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INTRODUCTION

One of the anatomical variations of the atlas is
ponticulus posticus (PP), which is a bony bridge in the
posterior arch that creates a channel for the passage of
the vertebral artery and the root of the C1 nerve. This
anomaly can be complete or incomplete, unilateral, or
bilateral. PP means a small bony bridge in Latin. PP
could also result in migraine without aura, cervical pain
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syndrome, chronic tension headache, and symptoms
of vertebrobasilar insufficiency syndrome, which
includes dizziness, impaired vision, impaired speech,
dysphagia, diplopia, hearing impairment, balance
disorder, tinnitus, and shoulder pain.!** The relationship
between these effects and PP plays a more important
role when the patient’s symptoms are relieved through
corrective PP surgery.! Some studies are focused on
the effect of PP on screw implantation techniques in the
atlas vertebrae because unawareness of this anomaly
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can lead to a misunderstanding of the large size of the
posterior arch, which causes unwanted damage to the
vertebral arteries during the surgical procedure. Therefore,
accurate determination of the screw entry point based
on three-dimensional computerized tomography (CT)
before surgery is the most crucial factor to avoid this
complication.”®! Besides, the associations between arcuate
foramen and other anomalies such as sagittal skeletal
malocclusions, dental malocclusion, impacted canine, sella
turcica bridge, and elongated styloid have been recently
noted.>”!*! PP can be detected in lateral cephalometric
radiographs which are more suitable for screening than
cone-beam computed tomography (CBCT) due to less
radiation and more common use by orthodontists.!!
Orthodontists who may be the first people to diagnose
PP are not responsible for treating and correcting this
anomaly. Instead, when the anomaly is observed, that
should be recorded, and the patient should be referred
to a physician, if necessary.!"”! Therefore, increasing
dentist’s knowledge about specific symptoms of headaches
associated with this anomaly helps diagnose PP with more
accuracy. Furthermore, there are not enough research about
prevalence and morphologic characteristics of PP and its
association with other anomalies in Iran to the best of our
knowledge. This study aimed to determine the frequency
and dimensions of arcuate foramen on lateral cephalometric
radiographs and related cervicogenic headache and
migraine in all of the sample size.

MATERIALS AND METHODS

This cross-sectional study was performed at the Department of
Oral and Maxillofacial Radiology, Faculty of Dentistry, Isfahan
Azad University, from November 2019 to September 2020.

Ethical approval for this study was obtained from Islamic
Azad University (Isfahan branch) Ethics Committee
(Ethical Number: IR.JAU.KHUISF.REC.1398.282/Project
Number: 17521239533195139874019).

Using the below formula, 5% confident level (o = 0.05), 8%
power of the study, and the fact that precision was at least
one-fourth of standard deviation (SD) (¢ = 0.25 ©),['"! the
minimum sample size was achieved 126. Considering an
extra 10% to compensate for persons that the researchers
were unable to contact, the final sample size was obtained
to be 150.

2 2
n_{(zl_a/2+zl_ﬁ) XO ]

82

A total of 160 patients were selected among those who
needed lateral cephalometry through a convenience,
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nonprobability sampling technique. Moreover, 10 subjects
were excluded from the study based on the exclusion
criteria that includes occipital bone or mastoid process
superimposition, history of cervical vertebrae trauma and
surgery, craniofacial syndromes, patients with orofacial
clefts, and low-quality lateral cephalometric radiographs.

Radiographs were taken by Vatech (PCH2500-Korea) and
were evaluated under the supervision of a maxillofacial
radiologist, and the obtained information was classified
into three categories: complete PP [Figure 1a], incomplete
PP [Figure 1b], and lack of anomaly [Figure 1c].

In the presence of the arcuate foramen, first, the magnification
factor was calculated in EasyDent 4 software by selecting
the calibration option. The dimensions of the foramen on
the lateral cephalometric images were then measured by
determining the height and width of the foramen in the
case of complete PP and the height of the foramen in the
case of incomplete PP.

Similar to a previously published article,”®! we used the
guidelines of the International Classification of Headache
Disorders-3, which provides criteria for classifying
cervicogenic and migraine. The history of cervicogenic
headache and migraine of all study subjects was evaluated.
Headache diagnosis was made only by the neurologist,
and then the prevalence of cervicogenic and migraine was
assessed. Due to the importance of the exact distinguishment
between cervicogenic headache and migraine, CHISG
diagnostic criteria were used.!"” 8!

Statistics

The Chi-square test and Fisher’s exact test were used for
assessing the relationship between qualitative variables.
The Shapiro-Wilk test indicated that our samples were
from a normally distributed population. The independent
t-test and the Pearson’s correlation coefficient were used to
analyze quantitative variables. The statistical analyses were
performed using SPSS version 22.0 (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY, USA: IBM Corp). The level of significance
was set at P <0.05.

RESULTS

A total of 150 lateral cephalometric radiographs of 53 male
and 97 female patients were examined. The patients were
in the age range of 5-56 years with a mean + SD age of
17.75+£7.66 years, and the highest frequency was related to
patients in the age group of 11-20 years (57.3%) that is the
common age range for orthodontic treatment. PP anomaly
was observed in 32 patients (21.3%) (40.6% of males and
59.4% of females). There was no significant relationship
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Figure 1: Various morphologic types of Arcuate foramen seen on lateral cephalograms. Yellow arrows show complete (a), incomplete (b) and lack of Ponticulus posticus (c)

between PP anomaly and gender (P = 0.480). A total of
14 cases of anomalies (43.8%) had incomplete anomaly type,
and 18 cases (56.2%) had a complete anomaly [Table 1].
Although the prevalence of complete and incomplete
foramen was higher in women than men, this difference
was insignificant (P =0.618). The dimensions of the arcuate
foramen (PP) and its distribution according to gender are
summarized in Table 2.

We monitored patients with cervicogenic symptoms such
as unilaterality with side-locked headache, radiation to the
ipsilateral shoulder and arm, attack provocation by digital
pressure, Attack provocation by posture and movement
and these symptoms followed ICDHD-3 diagnostic criteria:

A. Any headache fulfilling criterion C

B. Clinical and/or imaging evidencel of a disorder or lesion
within the cervical spine or soft tissues of the neck,
known to be able to cause headache2

C. Evidence of causation demonstrated by at least two of
the following:

1. Headache has developed in temporal relation to the
onset of the cervical disorder or appearance of the lesion

2. Headache has significantly improved or resolved in
parallel with improvement in or resolution of the
cervical disorder or lesion

3. Cervical range of motion is reduced, and headache is
made significantly worse by provocative manoeuvres

4. Headache is abolished following diagnostic blockade of
a cervical structure or its nerve supply (3) and migraine
symptoms including unilaterality headache with side
shifting, Nausea, vomiting, visual change, photophobia,
and phonophobia, Pulsating pain quality.

Table 3 demonstrates the correlation between headache
and presence of PP. Among patients with PP anomaly,
14 (43.8%) patients had cervicogenic headache and 3 (9.4%)
patients with migraine.

Migraine was observed in only 4 (3.4%) patients
among patients without PP anomaly. There was a
significant association between PP and both types of
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Table 1: Frequency distribution of ponticulus posticus
by gender and foramen type

Gender Foramen type
Foramen Incomplete, Complete,
presence, n (%) n (%) n (%)
Male 13 (40.6) 5 (35.7) 8 (44.4)
Female 19 (59.4) 9 (64.3) 10 (55.6)
Total 32 (21.3) 14 (43.8) 18 (56.2)
P 0.480 0.618

Table 2: Comparison of arcuate foramen (ponticulus
posticus) dimensions between male and female patients
PP Dimension Gender n Mean+SD Statistics P

Complete  Height Male 8 5.12+1.21 1.102 0.287
Female 10 4.38+1.54

Width Male 8 6.48+0.93  0.248 0.807
Female 10 6.34+1.43

Incomplete Height Male 5 4.73+1.58 -0.255 0.803
Female 9 4.91£1.11

PP=Ponticulus posticus; SD=Standard deviation

Table 3: Co-relation between both types of headaches
and presence of ponticulus posticus

Headache PP Total, P
Absent, n (%) Present, n(%) n(%)

Without headache 114 (96.6) 15 (46.9) 129 (86.0)

Migraine 4 (3.4) 3 (9.4) 7 (47) 0.048

Cervicogenic 0 14 (43.8) 14 (9.3) 0.000

headache

Total 118 (100) 32 (100) 150 (100)

PP=Ponticulus posticus

headaches (P < 0.05). About 42.9% of patients with
incomplete arcuate foramen and 44.4% of patients with
complete arcuate foramen had cervicogenic headache.
Furthermore, the percentage of migraine in patients with
complete and incomplete foramen was 11.1% and 7.1%,
respectively. The results of the Chi-square test did not show
a significant relationship between PP anomaly type and
headache in the subjects (P = 1.00).

The mean +SD age of the patients with arcuate foramen was
20.7 £97.17 years and 16.7 + 87.58 years in patients without
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PP anomaly. Furthermore, the mean age of the patients
with arcuate foramen was significantly higher than those
patients with no arcuate foramen (P =0.007). The mean + SD
age of the patients with incomplete arcuate foramen was
21.07 + 8.57 years and 20.89 + 6.13 years for patients with
complete arcuate foramen. The result of the independent
t-test did not show a significant difference in the mean age
of the two groups (P = 0.944).

DISCUSSION

The prevalence of PP was found to be 21.3% in the present
study. In the study by Hasani et al. on CBCT, the PP
prevalence was reported as 20.6%, which is consistent with
the results of the current study on lateral cephalometry.["!
In the studies by Hoenig and Schoener, the prevalence rates
of PP were found to be 21.67% and 22.09%, respectively.’2!l
However, Ziabari et al. with different sample sizes and
inclusion criteria reported a low prevalence of arcuate
foramen, i.e., 9.6%.1° Elliott and Tanweer found an average
prevalence of PP on radiographs as 16.6%, which could be
related to different races and sample sizes.[

According to a previous study, the prevalence of PP in different
ethnic groups was between 5% and 34% in the Western race
and between 6.57% and 15.5% in the Asian race. However,
our study reports a higher prevalence compared to previous
studies listed above that had been conducted in the Asian
region. Because of a low number of studies found in Iran,
further studies in this field are recommended to compare the
obtained results with more depth.

The authors of the present study found a prevalence of
12% for complete PP and 9.3% for incomplete PP, but
no significant difference was found between the two
rates (P > 0.05). The prevalence of complete foramen in
different studies is between 4.88% and 9.2%, and for the
incomplete arcuate foramen, between 2.93% and 60%. The
wide range of prevalence for incomplete foramen can be
due to the lack of a standard diagnostic criterion.! In this
study, 40.6% of men and 59.4% of women had this anomaly,
and the relationship between the anomaly and gender was
not statistically significant. This finding is similar to those
of previous studies.>*?**1 However, in other studies, the
prevalence of anomaly has been observed more in men.>%32

In our study, 63.3% of women had incomplete PP, and
55.6% of them had complete PP, and there was not any
statistically significant relationship between shape of the
anomaly and gender. These results are similar to the results
of previous studies.'>** However, in Pekala et al.’s study,
the prevalence of complete foramen was higher in men, and
they observed that the prevalence of incomplete foramen
was higher in women.*
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In the present study, the mean + SD width of arcuate
foramen was 6.40 + 1.2 mm, and the mean + SD heights
of the foramen in patients with complete and incomplete
foramen were 4.71 + 1.41 and 4.84 + 1.24 mm, respectively.
Furthermore, in the study by Hasani et al. on CBCT, the
mean width of arcuate foramen was reported to be 6.52 mm,
and the mean height of the foramen was 5.95 mm, and this
finding is in line with the results of the present study.'! In
the study by Mitchell on corpses, the height of the foramen
was between 4.9 and 5.7 mm, and the width of the foramen
was between 5.9 and 6.7 mm.*! In the study by Unur et al.,
the mean of superior—inferior dimensions of the foramen
was 5.7 mm, and the mean of anterior—posterior dimensions
of the foramen was 8.1 mm. These sizes are higher than
those in our study. Mitchell concluded that the diameter
of the anterior—posterior dimensions was significantly more
extensive than that of the upper and lower dimensions,
which is also in agreement with the results of our study.!

In the present study, cervicogenic and migraine were
observed in 9.3% and 4.7% of all patients, respectively.
Among patients with PP anomaly, 43.8% had cervicogenic
headache, and 9.4% had migraine, and among patients
without PP anomaly, 3.4% had migraine. There was
a significant correlation between the presence of
foramen and mentioned headaches, but no significant
relationship was found between shape of the anomaly
(complete or incomplete) and the presence of headaches.

Tambawala et al. in India found that the prevalence
of cervicogenic headache was 6% in all samples after
examining 500 lateral cephalometry and completing a
cervicogenic headache diagnosis questionnaire. Moreover,
similar to our study, a significant relationship was found
in their study between PP and cervicogenic headache. The
prevalence of headache in patients with complete arcuate
foramen was higher;® however, we found this insignificant.

In the Pekala et al.’s study, a significant relationship was
found between the presence of PP and headache. The
prevalence of headache was 5.84 in patients with complete
arcuate foramen, and it was 19.4 for those with incomplete
foramen.B

In Wight et al.’s study, there was a significant association
between prevalence of PP and migraine without aura, while
this relationship was insignificant for cervicogenic headache
and migraine with aura.’”! Furthermore, in the studies by
Cakmak et al. and Ratnaparkhi et al., neck pain and vertigo
were significantly more serious in patients with complete
PP.P¥1 In Sabir et al.’s study, the presence of foramen was
significantly higher in patients with migraine compared to
the control group, which is not consistent with the results
of the present study.!*
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In the present study, the mean age of subjects was
17.75 years, and the highest frequency was in the age group
of 11-24 years. The mean + SD age was 20 + 7.17 years in
patients with arcuate foramen and 16.87 + 7.58 years in
patients without the anomaly. Furthermore, the mean age
of the patients with PP was significantly higher than that
of those without PP.

Studies on the relationship between age and the highest
prevalence of PP anomaly indicate that aging causes
the atlas vertebrae ossification.***! Bayrakdar et al. have
considered the age of 49-81 years as the highest age of PP
prevalence.”¥ Geist et al. also considered the highest age of
prevalence of arcuate foramen after puberty.*?! However,
some researchers did not find a significant difference
between the prevalence of PP and age.l'>*! Joshi et al.
emphasized the effect of genetic causes on the prevalence
of this anomaly, but did not report the significance of the
prevalence of arcuate foramen anomaly in different age
groups.!

In the present study, the mean + SD age of the patients
with incomplete foramen anomaly was 21.07 + 8.57 years,
and in patients with complete foramen anomaly, it was
20.89 +6.13 years. Moreover, no significant relationship was
observed between the two age groups. Taitz and Nathan,
on the other hand, estimated the prevalence of complete
foramen anomaly to be higher in the 30-80 years’” age
range and the prevalence of incomplete foramen in the age
range of 10-30 years.*l It is worth noting that Chitroda
et al. observed both complete and incomplete anomaly in
the age range of 16—45 years."*J Paraskevas et al. found that
the prevalence of PP was age related and that progressive
mineralization of bone bridges from incomplete to complete
occurs over time."*!

Some limitations of our study should be noted. Even though
lateral cephalometry is one of the main tools for screening
PP, CT is more sensitive for assessing the characteristics
of arcuate foramen."$! Furthermore, approximately, most
of the samples belonged to orthodontic patients that are
commonly between the range of 11 and 20 years. Hence,
it is recommended that future studies have homogenous
distribution in age groups.

CONCLUSION

The results of the present study showed a relatively high
prevalence of PP in the studied population, and a significant
relationship was found between anomaly and both types of
headaches. Lateral cephalometry and its imaging findings
seem to be an excellent tool for screening arcuate foramen
because it is the most common diagnostic radiography in
orthodontics. It is suggested to research more about PP’s
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relationship with other symptoms or other craniofacial
anomalies for future studies.
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