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The relationship between vertical
malocclusions and ossification
changes in the cranial base and
upper cervical spine

Roberta Lekavi¢ioté!", Diana Sopagiené?, Giedré Trakiniené? & Kristina Lopatiené?

The growth and development of the maxillofacial complex share a common embryological origin

with the cranial base and upper cervical spine; therefore, anomalies in these regions may be linked

to variations in the skeletal pattern. This study aimed to evaluate the relationships between the
morphological features of the sella turcica bridging, ponticulus posticus, posterior arch deficiency

of the first cervical vertebra, known as the atlas, and the cervical vertebral maturation stages and
vertical malocclusions. Randomly selected 300 pre-orthodontic treatment patients (aged 7 to 40 years)
were divided into groups according to cervical stage (CS1-CS6) and type of vertical malocclusion.
According to the study protocol, cephalometric analysis and evaluation of the sella turcica and atlas
were performed twice by two researchers under the supervision of a radiologist. Statistical analysis
was performed using SPSS 29.0. Sella turcica bridging was significantly more common in postpubertal
patients (58.2%; p <0.05). Ponticulus posticus and sella turcica bridging occurred more frequently in
patients with low mandibular plane angle (43.3% and 51.1%, respectively), whereas atlas posterior
arch deficiency occurred more frequently in patients with high mandibular plane angle (24.2%).
However, only atlas posterior arch deficiency showed significant difference (p <0.05). According to
logistic regression, patients in the CS6 stage were less likely to have type 1 ponticulus posticus and
more likely to have type 2 sella turcica bridging (p <0.05). Patients with low angle were less likely to
have atlas posterior arch deficiency (p <0.05). Sella turcica bridging and atlas posterior arch deficiency
are associated with the skeletal pattern and cervical stage. Sella turcica bridging was more prevalent
during the postpubertal period, whereas atlas posterior arch deficiency was more prevalent in those
with a high mandibular plane angle.
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Abbreviations

CS Cervical stage

LCR Lateral cephalometric radiograph
PP Ponticulus posticus

APAD  Atlas posterior arch deficiency
STB Sella turcica bridging

CVM cervical maturation
SD Standard deviation
LA Low angle

NA Normal angle

HA High angle

CBCT  Cone beam computed tomography

Orthodontic anomalies, caused by genetic and environmental factors as well as individual habits, affect both
physical and mental health!"2. The discussion on the mechanisms of occlusion alterations has been continuing,
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emphasizing that while the effects of etiological factors remain incompletely understood, increasing attention
has been given to the role of environmental factors in the development of malocclusion!. Malocclusion is one
of the most common oral health issues affecting individuals worldwide; it impacts speech and aesthetics and
significantly contributes to a reduced quality of life*.

Previous studies have revealed associations between abnormalities in the upper cervical spine and jaw
malformations, craniofacial morphology, and malocclusion®”’. These relationships may begin in early
embryogenesis, where the notochord plays a critical role in the development of both the cervical vertebrae and
the cranial base, particularly the basilar part of the occipital bone, which forms the posterior cranial base angle®.
The cranial base, linked to the cervical spine through the notochord, probably functions as a developmental
connection between the cervical vertebrae and the jaws>~.

Important cervical spine pathologies or normal variants that can be identified on lateral cephalometric
radiographs (LCRs) include anomalies in the atlanto-occipital region, such as ponticulus posticus (PP) and
atlas posterior arch deficiency (APAD)?. Ponticulus posticus, meaning a “little posterior bridge” in Latin, is also
known by various other names in the literature, such as Kimmerle’s anomaly, pons ponticus, canalis arteriae
vertebralis, posterior atlantoid foramen, foramen sagittal, atlas bridging, arcuate foramen, posterior ponticulus,
foramen retroarticular, and retroarticular ring®~!2. This anomaly is characterized by a complete or incomplete
osseous ridge that extends from the posterior aspect of the superior articular process to the posterolateral portion
of the superior margin of the posterior arch of the atlas vertebra, traversing the vertebral artery groove!®!!. It is
caused by calcification of the oblique atlantooccipital ligaments, sometimes referred to as arcuate ligaments®. The
formed osseous bridge between the atlas and axis vertebrae can affect neurovascular structures'®. It can compress
or irritate the suboccipital nerve, sympathetic periarterial plexus, and vertebral artery, potentially leading to
health problems!2. These symptoms include headaches, neck pain, vertigo, swallowing and speech difficulties,
visual disturbances, neurosensory hearing loss, vertebrobasilar insufficiency, dizziness, loss of postural muscle
tone, shoulder pain, Barré-Liéou syndrome, vascular issues, and loss of consciousness®™ 13,

Atlas posterior arch deficiency is a rare anomaly that affects the posterior arch of the atlas'®. Even though
this deficiency is often asymptomatic and typically discovered incidentally through radiological imaging, it can
present in various ways, including neck and head pain, neurological deficiencies, and Lhermitte’s sign'*!°. In
some cases, cervical myelopathy may also develop'“.

Another cranial base anomaly associated with skeletal malocclusions is sella turcica bridging (STB). It is a
concave structure located above the body of the sphenoid bone and is surrounded by the anterior and posterior
vertical walls of the bone!®. The etiology of this bridge is associated with calcification of the interclinoid ligament
or fusion of the anterior and posterior clinoid processes, resulting from their abnormal development®'”. It is an
important structure that provides valuable diagnostic information for analysing craniofacial anomalies and offers
insights into the pathology of the pituitary gland'®. The sella turcica is closely linked to craniofacial growth and
development, as its shape is associated with the pituitary gland and neural crest cells, and any abnormality in the
pituitary gland can disrupt growth hormone secretion, hindering bone and body development!?. Several studies
have established a relationship between various conditions and syndromes affecting the craniofacial complex
and changes in the size and shape of the sella turcica. These include Williams syndrome, Down syndrome,
osteogenesis imperfecta, Axenfeld-Rieger syndrome, cleft lip and palate, trisomy, fragile X syndrome, Cri du
Chat syndrome, and lumbosacral myelomeningocele?*?!. Other studies have shown a greater prevalence of sella
turcica bridging in patients with dental anomalies, including agenesis of the mandibular second premolars and
macxillary lateral incisors, dental transposition, and maxillary canine impaction”.

These cervical spine and cranial base pathologies are clinically important for anatomists, radiologists,
neurophysicians and neurosurgeons specializing in this region®. These structures can be identified during
routine orthodontic radiographic evaluation, as LCRs are commonly used for cephalometry and assessment of
cervical maturation stage (CVM)?. The importance of cephalograms in assessing the morphology of the skull,
facial structures, and upper cervical spine is unquestionable®??4, Because LCRs are inexpensive, simple, and
provide sufficient diagnostic information, they can serve as an alternative to three-dimensional imaging in the
evaluation of cervical spine and cranial base pathologies.

The current literature suggests that vertebral anomalies may disrupt normal craniofacial growth, potentially
contributing to abnormal occlusal relationships and influencing overall craniofacial development?*?>2°, These
ossification changes may remain asymptomatic during preadolescence and are likely to present symptoms later
in life?3. Understanding these structures and identifying them in LCRs could help prevent degenerative disorders
and serious complications in the future!'?**. Considering the dynamic and variable nature of individual
growth and development, it is important for clinicians to examine the relationship between malocclusions
and ossification changes in the cranial base and upper cervical spine at various stages of growth. The aim of
this study was to evaluate the relationship between vertical malocclusions, cervical maturation stages, and the
morphological features of sella turcica bridging, ponticulus posticus, and atlas posterior arch deficiency.

Methods

The study received ethical approval from the Kaunas Regional Biomedical Research Ethics Committee (No. BE-
2-71, 12 June 2024). All methods were performed in accordance with the relevant guidelines and regulations.
This study protocol was followed as described in our previous study?’.

Based on the sample size calculation using the Krejcie and Morgan sample size determination table, the
required sample size was determined to be 300. To ensure the reliability of this estimate, the sample size was
further calculated using GPower (Version 3.1.9.6) statistical software (GPower®©, Heinrich Heine University
Diisseldorf, Germany). A power analysis was conducted with the Chi-Square family of tests to detect a small to
medium effect size (Cohen’s w=0.3), with an alpha level of 0.05 and a power of 0.95, which resulted in a required
sample size of N=295.
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After a detailed review of the digital archives from the Department of Orthodontics at the Lithuanian
University of Health Sciences, the study consisted of 300 randomly selected patients (153 females and 147
males). The age range was 7-40 years (mean 15.10 years, SD 4.84 years).

The inclusion criteria were as follows: healthy patients with no history of orthodontic treatment or surgery
and patients with digital dental models and high-quality pretreatment LCRs clearly showing the first four cervical
vertebrae and the sella turcica. The exclusion criteria were as follows: patients with syndromic conditions or
other developmental abnormalities; patients without digital dental models; or patients with missing or low-
quality pretreatment LCRs that did not clearly show the first four cervical vertebrae and the sella turcica.

Before the study, the observers were instructed, and a pilot study of 20 LCRs was performed by two observers
under the supervision of an expert radiologist. LCRs were then analysed according to a standardized protocol
by a senior dental student and an expert orthodontist under the supervision of a radiologist. The presence and
degree of STB, PP, and APAD were assessed twice for each patient using LCRs. Additionally, 20 randomly selected
LCRs were reexamined by the same observers after two weeks, and Cohen’s kappa analysis was performed to
determine the agreement between the two investigators. The agreement was considered substantial, with a
weighted kappa of 0.72.

Lateral cephalometric radiographs were used to evaluate CVM stages, the vertical skeletal pattern, and
the prevalence of PP, STB, and APAD. Cephalometric analysis was performed using WebCeph software
(AssembleCircle Corp., Seongnam-si, Gyeonggi-do, Republic of Korea).

Patients were divided into groups according to the SN-MP angle (Fig. 1). The SN-MP angle was evaluated
according to Steiner’s analysis?®. The Sella (S) is the midpoint of the sella turcica, while the Nasion (Na) is
the most anterior point of the frontonasal suture. The SN line is formed by connecting the Sella and Nasion
points, representing the anterior cranial base. The Mandibular Plane (MP) is defined by the line extending from
the Gonion (Go), located at the angle of the mandible, to the Gnathion (Gn), the most inferior point on the
mandibular symphysis, reflecting the inclination of the mandible relative to the cranial base. According to the
type of vertical skeletal pattern, the subjects were categorized into three groups: low angle (LA <28°) (n=114),
normal angle (28° < NA <36°) (n=141), and high angle (HA >36°) (n=45).

The maturation stages of the cervical vertebrae were evaluated following the method outlined by Baccetti
et al.?. According to McNamara et al.*°, the CS1 and CS2 stages were classified as prepubertal (n=44), the
CS3 and CS4 stages were classified as circumpubertal (n=104), and the CS5 and CS6 stages were classified as
postpubertal (n=152).

Sella turcica bridging analysis

Sella turcica analysis was performed according to the Leonardi et al.’! standardized scoring scale, and the degree
of STB was classified into three types (Fig. 2): Type 1 (no calcification): the length of the sella turcica was equal
to or greater than 3/4 of the diameter; Type 2 (partial calcification): less than or equal to 3/4 of sella diameter;
Type 3 (complete calcification): only the diaphragm sella was visible on the radiograph.

Ponticulus posticus analysis

The severity of calcification was assessed by evaluating the lateral cephalometric radiographs (LCRs) and
categorized using the standardized scoring scale established by Leonardi et al.>!. In this study, partial calcification
was further subdivided into two types: open groove and half-open groove. Based on this, the following types were
established (Fig. 3): Type 1 (no calcification): no mineralization is observed in the atlanto-occipital ligament;
Type 2 (open groove): partial calcification extends from the lateral mass beyond 180°, without reaching the
posteromedial margin of the vertebral artery groove; Type 3 (half-open groove): partial calcification extends
from the lateral mass beyond 270°, without reaching the posteromedial margin of the vertebral artery groove;
Type 4 (complete calcification, full ring): complete bone bridge involving the atlanto-occipital ligament, with
complete mineralization extending from the lateral mass to the posteromedial margin of the vertebral artery
groove.

Atlas posterior arch deficiency analysis
The atlas posterior arch was evaluated based on the presence (Fig. 4A) or absence (Fig. 4B) of the posterior arch,
following the methodology proposed by Leonardi et al.?2.

Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (IBM SPSS Statistics
© Version 29.0.0.0) software. The chi-square test was used to examine associations between qualitative
independent variables (CVM stage, vertical malocclusions) and the presence of STB, PP, and APAD, with
differences in frequency expressed as z scores. The Kolmogorov-Smirnov test was used to assess the normality
of the quantitative variables. The one-sample t test was used to test the null hypothesis. Multinomial logistic
regression was used to quantify the influence of predictors (CVM stages and vertical malocclusions) on the
outcome variables. Odds ratios expressed the change in odds of being in a nonreference group compared with
the reference group, with the goodness-of-fit determined by the Nagelkerke coefficient. Odds ratios and 95%
confidence intervals were calculated, and results with p values lower than 0.05 were considered significant.

Results
Demographic characteristics of the sample are presented in Table 1.

The frequency and variations of ponticulus posticus in relation to skeletal age and vertical skeletal pattern are
shown in Table 2. PP (types 2, 3, and 4 combined) was most common in postpubertal patients in the CS5 and
CS6 stages (48.1%). It occurred more frequently in individuals with a low angle (43.3%) and least frequently in
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Fig. 1. Measurement of the mandibular plane angle (SN-MP) in cephalometric analysis.

those with a high angle (15.3%). However, the relationships between PP and skeletal age, as well as the vertical
skeletal pattern, were not statistically significant (p >0.05).

The frequency and variations of sella turcica bridging in relation to skeletal age and vertical skeletal pattern are
shown in Table 3. STB (types 2 and 3 combined) was significantly more prevalent among postpubertal patients
in the CS5 and CS6 stages (58.2%; p=0.019), and complete bridging was also significantly more common during
the postpubertal period (61.7%; p=0.045). Complete bridging was more common in individuals with a low
facial angle (51.1%). However, no significant association was found with the vertical malocclusions (p>0.05).

The frequency of atlas posterior arch deficiency in relation to skeletal age and the vertical skeletal pattern
are shown in Table 4. Patients with a high angle had a significantly greater incidence of deficiency (24.2%) than
did those with a complete posterior arch (12.6%) (p =0.048). APAD was more common in postpubertal patients
(45.2%), followed by circumpubertal patients (40.3%). However, it was not significantly associated with CVM
stage (p>0.05).

The associations between the CVM stage, skeletal pattern and PP are presented in Fig. 5. The reference
category was type 1 PP. Skeletal age was associated with the presence of PP. Compared with those in the CS6
stage, individuals in the CS5 stage were two times more likely to have an open groove (OR=2.5, p=0.027),
those in the CS3 stage were three times more likely (OR=3.2, p=0.014), and individuals in the CS1 stage were
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Fig. 2. Types of Sella turcica bridging: no calcification (Type 1, A); partial calcification (Type 2, B); complete
calcification (Type 3, C).

Fig. 3. Ponticulus posticus types: no calcification (Type 1, A); open groove (Type 2, B); half-open groove (Type
3, C); full ring (Type 4, D).

Fig. 4. Two conditions of the atlas posterior arch: complete (A) and deficient (B).
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Total Females | Males
Characteristic | n (%) n (%) n (%)
Age
<10 27(9.0) |13(8.5) |14(9.5)
11-14 135 (45.0) | 72 (47.0) | 63 (42.9)
15-18 97 (32.3) | 46 (30.1) | 51 (34.7)
>19 41 (13.7) | 22 (14.4) | 19 (12.9)
Cervical maturation stage
CS1, CS2 44 (14.7) | 15(9.8) |29(19.7)
CS3, CS4 104 (34.7) | 49 (32.0) | 55 (37.4)
CS5, CS6 152 (50.6) | 89 (58.2) | 63 (42.9)
Vertical skeletal pattern (SN-MP angle)
<28° 114 (38.0) | 49 (32.0) | 65 (44.2)
29° —35° 141 (47.0) | 79 (51.6) | 62 (42.2)
>36° 45 (15.0) | 25 (16.4) | 20 (13.6)
Type of ponticulus posticus
Type 1 142 (47.4) | 85 (55.6) | 57 (38.8)
Type 2 90 (30.0) | 38 (24.8) | 52 (35.4)
Type 3 34(11.3) | 15(9.8) |19(12.9)
Type 4 34(11.3) | 15(9.8) |19 (12.9)
Type of sella turcica bridging
Type 1 142 (47.3) | 58 (37.9) | 84 (57.1)
Type 2 111 (37.0) | 66 (43.1) | 45 (30.6)
Type 3 47 (15.7) | 29 (19.0) | 18 (12.3)

Table 1. Demographic characteristics of the sample.

Ponticulus posticus Type of ponticulus posticus

Present | Absent Typel |Type2 |Type3 |Type4
Group n (%) n (%) p value | n (%) n (%) n (%) n (%) p value
Cervical maturation stage
Prepubertal 25(15.8) | 19(13.4) 19 (13.4) | 19(21.1) | 4(11.8) [2(5.9)
Circumpubertal | 57 (36.1) | 47 (33.1) | 0.628 |47 (33.1) | 31 (34.4) | 15 (44.1) | 11 (32.4) | 0.257
Postpubertal 76 (48.1) | 76 (53.5) 76 (53.5) | 40 (44.4) | 15(44.1) | 21 (61.8)
Vertical skeletal pattern (SN-MP angle)
<28° 68 (43.3) | 46 (32.2) 46 (32.2) | 39 (43.8) | 14 (41.2) | 15 (44.1)
29° -35° 65(31.4) | 76 (53.1) | 0.097 76 (53.1) | 37 (41.6) | 14 (41.2) | 14 (41.2) | 0.560
>36° 24 (15.3) | 21 (14.7) 21(14.7) | 13 (14.6) | 6 (17.6) |5(14.7)

Table 2. Chi-Square test analysis of the occurrence and variations of PP in relation to skeletal age and vertical
skeletal pattern.

four times more likely (OR=3.7, p=0.021). However, no significant association was found between vertical
malocclusions and PP (p>0.05).

The association between CVM stage, skeletal pattern and STB is presented in Fig. 6. The reference category
was type 1 STB. Skeletal age was significantly associated with the presence of STB. Compared with those in the
CS6 stage, individuals in the CS3 stage were less likely to have partial bridging (OR=0.4, p=0.03). However, no
significant association was observed between the vertical skeletal pattern and the STB (p >0.05).

The association between CVM stage, skeletal pattern and APAD is presented in Fig. 7. The reference category
was the complete atlas posterior arch. Vertical skeletal patterns were significantly associated with the presence of
APAD, with low-angle patients being less likely to exhibit APAD than high-angle patients (OR =0.34, p=0.003).
However, no significant association was found between APAD and CVM stages (p >0.05).

Discussion

Early diagnosis and management of health problems in young people, particularly those related to craniofacial
development and skeletal growth, are important. Anatomical variations such as ponticulus posticus, sella turcica
bridging, and atlas posterior arch deficiency have drawn attention for their potential implications in overall
health and craniofacial diagnostics. This study aimed to evaluate the relationship between skeletal patterns,
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Sella turcica bridging Type of sella turcica bridging

Present | Absent Type 1 Type2 | Type3
Group n (%) n (%) p value | n (%) n (%) n (%) p value
Cervical maturation stage
Prepubertal 21(13.3) | 23 (16.2) 23(16.2) | 14 (12.6) | 7 (14.9)
Circumpubertal | 45 (28.5) | 59 (41.5) | 0.019* | 59 (41.5) | 32(28.8) | 11 (23.4) | 0.045*
Postpubertal 92 (58.2) | 60 (42.3) 60 (42.3) | 65 (58.6) | 29 (61.7)
Vertical skeletal pattern (SN-MP angle)
<28° 66 (41.8) | 48 (33.8) 48 (33.8) | 42(37.8) | 24 (51.1)
29° - 35° 68 (43.0) | 73 (51.4) | 0.305 | 73 (51.4) | 51 (45.9) | 17 (36.2) | 0.306
>36° 24 (15.2) | 21(14.8) 21 (14.8) | 18 (16.2) | 6 (12.8)

Table 3. Chi-Square test analysis of the occurrence and variations of STB in relation to skeletal age and vertical
skeletal pattern. * Statistically significant difference, p <0.05.

Atlas posterior arch
deficiency
Present | Absent
Group n (%) n (%) P
Cervical maturation stage
Prepubertal 9(14.5) | 35(14.7)
Circumpubertal | 25 (40.3) | 79 (33.2) | 0.552
Postpubertal 28 (45.2) | 124 (52.1)
Vertical skeletal pattern (SN-MP angle)
<28° 18 (29.0) | 96 (40.3)
29° -35° 29 (46.8) | 112 (47.1) | 0.048*
>36° 15(24.2) | 30(12.6)

Table 4. Chi-Square test analysis of the occurrence of APAD in relation to skeletal age and the vertical skeletal
pattern. * Statistically significant difference, p <0.05.

cervical maturation stages, and the morphological features of sella turcica bridging, ponticulus posticus, and
atlas posterior arch deficiency.

The maxillofacial complex and the cervical spine originate from neural crest cells*>. They influence the
development of the neck and shoulders, the process of sella turcica calcification, and the formation and eruption
of teeth'?. Neural crest cells may contribute to the formation of the sella turcica bridging, as the anterior part of the
sella turcica develops from neural crest cells*’. These associations might be found in the signalling during early
embryogenesis between the notochord, para-axial mesoderm, neural tube, and neural crest®. Developmental
alterations in these cells can lead to abnormalities in the sella turcica and the atlas vertebra. Given that these
anomalies have the same embryological origin as the maxillofacial complex, they may be associated with
alterations in skeletal maloclusions.

A relationship was found between abnormalities in the upper cervical vertebrae and jaw malformations,
as well as craniofacial morphology. Arntsen et al. suggested that vertebral anomalies, including posterior arch
deficiency of the atlas or ponticulus posticus, may be linked to changes in the skeletal relationships of the maxilla®.
In this study, atlas posterior arch deficiency was significantly related to a greater mandibular plane angle. In
contrast, Atilla et al. reported that the prevalence of deficient atlas posterior arches was significantly higher in
hypodivergent individuals with a low mandibular plane angle compared to those with a high mandibular plane
angle®. However, our results are in agreement with those of Ostovarrad et al., who analysed the relationship
between cervical spine anomalies and facial types and found that deficiency of the atlas posterior arch was
most common in hyperdivergent individuals with a mandibular plane angle of 34° or greater®>. Moreover, a
previous study revealed that a large cranial base angle is associated with deviations in the morphology of the
cervical vertebral column, such as a partial cleft of the posterior arch of the atlas’. These findings show that the
mandibular plane angle may be linked to abnormalities in the cervical vertebrae, suggesting that cervical spine
anomalies may influence craniofacial development, potentially contributing to malocclusions.

The maxilla and mandible, including the condylar cartilage, originate from tissues derived from the neural
crest. During development in the first branchial arch, neural crest cells migrate to the mandible, followed by the
maxilla, and then to the nasofrontal region®. Therefore, deviations in the morphology of the cervical vertebral
column and craniofacial structures, including the cranial base, may be linked to the development of the jaws, as
these structures originate from tissues derived from the neural crest. When evaluating the relationship with the
vertical skeletal pattern, complete sella turcica bridging was more common in individuals with a low mandibular
plane angle. However, this association was not statistically significant. This finding agrees with that of Atilla et
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Fig. 5. Logistic regression analysis of the associations among the cervical maturation stage, vertical skeletal
pattern, and PP.

al., who reported no significant relationship between vertical malocclusions and the STB during the adolescent
and postadolescent periods®. However, a significant relationship was found in the preadolescent period, with the
highest prevalence of complete bridging in low-angle individuals®.

Recent studies have focused on the possible connection between abnormal calcification of the oblique
atlantooccipital ligaments and the interclinoid ligament of the sella turcica with age. Current discussions on
the relationship between age and the formation of PP or STB are gaining attention. The impact of age on the
abnormal calcification of these ligaments is controversial in the literature. Lo Giudice et al. suggested that greater
age is not a criterion for the formation of PP and reported that the mean age at which patients first exhibited
PP was 10.4 years for the complete form and 9.3 years for the partial form. Additionally, the prevalence of
both PP forms was consistently greater during the CS1 stage’. We studied the lateral cephalometric radiographs
of 300 patients aged 7-40 years for the presence of PP and STB. Among these patients, the youngest patient
with a half-open groove of the PP was 7 years old, and the youngest patient with a full ring was 11 years old.
The youngest patient with partial STB was 8 years old, whereas the youngest patient with complete STB was 9
years old. Moreover, in relation to CVM stages, although only STB showed a significant association, both PP
and STB were more prevalent in postpubertal patients in the CS5 and CS6 stages. This finding is consistent
with the findings of Atilla et al., who reported that the prevalence of complete PP and complete STB increased
significantly from the preadolescence period to the postadolescence period®. Erdem et al. also suggested that
there may be a relationship between age and PP formation, reporting an increase in the frequency of complete
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Fig. 6. Logistic regression analysis of the associations between the cervical maturation stage, vertical skeletal
pattern, and STB.

calcification and a decrease in the frequency of partial calcification in older age groups®. These results indicate
that while PP and STB can be observed at a young age, progressive calcification of these ligaments, from partial
to complete ossification, is possible over time.

Lateral cephalometric radiographs provide diagnostic information about the skull, face, and cervical spine,
especially in cases of dental, skeletal, or facial anomalies®?>373, Abnormalities of the cervical spine and cranial
base can be identified using radiological methods such as cone beam computed tomography (CBCT) and
LCRs*. CBCT allows for more accurate evaluations, as it provides images in a three-dimensional plane, whereas
cephalograms are two-dimensional. For this reason, it can be difficult to precisely evaluate the morphological
features of the PP and STB on cephalograms, as they may be unilateral or bilateral. Sahoo et al. studied the
accuracy of LCRs in assessing the prevalence of PP. CBCT identified 30 cases in the vertebral artery canal,
whereas LCRs identified only 26 cases. The results suggest that, in some cases, calcification may not be visible on
a cephalogram compared with CBCT*C. Although CBCT is more accurate, it is less suitable for initial assessments
because of its greater degree of radiation exposure®. In addition, LCRs are more accessible and safer*!.

Although CBCT provides three-dimensional imaging and allows more detailed evaluations, LCRs remain a
standard diagnostic method routinely performed on patients before orthodontic treatment. While anatomical
structures such as the PP, STB, and APAD are often asymptomatic, their early identification is crucial, as they may
be associated with potential degenerative changes and complications in the future. Understanding the factors
associated with the development of these anatomical structures is important, as it could help in predicting their
occurrence. Furthermore, although PP and STB can be observed at a young age, the progressive calcification of
these ligaments, which transitions from partial to complete ossification, may occur over time. Therefore, patients
exhibiting morphological anomalies of the cervical vertebrae or cranial base during growth should be referred
to a team of healthcare specialists to develop individualized treatment plans to prevent health problems in the
future. This study has some limitations. One limitation is the substantial agreement between the investigators.
Further research with improved evaluator calibration is needed to enhance the reliability and consistency of the
measurements. Moreover, future studies evaluating the morphology of the cranial base using the cranial base
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Fig. 7. Logistic regression analysis of the associations between cervical maturation stage, vertical skeletal
pattern, and APAD.

angle (SN-Ba) measurement could improve the understanding of the relationship between the vertical skeletal
pattern and ossification changes in the cranial base and upper cervical spine.

Conclusions

The presence of atlas posterior arch deficiency was significantly associated with vertical malocclusions, which
occurred more frequently in patients with a high mandibular plane angle. Sella turcica bridging was significantly
more prevalent during the postpubertal period across different cervical maturation stages, suggesting a potential
relationship between age and abnormal ligament calcification. Given that sella turcica bridging is asymptomatic
and typically occurs postpuberty, early detection using lateral cephalometric radiographs is essential for
predicting potential risks, including alterations in craniofacial growth and the development of skeletal anomalies,
as well as enabling comprehensive monitoring.

Data availability

The data used in this study are available from the corresponding author upon reasonable request.
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