 33). The result of this study is slightly higher than Elliot and Tanweer revision (performed on cadavers, by lateral radiographs and CT; 2014) in which the reported percentage was 17%. In general, this result is slightly higher than previous studies performed on lateral radiographs as reported in Table 4.


Table 3. The PP studies on cone beam CT (CBCT) in literature.
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Table 4. The PP studies on lateral radiographs in literature.
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The average age corresponds to 25.87 years in patients with a partial bony bridge and 27.55 years in cases with complete formation of the bony ring. The most represented morphotypes are the bilateral partial form (5.2%) followed by the bilateral complete variant (4.8%) according to the literature (19).

The following study recruited a higher rate of young patients than older patients, because the CBCTs evaluated were performed for orthodontic problems, which are more common in younger patients. The sample size of the age group 61–87 years (17 total patients) is smaller than the sample size of the other age groups due to the low request for orthodontic treatment.

The limitations of this study include the age distribution of the sample, which was not homogeneous.

According to Putrino et al., there is a positive relationship between dental agenesis and the PP. Orthodontists can play a key role in diagnosing the PP. If orthodontists identify the PP during the radiologic examination, it must be documented in medical records of the symptomatic patients and it is necessary to investigate further with specific examinations (20).

The prevalence of the PP is influenced by the quality and resolution of the radiographic image as a diagnostic tool, thus confirming CBCT as the gold standard tool for the diagnosis of the PP compared to plain radiograph (7).

Studies effectuated on CBCT and lateral radiographs obtained different percentages as reported in Tables 3, 4.

The correlation of the PP with the gender of the patients because of the different percentages obtained in the literature can be excluded.

The different percentages are very variable in these studies, because the analyzed range differed according to the age and gender percentages of the patients.

The obtained results confirmed that progressive ossification of the PP with increasing age is the cause of bilateral complete variant increase with the concomitant bilateral partial reduction.

It is incorrect to interpret the results indicating that the percentage of the patients with the PP was slightly higher in the older age, since the p-value for this comparison is not significant. Actually, the age groups were not different (the p-value was not significant).

Maxillary canine impaction and SB were significantly increased in patients with the PP vs. those in the control group (without the PP). The prevalence of MCI with the PP (12.2%) is higher than the prevalence of MCI without the PP (3.8%). The chi-squared statistic confirmed that there is a significant association of MCI and the PP (p > 0.05). In literature, studies sought patients with MCI results have indicated an increased frequency of the PP (26, 47).

The prevalence of type II SB with the PP (5.4%) is higher than the prevalence of type II SB without PP (2.8%). Similarly, the percentage and the prevalence of type III SB in patients with the PP (0.9%) is slightly higher than the control group (0.2%). Type III SB (complete form) was found in only two patients agreeing that it is a rare condition. For this reason, the chi-squared test was estimated for both the types of SB (II and III) due to the irrelevant number of patients with type III SB. The chi-squared statistic confirmed that there is no statistically significant association between the PP and types II and III SB (p > 0.05) as confirmed in literature (23, 47).

The prevalence of APAD with the PP (1.8%) is slightly inferior to the prevalence of APAD without the PP (2.3%), and the chi-squared statistic confirmed that there is no statistically significant association (p > 0.05) between APAD and PP. In literature, no other studies have sought to determine the presence of APAD in patients with the PP.

The prevalence of APAD with MCI (7.14%) is inferior than the prevalence of SB with MCI (35.71%). No patients with SB and APAD were found in the subsample. No other studies have sought to determine the presence of APAD in patients with SB. The chi-squared test showed that the association of APAD with MCI is not significant (p = 0.222), but the association of MCI with SB is significant (p <0.00001). In literature, are conflicting opinions concerning the association between APAD and MCI and between SB and MCI. Some authors found significant associations between SB and MCI [30, 33.]. A significant association between APAD and MCI was found by Pasini et al. (30). This study result agrees with the study of Ghadimi et al. (26) where the association between APAD and MCI was not significant.



CONCLUSION

The first null hypothesis was not rejected because there is no association between chronological age and presence of the PP and between chronological age and morphotypes of the PP.

The second null hypothesis of the study was partially rejected because the presence of MCI is positively associated with the PP, but the presences of APAD and types II and III SB are not associated with the PP. The third null hypothesis was partially rejected because only the presence of SB is positively associated with MCI, but the presence of APAD is not associated with the MCI.

Dentists can consider maxillary canine impaction for a precocious diagnosis of the PP, since it is visible in radiographic images. It is also important that the dentists detect these anomalies in asymptomatic patients, reporting them in the medical record, as they may be related to some medically relevant symptoms.

There may be other dentoskeletal anomalies that deserve further studies.

Although limited by the small sample size of the last age group, this observational study showed that partial bilateral variant and complete bilateral variant subsequently are the most represented morphotypes in all the age groups.

Moreover, this study shows that partial variants decrease with a concomitant complete variant increase with rising registry age. Our future goal will be to understand whether a certain variant of the PP could be closely related to a specific symptomatic picture or to the complete absence of symptoms in order to set up therapy and treat each individual patient.
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