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Relación del ponticulus posticus con patrones de maloclusión esqueletal 
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ABSTRACT
Aim: To determine whether there is any association between Ponticulus posticus and skeletal 
patterns in lateral cephalometric radiographs.
Material and Methods: 1313 lateral cephalometric radiographs of patients treated at a Dental 
Center were studied to evaluate Ponticulus posticus  presence and degree of ossification, 
as well as the skeletal malocclusion pattern through the analysis of the intermaxillary 
relationship.
Results: Ponticulus posticus was present in 20.4% and a higher number of cases with presence 
of Ponticulus posticus  was identified in Class II patients, with 53%. According to the Chi-square 
test for homogeneity, there was no statistically significant difference in presence of Ponticulus 
posticus according to skeletal pattern type (p=0.792), except when presence of Ponticulus 
posticus was classified according to skeletal patterns and according to sex, when frequency 
was higher in Class II female sex (p=0.032).
Conclusions: There is no relationship between the Ponticulus posticus  and the different skeletal 
malocclusion patterns; a statistically significant difference was only found in Class II, where a 
predominance in the female sex was e vident. No statistically significant association is evident 
between skeletal malocclusion patterns and the type of ossification.
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INTRODUCTION

Lateral cephalometric radiography  is a stan-
dardized and reproducible cranial imaging 
technique routinely used in orthodontics1,2 
to evaluate the relationships among the te-
eth, jaws, and the rest of the skull .3,4 In late-
ral cephalometric radiographs, the cervical 
spine area is omitted from cephalometric 
tracings,4 although in some cases it is used 
to evaluate skeletal maturation using the 
cervical vertebral maturation index to de-
termine growth potential in young patients.5

However, if due attention is paid and nor-
mal anatomy is well understood, certain 
pathologies and/or anatomical variants can 
be identified, which mostly constitute ra-
diographic findings.4 One such variant is the 
Ponticulus posticus (PP), also called the sa-
gittal foramen, posterior atlanto foramen,6 

arcuate foramen,7 variant of Kimmerle’s 

RESUMEN
Objetivo: Determinar si existe relación entre el Ponticulus posticus con los patrones de maloclusión 
esqueletal en teleradiografías laterales. 
Material y Métodos: Se estudiaron 1313 teleradiografías laterales de pacientes atendidos en un 
Centro Odontológico, para evaluar la presencia y grado de osificación del Ponticulus posticus; 
además, de los patrones de maloclusión esqueletal, a través del análisis de la relación intermaxilar. 
Resultados: Del total de teleradiografías laterales evaluadas, el Ponticulus posticus se presentó en 
un 20.4%, siendo en pacientes con clase II donde se identificó un mayor número de casos (53%). De 
acuerdo con la prueba de chi-cuadrado de homogeneidad, no existe diferencia estadísticamente 
significativa en la presencia del Ponticulus posticus de acuerdo con los patrones de maloclusión 
esqueletal (p=0.792), salvo cuando se subdivide a estos patrones de maloclusión esqueletal según 
sexo, donde se evidencia una mayor frecuencia en la clase II sexo femenino (p=0.032). 
Conclusiones: No existe relación entre el Ponticulus posticus y los diferentes patrones de 
maloclusión esqueletal, solo se encontró diferencia estadísticamente significativa en la clase 
II, donde se evidenció predominancia en el sexo femenino. No se evidencia una asociación 
estadísticamente significativa entre los patrones de maloclusión esquelética y el tipo de osificación.
Palabras clave: Ponticulus posticus; Atlas cervical; Maloclusión; Radiografía; Cefalometría; Vértebras 
cervicales

anomaly,8 superior retroarticular foramen,9 
canalis vertebralis,10 retroarticular vertebral 
artery ring,11 or retroarticular canal.12  

The most widely accepted term is PP,13 an 
anatomical variation in the area of the 
cervical vertebrae,14 whose Latin meaning 
is “small posterior bridge.” It is defined as 
the ossification and/or calcification of the 
posterior atlanto-occipital ligament15 and is 
radiographically classified as either complete 
(formation of a complete bony ring) or partial 
(formation of portions of the otherwise 
incomplete bony ring).5

Although cadaver studies are considered the 
reference method for evaluating the presence 
of PP,16 there are case series of clinical 
studies assessing its prevalence, which varies 
according to population size, geographical 
origin, and the influence of quality, diagnostic 
power, and level of the images.5 Reported 
prevalence ranges from 12.6% to 38.3%.17-20
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This anatomical variant has been associated 
with several conditions, including diplopia, 
sensorineural hearing loss, headaches21,22 

and migraines,21,23 cochlear symptoms (tin-
nitus and hearing loss),24 shoulder pain,25 

arm and neck pain, and vertigo.26 These sym-
ptoms may be caused by compression of 
the vertebral artery as it passes from the 
transverse foramen of the cervical vertebra to 
the foramen magnum, producing ischemia of 
the posterior circulation.17,27,28 

In addition, it has been associated with 
Gorlin–Goltz syndrome,29,30 dental agenesis,5 

an elongated stylohyoid process,31 and es-
pecially with malocclusions.29,32,33

Research has sought to determine the rela-
tionship between the presence of PP and 
skeletal malocclusion patterns.32,34 Some stu-
dies35 suggest that no such relationship exists, 
whereas others32 report a positive associa-
tion. Because of this discrepancy, the objec-
tive of the present study was to determine 
whether there is a relationship between PP 
and different skeletal malocclusion patterns.

MATERIALS AND METHODS
The study design was observational, analy-
tical, retrospective, and cross-sectional. It 
was approved by the Research Project Review 
Committee (Approval No. 012-2019-CRPI/INVE-
FO-USMP) and the Research Ethics Committee 
(Approval No. 002-2019-CEI/INVE-FO-USMP) of 
the Faculty of Dentistry at Universidad San 
Martín de Porres, Lima, Peru. All cases were 
verified to have prior informed consent for ra-
diographic acquisition and for the use of data 
for academic and research purposes.

Initially, inter-examiner calibration was per-
formed between the lead researcher and a 
specialist in oral and maxillofacial radiology 
with more than five years of ex-perience to 

collect data on the presence and degree of 
ossification of PP. In addition, measurements 
of skeletal malocclusion patterns were ca-
librated using 16 lateral cephalometric ra-
diographs. Agreement was evaluated using 
the Kappa statistic and the interclass co-
rrelation coefficient; a value of 0.700 was 
obtained (95% confidence interval: 0.398–
1.000), which was considered indicative of 
good agreement.36 

The study population consisted of 1980 
lateral cephalometric radiographs obtained 
from the Radiology Department of patients 
treated at the Dental Clinic of Universidad 
de San Martín de Porres between 2017 and 
2018. These radiographs were evaluated 
according to the selection criteria. Inclusion 
criteria comprised patients aged 7 years 
and older. Exclusion criteria included la-
teral cephalometric radiographs in which 
the craniofacial complex fell outside the 
established parameters at the time of the 
imaging; lateral cephalometric radiographs 
of patients who had undergone ortho-
dontic treatment, dental extraction and/
or orthognathic surgery; and patients with 
jaw pathologies such as tumors or cysts. 
Consequently, a final sample of 1313 lateral 
cephalometric radiographs that met the 
selection criteria was obtained.
Lateral cephalometric radiographs were ob-
tained using a digital Planmeca Pro-Max 
Dimax 4 Ceph unit (Helsinki, Finland), with a 
kilovoltage of 80 kV in adults and 70 kV in 
children, and a milliamperage of 16 mA in 
adults and 14 mA in children.

The selected lateral cephalometric radio-
graphs underwent two evaluations:
1. To determine the presence or absence 
of PP through digital identification of this 
anatomical variant, as well as the type of 
ossification.
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Figure 1
Presence and absence of Ponticulus posticus in lateral teleradiographs

A: Presence of Ponticulus posticus. B: Absence of Ponticulus posticus.

BA

2. In lateral cephalometric radiographs in 
which the presence of PP was identified, 
Steiner’s ANB angle measurement37 was 
performed to determine the skeletal maloc-
clusion pattern (from point A to point N, and 
finally to point B). The tracing was carried 
out using Romexis 3.0 software (Planmeca), 
which automatically generated the angu-
lar measurement. Angles between 0° and 
4° were classified as Class I, values greater 
than 4° as Class II, and values less than 0° 
as Class III.

All values obtained from the different sta-
tistical tests were considered statistically 
significant at p<0.05. Statistical analyses 
were performed using the Statistical Package 
for the Social Sciences (SPSS) (version 22.0) 
for Windows (Windows, SPSS Inc., Chicago, 
Illinois, USA). The non-parametric Pearson 
chisquare test was applied in this study.

RESULTS

Of the total 1,980 lateral cephalometric 
radiographs obtained, 1,313 were evaluat-
ed, corresponding to the same number of 
patients who met the selection criteria. The 
presence of PP was identified in 268 cases 
(20.4%) (Figure 1).
According to the type of ossification, partial 
ossification was observed in 117 caSes 
(43.7%) and complete ossification in 151 
cases (56.3%). By sex, 119 cases occurred 
in male patients (44.4%) and 149 in female 
patients (55.6%). With respect to age, 232 
patients were up to 30 years old (86.6%), 
while 36 were older than 30 years (13.4%) 
(Table 1). The relationship between PP and 
skeletal malocclusion patterns was obser-
ved in Class I in 110 cases (41%); Class II in 
142 cases (53%); and Class III in 16 cases (6%) 
(Table 1).
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Table 2
Analysis of the skeletal malocclusion patterns according to the variables studied

		  Skeletal malocclusion pattern
Variables		  Class I	 Class II	 Class III
		  n	 %	 n	 %	 n	 %	 p-value

Ponticulus posticus	 Present Ponticulus posticus	 110	 19.5	 142	 21.1	 16	 20.8	 0.792

	 Absent Ponticulus posticus	 453	 80.5	 531	 78.9	 61	 79.2

Type of ossification	 Ponticulus posticus Partial	 46	 41.8	 65	 45.8	 6	 37.5	 0.720

	 Ponticulus posticus Complete	 64	 58.2	 77	 54.2	 10	 62.5
Sex	 Male	 56	 50.9	 53	 37.3	 10	 62.5	 0.032
	 Female	 54	 49.1	 89	 62.7	 6	 37.5
Age	 Up to 30 years	 100	 90.9	 118	 83.1	 14	 87.5	 0.195
	 Over 30 years	 10	 9.1	 24	 16.9	 2	 12.5

Statistical significance using the Pearson chi-square test (α = 0.05)

Table 1
 Distribution of Ponticulus posticus according to the variables studied

	 Ponticulus posticus 
	 Variables	 Present	 Absent
		  n=268	 %	 n=1045	 %	 p-value

Type of ossification	 Ponticulus posticus Partial	 117	 43.7	 --	 --	

	 Ponticulus posticus Complete	 151	 56.3	  --	 --	  

Sex	 Male	 119	 44.4	 443	 42.4	 0.553

	 Female	 149	 55.6	 602	 57.6

Age 	 Up to 30 years	 232	 86.6	 925	 88.5	 0.379

	 Over 30 years	 36	 13.4	 120	 11.5

Skeletal malocclusion pattern	 Class I	 110	 41	 453	 43.3	 0.792

	 Class II	 142	 53	 531	 50.8

	 Class III	 16	 6	 61	 5.8

 Statistical significance using the Pearson chi-square test (α = 0.05)

Skeletal malocclusion patterns according 
to the presence of PP, type of ossification, 
and age did not show statistically significant 
differences (p=0.792, p=0.720, and p=0.195, 
respectively). However, a statistically signi-
ficant difference was observed accor-ding to 
sex (p=0.032), (Table 2).

DISCUSSION

Regarding the presence of PP, an anatomical 
variant has been associated with several 
conditions, including dental alterations5 and 
malocclusions.31 Some studies, such as those 
by Falah-Kooshki et al.,20 Nedelcu et al.,18 Giri 
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et al.,19 and Bayrakdar et al.,37 reported high 
prevalences of PP (38.3%, 36.5%, 35.7%, and 
34.9%, respectively), which differs from the 
findings of the present study, where a lower 
prevalence was observed (20.4%). 
This discrepancy may be explained by the 
imaging modality used: Cone Beam Compu-
ted Tomography, employed in those stu-
dies, differs from the lateral cephalome-
tric radiographs used in the present study, 
which are considered the gold standard 
for determining the presence of PP. Other 
studies have reported lower prevalences of 
PP than those observed in the present study, 
including Adisen et al.,31 (18.8%), Tambawala 
et al.,17 who reported a prevalence of 15.8% 
in a sample of 500 patients from India, and 
Lo Giudice et al.,34 who identified PP in 93 out 
of 734 cases (12.6%). When compared with 
cadaveric studies, such as that of Elliott et 
al.,38 the prevalence of PP was similar to that 
reported by Adisen et al.,31

In the present study, the complete form of PP 
was the most frequent, accounting for 56.3% 
of cases. This finding contrasts with those 
reported by Falah-Kooshki et al.,20 who found 
partial PP to be the most prevalent form 
(59.8%); by Giri et al.,19 who reported partial 
ossification in 30.9% of cases and complete 
ossification in only 4.8%; and by the meta-
analysis conducted by Pękala et al.,16 which 
showed a higher frequency of partial PP 
(13.6%) compared with complete PP (9.1%). 
It is noteworthy that this meta-analysis 
predominantly included studies conducted 
on cadaveric specimens.

Adisen et al.,31 reported a statistically signi-
ficant association between the presence 
of PP and sex (p=0.002), in contrast to the 
findings of the present study and those of 
Lo Giudice et al.,34 in which no significant 
differences in PP prevalence according to 

sex were observed (p=0.553 and p=0.362, 
respectively). Conversely, Bayrakdar et al.,37 

reported a lower prevalence of PP in fe-
males (42.5%), which contrasts with the 
present study and that of Lombardo et al.,39 
where a higher proportion of PP cases was 
observed among females (55.6% and 63.39%, 
respectively).

Adisen et al.,31 reported a higher prevalence 
of PP at a mean age of 20.98±6.95 years 
(range: 10–39 years), without a statistically 
significant difference. Similar findings were 
reported by Falah-Kooshki et al.,20 who 
observed a mean age of 19.47± 8.37 years 
(range: 7–64 years). These results are com-
parable to those of the present study, which 
found a mean age of 20.01±9.62 years (range: 
7–62 years), with no statistically significant 
difference between individuals younger and 
older than 30 years (p=0.379). In contrast, 
Lo Giudice et al.,34 reported a statistically 
significant difference between age groups, 
particularly in patients aged 7 to 13 years 
(p=0.04), within a study population ranging 
from 1 to 60 years.

The relationship between PP and skeletal 
malocclusion patterns remains unclear. 
However, some authors support the hypo-
thesis that, because the cervical vertebrae 
and the cranial base share a common 
embryological origin —and because both 
jaws are related to the cranial base— this 
may explain the association between 
cervical vertebral anomalies and skeletal 
malocclusions. In this context, several stu- 
dies have reported a higher prevalence 
of PP in patients with Class II skeletal 
malocclusion: Lo Giudice et al.,34 reported a 
prevalence of 14.4%; Falah-Kooshki et al.,20 
reported a prevalence of 58.2%, although 
without statistically significant differences; 
and Lekavičiūtė et al.,41 found a statistically 
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significant association between PP and 
Class II malocclusion (p=0.042). These 
findings are consistent with the results 
of the present study, in which Class II 
malocclusion was the most prevalent 
pattern (53%). In contrast, Adisen et al.,31 
reported a higher frequency of PP in 
patients with Angle Class III malocclusion 
(22.2%), although no statistically significant 
differences were found among malocclusion 
types (p=0.940). Similarly, Bayrakdar et 
al.,3 observed a higher prevalence of PP in 
Class III patients (13.8%), followed by Class 
II (12.2%) and Class I (10.5%), and reported 
statistically significant differences among 
groups with sagittal skeletal anomalies 
(p=0.019). 
In the present study, no statistically sig-
nificant differences were observed in PP 
prevalence according to skeletal malo-
cclusion pattern (p=0.792). The discrepan-
cies between these findings and those of 
the present study may be attributed to 
ethnic and geographic differences, as the 
contrasting results largely derive from stu-
dies conducted in Turkish populations.

Oh et al.,42 reported that both the upper 
cervical spine and the maxillae derive from 
the notochord and that any alteration in the 
ossification of the atlas may also be reflected 
in maxillary morphology. They concluded that 
the morphology of the upper cervical spine 
is associated with that of the maxillae, with 
a stronger relationship observed in skeletal 
Classes II and III. Putrino et al.,5 further 
elucidated this possible association by pro-
posing a theory in which the neural crest is 
described as a pluripotent mesenchyme that 
serves as the source of various tissue types, 
including neural, glial, skeletal, connective, 
pigmentary, and secretory tissues.

Finally, the embryological origin of PP has 

not yet been fully established. However, 
Wan et al.,43 suggested that the presence 
of lamellar patterns within the bone matrix 
and a cortical structure indicative of endo-
chondral ossification may originate in the 
dorsal arch. They also proposed that the bony 
arch may develop as a protective structure 
for the vertebral artery during head and 
neck movements.32 Class III malocclusion has 
a strong genetic component, as it is largely 
hereditary. 
Most studies involving Class III patients re-
port a higher prevalence of cervical verte-
bral anomalies, with statistically significant 
differences when compared with Class II 
and Class I malocclusions. The findings of 
the present study should be considered in 
future research examining the relationship 
between PP, malocclusions, and the presence 
of clinical symptoms.

CONCLUSIONS

PP is more prevalent in patients with a Class 
II skeletal malocclusion pattern; however, 
no statistically significant association was 
found, except when the data were classified 
by sex, in which case a statistically significant 
higher prevalence was found in female Class 
II patients. When skeletal malocclusion 
patterns were compared according to the 
type of ossification (partial or complete), 
no statistically significant association was 
identified. Nevertheless, the identification 
of PP remains essential due to its potential 
clinical implications.
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