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Background: Ponticulus posticus (PP) is an abnormal bony bridge on the atlas. It
plays a significant role in patients undergoing C1 lateral mass screw procedure.
Patients with cleft lip and palate (CLP) have higher risk than patients in general
population for the appearance of cervical vertebral anomalies. The purpose of the
this study was twofold: to determine the prevalence and characteristics of PP in
patients with CLP and to compare the findings with patients in general population
using cone beam computed tomography.

Materials and methods: Cone beam computed tomography images from
54 individuals who had undergone surgical repair of cleft lip and/or palate were ana-
lysed as the study group. For comparison purposes a control group was randomly
selected from 108 patients and matched with the CLP subjects.

Results: Although 12 of the 54 (22.3%) patients with surgically repaired cleft lip
and/or palate in the study group were identified to have PP only 10 of the 108
(9.2%) patients in the control group had PP The distribution of the presence of
PP between the groups was statistically significant.

Conclusions: Ponticulus posticus is an important anomaly and the presence of
PP is important for patients. PP can have clinical significance in cervical spine sur-
gery as this study has indicated that the likelihood of encountering PP is higher
in patients with CLR We suggest that PP should be taken into account prior to
cervical vertebral surgery in patients with CLP (Folia Morphol 2018; 77, 1: 72-78)

Key words: cleft lip and palate, ponticulus posticus, foramen arcuale,
cone beam computed tomography

INTRODUCTION atlas [3, 6, 12]. It surrounds the sulcus completely or

Ponticulus posticus (PP) is an abnormal bony partially for the passage of the vertebral artery from
bridge on the atlas. It arises from the posterior part of the transverse foramen into the foramen magnum.
the superior articular process and the postero-lateral Besides the vertebral artery, PP contains suboccipital
part of the superior margin of the posterior arch of nerve and it is related to dura by way of atlanto-
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occipital membrane. In the literature, it has been asso-
ciated with different conditions such as cervical pain,
headache, hearing loss, vertigo and vertebrobasilar
insufficiency [31]. Furthermore, PP is an important
subject for the treatment of atlantoaxial instability.
Atlantoaxial instability is characterised by excessive
movement between the atlas and the axis that can re-
sultin clinical signs such as balance problems, blurred
vision, vertigo, and headache. The popular treatment
of the atlantoaxial instability is the lateral mass screw
fixation for the stabilisation of the atlas [3, 30]. PP
plays a significant role in patients undergoing C1
lateral mass screw (C1LMS) procedure. Because this
region contains critical anatomical structures such as
the major occipital nerve and epidural venous plexus,
surgeons should be very meticulous as they apply
screws during C1LMS procedure. A broad posterior
arch of the atlas is the best condition to apply this
procedure. In patients with PP, it can be misidenti-
fied as a broad posterior arch and the screw can be
inserted into the PP. This can cause critical complica-
tions [22, 24, 40].

Cleft lip and palate (CLP) are the most common
abnormalities among all the birth defects. CLP results
in many complications including feeding, speech,
hearing and psychological development. Patients
with CLP have higher risk than patients in general
population for the appearance of cervical vertebral
anomalies [7, 9, 24, 25, 38]. The purpose of the this
study was twofold: to determine of the prevalence
and characteristics of PP in patients with CLP, and to
compare the findings with patients in general popula-
tion using cone beam computed tomography (CBCT).

MATERIALS AND METHODS

Study population

We designed a retrospective study composed of
the CBCT images that were obtained at the Dentistry
Faculty of Indni University in Malatya, Turkey. All of
the patients had been referred for the diagnosis and
treatment planning of different problems involving
the dento-maxillofacial region. CBCT images from
54 individuals (31 males and 23 females, with an age
range of 7-55 years) who had undergone surgical
repair of CLP (unilateral or bilateral) were analysed
as the study group. For comparison purposes a con-
trol group was randomly selected from 108 patients
who were admitted to the radiology department for
CBCT imaging and matched with the CLP subjects
(49 females and 59 males, with an age range of 7-56
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years). The exclusion criteria applied to both groups
were the poor image quality and the presence of
craniofacial syndromes.

The Clinical Research Ethics Committee of Siley-
man Demirel University, Medicine Faculty approved
this study with decision no: 216, dated: 21.12.2016.

Imaging procedure

The CBCT images were obtained in a standard
supine position (scanning time: 14-18 s, collimation
height: 13 cm and voxel size: 0.3 mm3) using the same
device (NewTom 5G, Quantitative Radiology [QR]
Verona, Italy). The QR-NNT version 2.21 programme
was used for evaluation.

Evaluation of the CBCT images

The CBCT images were examined for the PP. Three-
dimensional (3D) images were obtained and the direc-
tion of the PP was determined on 3D images. Subse-
quently, the direction of the PP was adjusted on the
axial images using the multiplanar rendering mode
of the QR-NNT software. Sagittal sectional images
were used to detect the PP because of the direction
of the PP on the atlas. In this study, a complete PP
was defined as one steady bridge extending from
the posterior facet of the lateral mass to the anterior
facet of the posterior tubercle. A partial PP was con-
sidered if the bridge did not extend completely from
the posterior lateral mass to the posterior tubercle.

Statistical analysis

Statistical analyses were performed using SPSS
version 20.0 for Windows (SPSS Inc., Chicago, lllinois,
USA). Kolmogorov-Smirnov statistics were used for
the normality test. The y? test was used to evaluate
differences in the presence of PP between the groups.
Mann Whitney U test was used to compare chrono-
logical ages between the groups.

RESULTS

In this research, two groups, a study and a control
group, were constituted to evaluate the PP. The study
group comprised 54 subjects with surgically repaired
CLP and the control group comprised 108 subjects
who were randomly selected. The study group com-
prised 31 males and 23 females with an average age
of 18.17 = 9.17 (range: 7-55 years) and the control
group comprised 49 females and 59 males with an
average age of 20.54 = 11.37 (range: 7-56 years).
Table 1 shows that gender distribution and chrono-
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Table 1. Frequency and distribution of ponticulus posticus (PP) (complete and partial) and demographic variables between groups

PP absent PP present Total Female/male Age, mean (SD)
Cleft group 42 (17.7%) 12 (22.3%) 54 (33.3%) 23/31 18.17(9.12)
Normal 98 (90.8%) 10(9.2%) 108 (66.7%) 44/54 20.54 (11.37)
Total 140 22 172 (100%) 67/85 19.75(10.70)
P 0.023° 0.253 0.185°

2Results of 42 test; "Results of Mann Whitney U test

Table 2. The distribution of varied appearance of ponticulus posticus in our study

Cleft-palate group Control group

Female Male Total Female Male Total
Bilateral absent 14 (60.9%) 28 (90.3%) 42 (77.8%) 44 (89.2%) 54 (91.5%) 98 (91%)
Bilateral complete 2(8.7%) 0(0%) 2(3.7%) 1(2%) 1(1.7%) 2(1.8%)
Bilateral partial 0(0%) 2 (6.5%) 2(3.7%) 1(2%) 1(1.7%) 2(1.8%)
Right absent-left complete 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Right absent-left partial 2(8.7%) 1(3.2%) 3(5.6%) 0(0%) 0(0%) 0(0%)
Right complete-left absent 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Right complete-left partial 0(0%) 01(0%) 0(0%) 1(2%) 1(1.7%) 2(1.8%)
Right partial-left absent 3(13%) 0(0%) 3(5.6%) 2(4.1%) 0(0%) 2(1.8%)
Right partial-left complete 2(8.7%) 0(0%) 2(3.7%) 0(0%) 2(3.4%) 2(1.8%)
Total 23 31 54 49 59 108

logical ages were similar between the groups (Mann
Whitney U test and %2 test, p > 0.05 for both tests).

The presence of PP between the groups is shown
in Table 1. Although 12 of the 54 (22.3%) patients
with surgically repaired CLP in the study group were
identified to have PP, only 10 of the 108 (9.2%) pa-
tients in the control group had PP. The distribution of
the presence of PP between the groups was statisti-
cally significant (p < 0.001).

The distribution of varied appearance of PP in
our study is shown in Table 2. Identified PP cases in
the study group were as follows: bilateral complete
in 2 (3.7%) patients (Fig. 1A, B), bilateral partial in
2 (3.7%) patients, right absent-left partial in 3 (5.6%)
patients (Fig. 2A, B), right partial-left absent in
3 (5.6%) patients, and right partial-left complete in
2 (3.7%) patients.

Identified PP cases in the control group were
as follows: bilateral complete in 2 (1.8%) patients,
bilateral partial in 2 (1.8%) patients, right complete-
left partial in 2 (1.8%) patients, right partial-left
absent in 2 (1.8%) patients, and right partial-left
complete in 2 (1.8%) patients. The prevalence rates

74

of PP in the study and the control group are shown
in Table 3.

DISCUSSION

Ponticulus posticus has become an important anom-
aly of the atlas vertebrae (Fig. 3). It could be considered
a simple anatomical variation but it has been studied
widely in the literature because of its important anatom-
ical location and the involvement of critical structures.
PP has been associated with different clinical situations
including headaches, migraine, shoulder or arm pain,
cervical pain syndrome, vertebrobasilar insufficiency
and acute hearing loss [1-26]. The prevalence of PP
was reported to be higher in patient with one narrow
disc space. Takaaki et al. [37] and Sekerci et al. [29] re-
ported that PP and the elongated styloid process may
be related. Besides, PP was a frequent finding in nevoid
basal cell carcinoma syndrome [10, 20].

Ponticulus posticus has become an important
anomaly of the atlas, as the use of lateral mass
screws for the fixation of the atlas has become more
common for the treatment of atlanto-axial insta-
bility. If PP can be identified correctly, important
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[A]

Figure 1. Bilateral complete ponticulus posticus on sagittal slices and three-dimensional (3D); A. Sagittal view; B. 3D image.

(4]

Figure 2. Partial ponticulus posticus on sagittal slices and three-dimensional (3D) image; A. 3D image; B. Sagittal view.

Table 3. The prevalence rates of ponticulus posticus in the cleft lip patients and the control group

Right Left
Male Female Total Male Female Total

Cleft-palate group

Absent 29 (93.5%) 16 (69.6%) 45 (83.3%) 28 (90.3%) 17(73.9%) 45 (83.3%)

Complete 0 (0%) 2(8.7%) 2(3.7%) 0 (0%) 4(17.4%) 4 (1.4%)

Partial 2 (6.5%) 5(21.7%) 7(13%) 3(9.7%) 2(8.7%) 5(9.3%)

Total 31(100%) 23 (100%) 54 (100%) 31 23 54

Normal

Absent 54 (91.5%) 44 (89.8%) 98 (90.7%) 54 (91.5%) 46 (93.9%) 100 (92.6%)

Complete 2(3.4%) 2(4.1%) 4(3.7%) 3(5.1%) 1(2%) 4(3.7%)

Partial 3(5.1%) 31(6.1%) 6 (5.6%) 2(3.4%) 2(4.1%) 4(3.7%)

Total 59 49 108 59 49 108
complications arising due to ignoring this anomaly PP in order to design a personalised approach to C1
can be avoided in cervical spine surgery [3, 6, 31]. pedicle screw fixation and to avoid mistaking the PP
3D images should be obtained preoperatively to for a widened dorsal arch of the atlas. It was not dif-
establish the type, location, size, and shape of the ficult to choose a right entry point and a right screw
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Figure 3. Three-dimensional images of ponticulus posticus on extracted images atlas vertebrae; A. Complete ponticulus posticus; B. Partial

ponticulus posticus.

trajectory after careful evaluation of preoperative 3D
images [22, 39, 40].

The prevalence of PP has been found to be 1-46%,
using lateral cephalometric radiographs, CT, CBCT,
cadaver or dried atlas specimens in different popula-
tions [3, 4, 15, 29]. Meta-analysis studies conducted
by Elliott and Tanweer [8] in 2014 and Pekala et al.
[23] in 2017 reported the mean prevalence of PP. In
the study of Elliott and Tanweer [8] it was 19% for
cadavers, 17% on CT images, 17% on lateral radio-
graphs and 17% overall. Pekala et al. [23] reported
that the overall prevalence of complete PP was 9.1%
and partial PP was 13.6%. Generally, a statistically
significant difference has not been found between
males and females with regard to the prevalence of PP.
Sharma et al. [31] noted that the prevalence of com-
plete PP of 4% was found in 858 Indian orthodontic
patients aged 8-22 years, using lateral cephalometric
radiographs. In this study, higher prevalence was
found in males than females. Buyuk et al. [4] evalu-
ated presence of PP in orthodontic population using
CBCT. They found that 43% of the patient had PP.

Development of the head and face is one of the
most complex events during embryonic development.
Itis coordinated by a network of transcription factors
and signalling molecules together with proteins regu-
lating cell polarity and cell-cell interactions. Distur-
bance of this tightly controlled cascade can result in
a facial cleft where the facial primordial ultimately fail
to meet and fuse or form the appropriate structures.
Collectively, craniofacial abnormalities are among the
most common of all the birth defects. The most fre-
quent of these are the CLP [7, 13, 19]. When investi-
gating the craniofacial dysmorphology, it is tempting
to make an association between two or more defects
and link them to a common embryonic event. The
presence of associated anomalies in CLP has been
proposed as a malformation spectrum and linked
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to a common embryologic factor based on a fault(s)
at cellular level in which disruption of mesenchymal
development may lead to abnormal migration, induc-
tion, and/or proliferation of embryonic tissues which
can occur at sites distant from the palatal shelves,
like the cervical spine. Numerous studies agree that
patients with CLP exhibit a higher prevalence of cervi-
cal vertebral anomalies [7, 14, 21, 24, 27].

The literature reported that there was a correlation
between cervical vertebral morphology and cranio-facial
malformations. Signalling during early embryogenesis
between the notochord, para-axial mesoderm, the
neural tube, and the neural crest can explain relations
between the cervical vertebral column, the cranial base,
and the craniofacial skeleton. Considering the fact that
the cervical vertebrae and cranial base have common
embryonic origin, and that the jaws are related to the
cranial base, it may be speculated as a cause of asso-
ciation between the cervical vertebral anomalies and
cranio-facial malformations [32-36]. Datana et al. [7]
reported that the upper cervical anomalies were more
common in the CLP group than the control group.
The authors reported that the prevalence of cervi-
cal vertebral anomalies in the CLP group was 20.3%
while it was 6.4% in the control group [9]. Perez and
Chavez [24] studied the frequency of PP (complete
and partial) in CLP patients and they stated that the
frequency of complete PP was lower in the CLP group
(6.1% against 8.7%), whereas the frequency of par-
tial PP was similar in both groups (11.04% against
11.08%) [24]. However, in our study, the prevalence of
PP in the CLP group was higher than that in the control
group. The discrepancy between the two studies can
be explained by the fact that Perez and Chdvez [24]
used lateral cephalometric film in their study. In the
present study, PP was evaluated by using CBCT. Exact
characterisation of PP is possible only by 3D examina-
tion. The use of advanced imaging has been limited
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because of the cost, availability and radiation dose
consideration. However, the introduction of CBCT pro-
vides opportunities to request multiplanar imaging.
CBCT allows the creation of “real time” images not only
in the axial plane but also two-dimensional images in
the coronal, sagittal and even oblique or curved image
planes [6, 28].

CONCLUSIONS

Ponticulus posticus is an important anomaly and
the presence of PP is important for patients. PP can
have clinical significance in cervical spine surgery as
this study has indicated that the likelihood of encoun-
tering PP is higher in patients with CLP. We suggest
that PP should be taken into account prior to cervical
vertebral surgery in patients with CLP.
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