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This study aimed to determine if there is a possible relationship concerning the presence of ponticulus posticus
(PP) in patients with elongated styloid process (ESP) on three-dimensional cone beam computed tomography
(CBCT) images. The presence or absence of the PP (whether partial or complete) was determined and noted as
a positive or negative finding. Then, the patientswith PPwere evaluated for ESP. For this purpose, 3-D CBCT scan-
ning digital images of 542 patients having ESP (247 males and 295 females) were examined retrospectively.
There was a significant relationship between the presence of PP and ESP (P=.03). The results of this study sug-
gest that there is a significant correlation between the presence of PP and ESP. To our knowledge, this is the first
study investigating the relationship between the two disorders in the literature.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

As described by several authors [1,2] the symptoms of ponticulus
posticus (PP) anomaly include cervical pain and headache. These symp-
toms have also been associated with elongated styloid process (ESP)
[3,4]. When surgical removal of an ESP is considered, inspection as to
whether the patient has a PP seems reasonable to ensure that all or
some of the symptoms do not arise from a congenital anomaly of the
atlas [4].

The styloid process (SP) is a cylindrical, long cartilaginous bone
located on the temporal bone. Many nerves and vessels, such as the ca-
rotid arteries, lie adjacent to the SP [5]. The normal SP length is approx-
imately 20–30 mm [6]. ESP can be assumed if either the SP or adjacent
stylohyoid ligament ossification shows an overall length in excess of
30 mm [5,6]. The symptoms associated with ESP are directly related to
the anatomical relationship between the SP and surrounding struc-
tures [7]. It is supposed that these symptoms and signs are due to the
compression of the SP on some neural and vascular structures. The
exact cause of elongated SP is not clear [6].

The normal atlas is a ring-like structure consisting of two lateral
masses connected by a short anterior arch and a longer posterior arch.
It is the widest cervical vertebra, with its anterior arch being approxi-
mately half as long as the posterior arch [8]. The clinical significance of
the PP is subject to ongoing research. It has been associated with head-
aches, Barré–Lieou syndrome, photophobia, andmigraine. However, lit-
tle epidemiologic evidence for this exists [1]. A link between PP and
head painwas observed byWight et al. [1]whonoted a significant over-
representation of the ring in chiropractic patients presenting with head
pain without aura (i.e., visual or auditory disturbances).

CBCT, which can definitively measure the length of the anatomical
structures of the craniofacial region, was introduced as a new and alter-
native modality. This recently designed technology has become a rele-
vant tool for diagnostic imaging of oral and maxillofacial osseous
structures, providing professionals with access to excellent image qual-
ity and greater diagnostic accuracy and sensitivity [9].

In the present study, our aimwas to investigate PP prevalence in pa-
tients with ESP. To our knowledge, this is the first study investigating
the relationship between the two disorders in the literature.

2. Material and methods

We designed a retrospective study composed of the CBCT (Newtom
5G, QR, Verona, Italy) images of patients who presented to the
Dentomaxillofacial Radiology service at X University's Dentistry Faculty.
All the patients had been referred for diagnosis and treatment planning
for different problems involving the maxillofacial region.
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CBCT scans were retrieved from the archives of the faculty and ex-
amined for cervical spine anomalies, in particular, PP. Exclusion criteria
included inadequate picture quality (artifacts caused by metallic im-
plants or osteosynthesis plates; low resolution; patient movement dur-
ing imaging). Patients presenting with congenital anomalies such as
cleft lip and palate were not included. In addition, patients with other
syndromic conditions involving the craniofacial region were excluded.
Any patient who had disorders related to calcium and phosphorus me-
tabolism was excluded. All medical data were obtained from the files.
The 3-D CBCT scanning digital images of 542 consecutive patients, com-
prising 247 males and 295 females, were examined.

2.1. Evaluation of the images

The CBCT imageswere analyzedwith the inbuilt software (NNT) in a
Dell Precision T5400 workstation (Dell, Round Rock, TX, USA), using a
32-in. Dell LCD screen with a resolution of 1280×1024 pixels. These im-
ages were reconstructed into three-dimensional images and carefully
inspected for the presence of PP andwhether it was complete or partial.
Complete type was defined as a clear bony bridge between the superior
articular process and the posterior arch of the atlas in 3-D CBCT images.
We did not class a bonyprotrusion due to noticeable impression for ver-
tebral arteries as partial type. Partial type was considered as partial PP
whichwas noted as a distinct bony spicule extending from the superior
articular facet overhanging the dorsal arch.

All the CBCT images were evaluated by two observes with 5 years of
experience. The CBCT mandibular images were analyzed in an NNT
viewer; which is a simple version of the NNT software of the CBCT
(Newtom 5G, QR, Verona, Italy) machine in a Dell Precision T5400
workstation (Dell, Round Rock, TX, USA), and a 32-in. Dell LCD screen
with a resolution of 1280×1024 pixels in a darkroom. The contrast
and brightness of the images were adjusted using the image processing
tool in the software to ensure optimal visualization.

a. Evaluation of the PP
The direct visual method of examination under adequate illumina-
tion was used. The initial examination of the PP wasmade by a con-
sensus of two experts with prior experience in assessing CBCT
volumetric data. To eliminate any error, 120 randomly selected im-
ages were reexamined separately by the same two experts
1 month after initial examination. There was complete agreement
between the two authors and the two examinations. The prevalence
according to gender was calculated.
b. Evaluation of the ESP
Axial images were obtained for the ESP and were reformatted as
three-dimensional computed tomography (CT) images. SPwas eval-
uated on axial, coronal, and sagittal planes. For mineralized
stylohyoid, the complexes and lengths of bilateral SPs were evaluat-
ed using the measurement method employed in the study by Jung
et al. [10]. In brief, the measurements were taken on the temporal
bone's frontal side. A thin transparent line is usually imagined be-
tween the SP shadows and the tympanic bone in this area. The tip
of the SP is its bony end including calcified parts of the ligament.
Length of SP or stylohyoid ligament longer than 30mmwas consid-
ered to be ESP. Images were reviewed on a digital imaging worksta-
tion. The two investigators looked at the images together and
reached a consensus.

Statistical analysis was conducted using Statistical Package for the
Social Sciences (SPSS) 16.0 for Windows (SPSS, Chicago, IL, USA). Data
were analyzed by independent t test, Pearson correlation relation test,
and chi-square. Statistical significance was considered at Pb .05.

3. Results

The study group comprised 247 (45.6%) males and 295 (54.4%)
females with a mean age of 32.7±11.4 years (range: total, 18–72;

male, 19–68; female, 18–72). Analysis of the 42 3-D CBCT scan images
revealed PP on one or both sides in 213 patients (39.3%). In a total 213
patients, bilateral complete PP was identified in 36, bilateral partial in
100, bilateral mixed in 18, unilateral complete in 34, and unilateral par-
tial in 25 (Table 1) (Figs. 1 a,b; 2 a–c). The data indicate that the distri-
bution of the presence of the bony bridge in the first cervical vertebra is
higher in males [42.5% (105 of 247)] than in females [36.6% (108 of
295)]. There was a significant difference in prevalence between males
and females (Pb .05).

Out of 542 patients, 31 (26.4%) had left side, 14 (11.9%) had right
side, and 72 (61.5%) had bilateral elongation of SP. ESP was observed
in 117 cases (21.6%). In the study group, the mean length of SPs in pa-
tients with PP was 38.18±8.87 mm on the right and 36.17±8.92 mm
on the left. There were no statistically significant differences in length
values of SP between males and females in either group. There was a
significant relationship between the presence of PP and ESP (P=.03).

4. Discussion

This is the first study investigating the relationship between the two
disorders (PP and ESP) in the literature.

PP was originally thought to occur as a result of ossification of the
atlanto-occipital membrane. Lamberty and Zivanovic [11] identified
the PP as the causative factor in headaches. It had not been a subject
of concern for spine of surgeons until its surgical significance in the in-
sertion of screws into the lateral mass of the atlaswas recently reported
[12]. There has been a steady increase in the number of patients treated
with C1 lateral mass screw (C1LMS) through the posterior arch. Al-
though the skeletal maturation evaluation [13] using cervical vertebrae
and its modified version are now commonly used to interpret the
growth potential of young patients, inadequate attention is paid to the
radiological anatomy of this regionwith a view to identifying pathology
[14]. Knowledge of this anomaly is critical to surgeons performing pos-
terior atlantoaxial fusions [15]. Since the treatment of atlantoaxial insta-
bility was revolutionized by the introduction of the C1LMS insertion
[16]many alterations to themethod have been described and used suc-
cessfully [17–19]. Young et al. [12] reported that mistaking the PP for
just a broad posterior arch of the atlas during C1LMS placement could
cause injury to the vertebral artery. Considering the growing clinical im-
portance of PP, we need to understand the morphological features and
the prevalence of this anomaly. PP, which seems to be the consequence
of the complete or incomplete ossification of the posterior atlanto-
occipital membrane over the vertebral artery groove [11], has become
a significant abnormality of the atlas in themanagement of atlantoaxial
instability, which has gained popularity [18]. Therefore, developmental
anomalies of the atlas are of interest not only to anatomists but also to
clinicians, radiologists, surgeons, and chiropractors, who should be

Table 1
Morphologic analysis of patients examined for PP

Male Female Total

n % n % n %

Valid Bilateral absent 142 57.5 187 63.4 329 60.7
Right absent–left complete 17 6.9 5 1.7 22 4.1
Right absent–left parcial 6 2.4 9 3.1 15 2.8
Right complete–left absent 9 3.6 3 1.0 12 2.2
Bilateral complete 21 8.5 15 5.1 36 6.6
Right complete–left parcial 5 2.0 4 1.4 9 1.7
Right parcial–left absent 2 0.8 8 2.7 10 1.8
Right parcial–left complete 2 0.8 7 2.4 9 1.7
Bilateral parcial 43 17.4 57 19.3 100 18.5
Total 247 100 295 100 542 100

P=.001
n: number of subjects
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