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Abstract

Background: The term Ponticulus Posticus (PP) refers to a complete or partial bony bridge on the vertebral artery that passes through
the superior-lateral surface of the posterior arch of the atlas. This study was conducted with the aim of investigating the prevalence of
ponticulus posticus in orthodontic patients referred to Mashhad Dental School.

Methods: In this cross-sectional study, one thousand cephalograms were selected from the patients referred to the orthodontics
department of Mashhad Dental School between 2017 and 2021. In lateral cephalogram images with appropriate quality, the type of
malocclusion was determined using the AudaxCeph software (Audax d.o.o0., Ljubljana, Slovenia). Then, the images were evaluated for
the presence or absence of PP. For the statistical analysis, chi-square and t-test were used.

Results: In this study, 861 lateral digital cephalograms were analyzed. The overall prevalence of PP in the studied population was
17.5%. The prevalence of PP was higher in males than in females (P < 0.001). The variables “presence of PP” (P = 0.056) and “type of
PP” (P = 0.522) were found to be independent of age groups. Although class II subjects showed a higher prevalence of PP, skeletal
malocclusion classes were not found to be correlated with the presence of PP (P = 0.104) nor with its types (P = 0.958).

Conclusion: The current study is considered the primary study that provides data concerning the prevalence of PP in the East of Iran.
Our study showed that PP was not rare in this region. More studies with 3D radiological examination are needed to increase the accuracy
of diagnosing PP and its prevalence in Iran.
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Introduction

Ponticulus Posticus (PP) is a bony anomaly situated be-
tween the posterior part of the superior articular process and
the posterolateral part of the superior posterior arch of the
first cervical vertebra (Atlas) (1). This anomalous ossifica-
tion could completely or partially cover the groove of the
vertebral artery and the sub-occipital nerve passage (2).
Therefore, other terms, such as arcuate foramen, retroartic-
ular canal of the atlas, and canalis arteriae vertebralis, are
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sometimes used interchangeably with PP (1). Although this
condition is considered a simple anatomical variant, its
clinical significance has been highlighted in several studies
(3, 4). It has been suggested that vertebral artery compres-
sion due to the anatomical position of PP could result in
ischemia, leading to severe unexplained head and neck
pain. Moreover, the possible association of PP existence

1t What is “already known” in this topic:

The anatomical anomaly known as Ponticulus Posticus (PP), which
is a bony projection located in the first cervical vertebra (Atlas), can
potentially impact structures like the vertebral artery and the sub-
occipital nerve passage. It seems that there is a gap in research
regarding the prevalence and morphologic characteristics of
Ponticulus Posticus in the Iranian population.

— What this article adds:

In the study group, 17.5% of individuals displayed PP. The ratio of
males to females with PP was roughly 2:1. No significant variations
in the frequency of PP were found when the different kinds of
malocclusion or age groups were compared.
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with the development of cervical pain syndrome and Mi-
graine without aura has been reported in some patients (5).
On the other hand, these related symptoms are not univer-
sally present. In this context, the primary diagnosis of PP
could be more challenging (6). Furthermore, recognition
of PP’s presence is essential for spine surgical intervention,
especially in treating atlantoaxial instability (4, 7). There-
fore, before this intervention, it is necessary to prescribe ra-
diography to investigate the presence of PP (4).

This risk and other mentioned complications highlight
the importance of evaluating PP’s prevalence in different
geographical population contexts. Its frequencies in the
general population have been estimated to be approxi-
mately between 1.3% and 45.9% (8, 9). Moreover, the oc-
currence of PP has been reported to be 5 to 37% in Western
countries, with a majority in women (10, 11). The results of
a study on the Iranian population showed that PP was de-
tected in 38.3% of patients with a predominance in males
(12). In addition, it has been suggested that PP formation
could be influenced by age (13). However, there is a large
discrepancy concerning the results of current studies re-
garding the prevalence of PP and its association with gen-
der and age. Some previous studies have investigated the
presence of PP and its association with skeletal malocclu-
sion, styloid process, and cleft palate and lip (14, 15). How-
ever, some studies have generally questioned this relation-
ship (1, 12).

Various radiographic techniques like computed tomogra-
phy (CT), cone-beam computed tomography (CBCT), and
lateral cephalometry have been used in different studies to
investigate this anomaly. Among these techniques, lateral
cephalometry has less radiation exposure and is also more
common in orthodontics for assessing dentofacial skeletal
patterns. Moreover, this method is suitable for the primary
detection of anomalies in the cervical vertebrae area (16).
However, during routine orthodontic examination, less at-
tention is paid in this regard. Therefore, increasing dentists’
awareness about specific clinical symptoms of PP and di-
recting their attention toward the patient’s lateral cephalo-
gram can help recognize PP more accurately. While many
studies have been conducted on the prevalence of this ap-
pendage in different populations, reports concerning the

prevalence or morphologic characteristics of this anomaly
in the Iranian population are still insufficient.

To the best of our knowledge, limited studies have inves-
tigated the distribution of such variants and their relation to
other anomalies and occlusion patterns in this geographical
context. Therefore, the aim of the present study was to eval-
uate the prevalence of complete and partial PP in a sample
of Iranian orthodontic patients; this will provide additional
population data concerning this specific anomaly.

Methods

In this cross-sectional study, lateral digital cephalogram
radiographs of 1000 patients were retrieved from the Or-
thodontic Department of Mashhad Dental School between
2017 and 2021. Ethical approval was obtained from Mash-
had  University of Medical Science [number
IR.MUMS.DENTISTRY.REC.1400.122], and all the pa-
tients’ personal information will be kept confidential. First,
the documents of all patients were reviewed by the second
author (BM). To eliminate any error, 86 randomly selected
lateral cephalograms (=<10%) were re-examined separately
by the same author 2 weeks after the initial examination.
There was complete agreement between the two examina-
tions. Individuals with sufficient personal information, a
minimum age of ten (17), and no history of systemic dis-
eases affecting bone density, genetic, syndromic, cleft lip,
and palate diseases were selected. Then all lateral cephalo-
grams that were taken by Vatech Pax-i PCH-2500 (Korea)
machine were evaluated using AudaxCeph software
(Audax d.o.o., Ljubljana, Slovenia) with sufficient screen
light. Radiographs with low diagnostic quality, superimpo-
sition of mastoid, interference in the true vertical chain, the
presence of pathological or traumatic lesions, and the pres-
ence of developmental skeletal abnormalities were ex-
cluded. Finally, 861 cases were included in the study.

Patient demographic information, presence/absence of
PP, PP type (complete or partial), and dentofacial skeletal
pattern were recorded according to lateral cephalometry.
Figure 1 a-c shows different types of PP on lateral cephalo-
grams. The subjects were categorized according to gender
(male and female) and also according to two age groups: 10
to 24 years and 25 to 39 years. Then, through tracing with

Figure I a-c. Different types of Ponticulus Posticus (PP) seen on lateral cephalograms. a, Without PP. b, Partial PP (black arrow). ¢, Complete PP

(white arrow)
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AudaxCeph software (ver 6.1.4) and McNamara analysis,
the dentofacial skeletal pattern of the patient was deter-
mined. SNA, SNB, ANB, and SN-FH angles were deter-
mined in the software. In cases where the landmarks were
not clear or the SN-FH angle was abnormal (more or less
than 6 degrees), we consulted with an orthodontist, and then
abnormal cases were modified or excluded from the study.
The skeletal pattern was categorized as Class I, Class II,
and Class III. Then, all cephalograms were investigated for
the presence or absence of PP and the type of PP (partial,
complete). Any ambiguity was resolved by discussion with
an oral and maxillofacial radiologist and an orthodontist.

Finally, IBM SPSS 18 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. The chi-square test
was used to compare the relationship between gender and
the presence of PP and the type of skeletal class and the
presence of PP. Independent t-test was used to compare the
mean age of two groups (with PP and without PP). If the P-
value was less than 0.05, the results were considered statis-
tically significant.

Results

Out of 861 patients, 561 (65.2%) were females and 300
(34.8%) were males. The age range of samples was 10-39
years, with a mean age of 17.54+ 6.5. The mean age of fe-
males was higher than that of males (17.894+6.52 and

16.84+6.37, respectively). Most of the patients were classi-
fied as having Class II malocclusion (54.9%). The preva-
lence of PP (both complete and partial) was 17.5%
(151/861) in the study population. The complete types of
PP were observed in 22.5% of cases (34/151) and the partial
variant was found in 77.5% (117/151) of cases.

As shown in Table 1, the relationship between the pres-
ence of PP in patients with different characteristics and var-
iables was investigated. The prevalence of PP was higher
in males and in patients aged 10-24 years with Class II
malocclusion. However, only gender showed a significant
relationship with the presence of PP (P < 0.001). Further-
more, none of the cases’ characteristics were significantly
associated with PP types. The partial variant was generally
more prevalent than the complete type. Among those with
PP, 80.0% of females, 86.7% of individuals aged 25-39,
and 78.6% of those with Class III malocclusion presented
with the partial type of PP. The prevalence of these two
types relative to patient characteristics is compared in Fig-
ure 2. Moreover, an independent t-test was used to compare
the mean age of the two groups (with PP and without PP).
Results showed no significant difference between the mean
age of participants without (17.68 = 6.51) and with PP
(16.82 £ 6.35) (P =0.141).

Discussion

Table 1. Pearson's Chi-square test to assess the association between PP and demographic characteristics

Patient characteristics N (%) Pp* pP* PP types P
Yes (%) No (%) Partial (%) Complete (%)
Gender Male 300 (34.8) 76 (25.3) 224 (74.7) <0.001 57 (75.0) 19 (25.0) 0.462
Female 561 (65.2) 75 (13.4) 486 (86.6) 60 (80.0) 15 (20.0)
Age group 10-24 732 (85.0) 136 (18.6) 596 (81.4) 0.056 104 (76.5) 32 (23.5) 0.522
25-39 129 (15.0) 15 (11.6) 114 (88.4) 13 (86.7) 2(13.3)
Malocclusion Class I 204 (23.7) 33(21.9) 171 (78.1) 0.104 25(75.8) 8(24.2) 0.958
classes Class 1T 473 (54.9) 76 (50.3) 397 (49.7) 59 (77.6) 17 (22.4)
Class 111 184 (21.4) 42 (27.8) 142 (72.2) 33 (78.6) 9(21.4)
*: Ponticulus Posticus, #: P-value
Types of Ponticulus Posticus
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Figure 2. Comparison of PP types according to participants’ demographic characteristics
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This cross-sectional study aimed to evaluate the preva-
lence of PP and to assess its relationship with gender, age,
and skeletal malocclusion in a group of orthodontic patients
by using lateral cephalograms in Eastern Iran. The results
of the current study showed that this anomaly is relatively
common, having been found in 17.5% of the study popula-
tion. In two similar studies conducted in the west and center
of Iran, the prevalence of PP was reported to be 38.3% and
21.3%, respectively (12, 18). Overall, the prevalence of PP
in different populations has been reported to range between
1.3% and 45.9% (19). This variation across different popu-
lations could highlight the effects of ethnic and geograph-
ical contexts on the prevalence of this anomaly. Among
Asian populations, several studies have been conducted in
different geographic regions. The lowest presence of PP
was reported in India (4.3%- 11.1%) and South Korea
(14.0%- 15.5%) (7, 20-22). On the other hand, studies in
Nepal (35.7%) and Turkey (36.8%- 43.04%) showed a
higher frequency of PP in comparison to our study (2, 19,
23). It is important to note that the prevalence rate of PP in
Western countries has been estimated to be between 5%
and 37% (10).

In addition to ethnic diversity, another factor that could
explain the discrepancy in prevalence values is the different
methodologies used in studies. To date, various methods,
such as the examination of cadavers, lateral cephalograms,
CT scans, and CBCT images, have been employed to in-
vestigate the presence of PP in different studies (24). Lat-
eral cephalometry is the most commonly used type of radi-
ography for orthodontic evaluations and treatments (21). In
the studies by Gibelli et al. (25), Mudit et al. (21), and
Sharma et al. (20), lateral cephalogram imaging was used,
similar to the present study. Conversely, Kim et al.(7), and
Serkeci et al. (19) utilized CT scans. The prevalence of this
anomaly was reported to be slightly higher in studies using
CT and CBCT. A meta-analysis that compared the frequen-
cies of ponticulus posticus using lateral cephalometry and
3D imaging found no significant difference between the re-
ports from CT and lateral cephalograms (24).

In the present study, the prevalence of PP was higher in
males than in females, which is consistent with the findings
of Adisen et al. (1), Sekerci et al. (19), Sharma et al. (20),
Giri et al. (23) and Hong et al. (26). Moreover, this associ-
ation was statistically significant, similar to another study
conducted in Iran (12). However, some studies found no
significant relationship in this regard (7, 21, 25). Con-
versely, a female predilection for this anatomical variation
has been reported in some research (4, 18).

Some previous studies have suggested that the formation
of PP could increase with chronological age, especially af-
ter puberty, within the first two decades. Furthermore, due
to progressive mineralization and calcification over time,
the partial type of PP has the potential to develop into the
complete type (5, 13, 27). Hence, some studies have sug-
gested that the partial type of PP is more prevalent at
younger ages (13, 25). In the current study, the age group
of 10 to 39 years was investigated. Additionally, the com-
plete type of PP was present in 22.5% of our study popula-
tion. Some studies have also investigated lower age groups
due to the possible effect of age on the prevalence of PP
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(13, 18). However, the results of our study did not show any
clear relationship between the incidence of PP and increas-
ing age, which is consistent with several other studies (1,
19). Therefore, it seems that further studies with larger sam-
ple sizes and a wider age group are needed to clarify this
relationship.

Since the embryonic stage, the base of the cranium and
its related structures, such as the jaws and the cervical ver-
tebrae, share a common origin (the notochord) (28). Several
studies have investigated the possibility of a link between
the presence of cervical vertebral anomalies and skeletal
malocclusion traits (1, 28, 29). In this respect, we found no
significant relationship between PP and different classes of
occlusion. Our results are consistent with the previous stud-
ies by Adisen and Misirlioglu et al. (1), Kamak and Yildrim
et al. (29) and Falah-Kooshki et al. (12). Although in the
present study, PP was most frequently reported in subjects
with Angle’s Class II occlusion, followed by Class III and
Class I. Some studies have shown a higher frequency of PP
in Class III malocclusion (30). In the study of Adisen et al.
(1) and Bayrakdar et al. the highest prevalence was found
in Class III patients. On the other hand, in line with our
findings, Antonino Lo Giudice et al. (28) reported a higher
prevalence of this anomaly in Class II patients, but no sig-
nificant difference was observed between the different
types of malocclusion. Therefore, the association between
such vertebral anomalies, jaw position, and craniofacial
profile is still unclear, and more research is needed to shed
light on the controversy surrounding the association of cra-
niofacial morphologies and deviations with vertebral
anomalies.

In this study, a large sample size was examined. The sub-
ject of the study, which investigated the relationship be-
tween PP and jaw malocclusions, is new and has seldom
been the subject of similar Iranian studies (12). This study
had some limitations related to lateral cephalometric anal-
ysis. Although this technique is a suitable tool for the pri-
mary diagnosis and detection of PP, previous studies have
shown that one-dimensional radiography, in comparison to
3D CT scans, may underestimate the accurate prevalence
and has more limitations in detecting a partial bridge (1, 9).
Furthermore, with this method, it is not possible to recon-
struct morphologies and determine the unilateral or bilat-
eral presence and size of PP (1). On the other hand, a lateral
cephalogram, as a routine radiograph in orthodontic exam-
inations, could easily be considered for screening this
anomaly and documenting the presence of PP in a patient’s
health record for future reference. Future studies are rec-
ommended to use three-dimensional radiography to inves-
tigate the morphological types and dimensions of this
anomaly. In addition, further studies are needed to investi-
gate the relationship between PP and temporomandibular
disorders (TMD).

Conclusion

This study provides insights into the prevalence and char-
acteristics of PP in lateral cephalogram images of the Ira-
nian population. Results showed that PP should not be con-
sidered a rare anatomical feature in this region, based on
the 17.5% prevalence observed. The presence of PP was not
influenced by the patient’s type of skeletal malocclusion or
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their age group. However, there was a significant relation-
ship between the prevalence of PP and gender. Further re-
search is needed to better understand the factors associated
with the presence of PP.
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