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Abstract
Purpose  To compare cervical vertebral anomalies and sella turcica bridging (STB) in different growth stages in orthodontic 
patients with different vertical skeletal growth patterns.
Methods  Lateral cephalometric radiographs (LCR) of 270 patients in the preadolescent, adolescent, or postadolescent 
periods and having low angle [LA], normal angle [NA], or high-angle [HA] vertical skeletal growth patterns were evaluated 
retrospectively. STB was visualized using LCRs while evaluating the deficiency of ponticulus posticus (PP) and atlas pos-
terior arch (PAA) associated with the atlas bone. The Pearson chi-square and Fisher’s exact tests were used for categorical 
data and one-way ANOVA for numerical data.
Results  The prevalence of fully calcified PP and STB increased from the preadolescent (PP, 10.0%; STB, 11.1%) to the 
postadolescent period (PP, 24.4; STB, 21.1%); they did not differ from vertical skeletal growth patterns (p > 0.05). The 
prevalence of PAA deficiency is significantly higher in individuals with LA (46.7%) than with other angles (NA, 27.8%; 
HA, 26.7%). The vertical skeletal growth pattern was significantly related to STB in the preadolescent period and PAA in 
the postadolescent period.
Conclusions  Different anomalies during different growth periods correlate with the vertical skeletal growth pattern. It will 
be useful to evaluate a different anomaly according to the relevant growth period.

Keywords  Cervical vertebral anomalies · Sella turcica bridging · Vertical skeletal growth pattern · Ponticulus posticus · 
Lateral cephalometric radiography

Introduction

One of the important stages of dental-orthodontic treat-
ment planning is evaluating lateral cephalometric radio-
graphs (LCRs) [23]. These radiographs can also be used to 
diagnose different conditions and anomalies related to the 
craniofacial and cervical vertebral regions and to skeletal 
maturation [1, 2, 11, 13, 17, 20, 22]. Anatomical variations 
and morphological abnormalities such as fusion of vertebral 
bodies, spina bifida, odontoid deformities, elongated styloid 

process, first cervical vertebrae (CV, atlas) malformations 
(especially deficiency in the posterior arch and ponticulus 
posticus [PP] formations), and abnormal ossifications are 
not common in the cervical vertebrae [6, 7, 28, 30, 34]. The 
sella turcica, an important anatomical structure for ortho-
dontists, can be easily observed on the intracranial surface 
of the sphenoid bone anteriorly bordered by the tuberculum 
sellae and posteriorly by the dorsum sellae with the help of 
LCRs [18, 20]. Clinoid processes, two in the front and two 
at the back, surround the upper part of the pituitary gland in 
the sella turcica [9]. There are certain rates of calcification 
in the ligament located between the anterior and posterior 
clinoid processes, which are defined as sella turcica bridging 
(STB), a sella turcica anomaly [9]. All these anomalies or 
normal variants of the CV and STB, which can be encoun-
tered during a routine orthodontic radiological examination, 
have been previously shown to be associated with many 
conditions, such as headache, migraine, cleft lip and palate, 
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dental anomalies, dental transposition, temporomandibular 
disorders (TMDs), and tooth deficiencies [1, 5, 9, 13–18, 
20, 21, 24]. They have also been shown to be associated 
with a variety of dental and craniofacial conditions, although 
they are not fully known. However, they are highly corre-
lated to the non-syndromic skeletal class II and class III 
anomalies [1, 5, 20, 21]. In contrast, Sonnesen and Kjaer 
showed that in a small sample, compared with the control 
group, they were significantly associated with skeletal open 
bite and deep bite [29, 30]. Many of these anomalies are 
asymptomatic until adolescence or young adulthood; hence, 
orthodontists should consider different perspectives as they 
can cause degenerative problems and serious complications, 
especially in adulthood [1, 6].

Therefore, this study aimed to determine and compare the 
incidence of cervical vertebra anomalies (CVAs) and STB 
using LCRs of individuals with different vertical growth pat-
terns during different growth periods. Moreover, it aimed to 
evaluate whether the relationship between CVAs and verti-
cal growth patterns varies during different growth periods.

Materials and methods

In this study performed in the Department of Ortho-
dontics, Erciyes University Faculty of Dentistry, LCRs 
of 270 individuals (135 girls and 135 boys; mean age, 
13.53 ± 2.93 years [range, 8–22.6 years]), including indi-
viduals with different vertical skeletal growth patterns and 
stages, who requested for orthodontic treatments were retro-
spectively evaluated. This study was approved by the Erci-
yes University Clinical Research Local Ethics Committee 
(approval no: 2019/394).

In our study, we included patients having (a) no crani-
ofacial syndrome or systemic disease and no long-term drug 
use affecting the bone development, (b) no history of prior 
orthodontic or orthognathic surgical treatment, (c) high-
quality radiographs made using a standardized method and 
by the same technician, (d) ANB angle, representing maxil-
lomandibular relationship, between 0 and 4°, and (e) indi-
viduals belonging to the same ethnic group. Patients with (a) 
insufficient treatment records and radiographs, (b) a history 
of trauma and treatment affecting the craniofacial region, 
and (c) individuals whose cervical vertebrae were not suffi-
ciently visualized in radiographic evaluation, were excluded.

Because of the power analysis (G*Power version 3.1.9.4; 
Franz Faul, Universität Kiel, Kiel, Germany) performed on 
the data of a previous study to deduce a sample size to be 
used in this study, it was found that a statistically significant 
difference could be obtained when 30 patients were included 
in each group according to the 0.74 effect value, 95% power, 
and α = 0.05 [27].

LCRs used for determining the vertical skeletal growth 
patterns and growth development phases of all individuals 
included in the study were performed by the same techni-
cian using the same device  (Orthoceph OP300, Instrumen-
tarium, Tuusula, Finland). The patients were divided into 
three groups (preadolescent [PrAD], adolescent [AD], and 
postadolescent [PsAD]) according to growth stages and 
three subgroups (low angle [LA], normal angle [NA], and 
high angle [HA]) according to vertical skeletal growth pat-
terns; hence, a total of nine groups were included in this 
study (Table 1).

The individuals belonging to the same ethnic group 
(Turkish) were divided into three groups (PrAD, AD, and 
PsAD) according to the growth and development periods. 
The cervical vertebral maturation stage (CVMS) method 
recommended by Franchi et al. [11] was used while eval-
uating LCRs to divide individuals into groups. Accord-
ingly, those with CVMS I and II were PrADs, CVMS III 
and IV were AD, and CVMS V and VI were PsADs [4]. 
Ninety patients were included in each of the main groups. 
Each of the three main groups was divided into three sub-
groups according to the vertical skeletal growth pattern 
(LA ≤ 26º; 26º < NA < 38º; HA ≥ 38º) determined using 
the SN-MP (Sella Nasion-Mandibular Plane) angle [8]. 
All patients in the PrAD, AD, and PtAD groups had skel-
etal class I relationships (ANB; PrAD-LA = 1.63 ± 2.15º, 
PrAD-NA = 2.55 ± 2.45º, PrAD-HA = 2.87 ± 3.19º, 
AD-LA = 2 .58  ± 2 .90º ,  AD-NA = 3 .32  ± 2 .17º , 
AD-HA = 2.96 ± 2.68º, PsAD-LA = 1.45 ± 3.15º, PsAD-
NA = 2.54 ± 2.09º, and PsAD-HA = 3.36 ± 2.71º), and 
the SN-MP angles were PrAD-LA = 24.65 ± 1.97º, 
PrAD-NA = 33.08 ± 2.67º, PrAD-HA = 40.08 ± 2.44º, 
AD-LA = 24.32 ± 1.78º,  AD-NA = 32.97 ± 2.24º, 
AD-HA = 41.24 ± 2.74º, PsAD-LA = 23.21 ± 2.66º, PsAD-
NA = 32.77 ± 2.60º, and PsAD-HA = 41.63 ± 3.60º (Table 1). 
The cephalometric analyses required to determine the verti-
cal skeletal growth pattern and skeletal class of individuals 
were performed using the Dolphin Imaging software (ver-
sion 11.0; Dolphin Imaging and Management Solutions, 
Chatsworth, CA).

The LCRs with visual evaluation of the first cervical ver-
tebra (posterior arch of the atlas bone [PAA] and arcuate 
foramen of the atlas [PP]) and the first four CV to determine 
the cervical maturation stage of individuals and sella tur-
cica (for the calcification of the interclinoid ligament [ICL]) 
were clearly visualized [13, 21]. The arcuate foramen assess-
ment, known as PP, which can be seen on the first verte-
bral bone, the atlas, was performed similar to the method 
used by Giudice et al. [14]. Accordingly, the calcification 
of the atlanto-occipital ligament, which forms the arcuate 
foramen, was evaluated, and individuals with no PP were 
defined as “absent” (Fig. 1a), those whose arcuate foramen 
was not fully calcified and had a visible PP as “incomplete” 
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(Fig. 1b), and those with posterior arc ring-like structures as 
“complete” (Fig. 1c). Evaluation of the PAA was performed 
by the presence (Fig. 2a) or absence (Fig. 2b) of the poste-
rior arch, as suggested by Leonardi et al. [17]. Evaluation of 
STB was performed according to the degree of calcification 
of the ICL in the sella turcica on the LCR using the method 
proposed by Leonardi et al. [18]. In this evaluation, ICL that 
was not calcified was defined as “initial form” (Fig. 3a), that 
was incomplete between the dorsum sella and tuberculum 
sella as “incomplete form” (Fig. 3b), and that was fully cal-
cified as “complete form” (Fig. 3c).

To evaluate the method error that may occur in the study, 
half the sample size was randomly re-evaluated by the same 
researcher (T.O.), and intraclass correlation coefficients 
(ICC) were calculated for the analysis of intraobserver reli-
ability in the identification of STB and CVMS.

Statistical analyses

One-way ANOVA and the independent t tests were used to 
evaluate the differences between ages, ANB, and SN/MP 
angles of individuals. Pearson chi-square and Fisher’s exact 
tests were used in the intra- and intergroup evaluation of PP, 
PAA, and STB in both growth period groups and vertical 
skeletal growth pattern subgroups. Interpretation was based 
on the prevalence and percentage values for each group, and 
a P value < 0.05 was considered significant. Statistical Pack-
age for the Social Sciences (version 24.0 Inc, Chicago, IL) 
software was used for all statistical analyses.

Results

The ICC evaluation determined the intraobserver reliability 
value to be between 0.88 and 0.92 for STB and between 0.90 
and 0.94 for CVMS. Moreover, analyses performed using 
LCR were highly reliable [14].

In all growth and development periods, the mean age of 
NA male individuals was higher than that of NA female 
individuals, whereas in the PrAD period, the mean age of 
LA male individuals was higher than that of LA female indi-
viduals; a similar situation was found in all HA individuals 
in the AD period (Table 1).

The prevalence of PP, PAA, and STB significantly var-
ied according to the different growth periods (p < 0.05, 
Table 2). Complete PP prevalence significantly increased 
(p < 0.05, Table 2 from the PrAD period (n = 9, 10.0%) 
to the PsAD period (n = 22, 24.4%). The absence of PAA 
decreased (p < 0.05, Table  2) from the PrAD period 
(n = 46, 51.1%) to the PsAD period (n = 34, 37.8%). Com-
plete STB prevalence increased (p < 0.05, Table 2) from 
the PrAD period (n = 10, 11.1%) to PsAD period (n = 19, 
21.1%). When the relationship between vertical skeletal Ta
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Fig. 1   Sample images for the method used for Ponticulus Posticus 
(PP) evaluation. a Atlanto-occipital ligament (Absence of PP view), 
which is not calcified. b Partially calcified atlanto-occipital ligament 

(incomplete form of PP view). c An atlanto-occipital ligament that 
has been fully calcified (complete form of PP view)

Fig. 2   Sample images for the method used for Posterior Arc of the Atlas (PAA) evaluation. a Image in the presence of a posterior arch in the 
Atlas (presence of PAA view). b Image of the absence of the posterior arch in the Atlas (absence of PAA view)

Fig. 3   Sample images for the method used for Sella Turcica Bridg-
ing (STB) evaluation. a Non-calcified interclinoid ligament (Absence 
of STB view). b Interclinoid ligament partially calcified (Incomplete 

form of STB view). c Interclinoid ligament that has been fully calci-
fied (Complete form of STB view)
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growth patterns of the face and CVAs were evaluated, PAA 
was significant (p < 0.05, Table 2), whereas there was no 
significant relationship between the PP and STB anomalies 
(p > 0.05, Table 2). The prevalence of PAA-absent in LA 
individuals (n = 42, 46.7%) was significantly higher than 
that in HA individuals (n = 24, 26.7%).

There was no significant relationship between vertical 
skeletal growth patterns and the PP anomaly when sepa-
rated by growth periods (p < 0.05, Table 3). Similarly, 
there was no significant relationship between vertical skel-
etal growth patterns and the PAA anomaly in the PrAD 
and AD periods (p > 0.05, Table 4), whereas a significant 
relationship was found in the PsAD period (p < 0.05, 
Table 4). PAA-present prevalence was found to be higher 
(p < 0.05, Table  4) in PsAD-HA individuals (n = 33, 
76.7%) than in PsAD-LA and PsAD-NA individuals (LA, 
n = 11, 36.7%; NA, n = 22, 73.3%). Moreover, there was 
no significant relationship between vertical skeletal growth 
patterns and the STB anomaly in the AD and PsAD peri-
ods (p > 0.05, Table 5), while a significant relationship 
was found in the PrAD period (p < 0.05, Table 5). The 
prevalence of STB-complete form in PrAD-LA individuals 
(n = 6, 20.0%) was higher (p < 0.05, Table 5) than that in 
PrAD-NA and PrAD-HA individuals (NA, n = 3, 10.0%; 
HA, n = 1, 3.3%).

Discussion

To the best of our knowledge, this was the first study that 
showed the difference between CVAs and vertical skeletal 
growth patterns of the face in different growth periods. 
In the previous studies, anomalies in the first four verte-
brae, also known as CV and sella turcica, and their rela-
tionship with medical and dental subjects, such as dental 
anomalies [17, 18, 22], craniofacial morphology [1, 5, 31], 
condylar morphology [32], cleft lip and palate anomaly 
[6], migraine [27], obstructive sleep apnea [33], elongated 
styloid process [28], neurosurgery [23], and TMDs [16]. 
were showed.

The incidence of CVAs significantly varied with the 
pubertal growth stage. From the pre-pubertal period to 
the post-pubertal period, the prevalence of fully calci-
fied PP increased. Our study found that the incidence 
of fully calcified PP and STB was higher in the PsAD 
period compared to the PrAD period. However, this find-
ing was different from that of the study conducted by 
Giudice et al. [14]. This difference was probably caused 
by racial and hereditary transmission differences in the 
data obtained from the previous studies in a similar soci-
ety [7, 12, 19, 21, 35]. According to Geist et al., since 

Table 2   Ponticulus posticus, posterior ach of the atlas bone, and sella turcica bridging among growth periods and vertical growth patterns

PP ponticulus posticus, PAA posterior arch of the atlas, STB sella turcica bridging, PCPearson’s chi-square test, FEFisher’s exact test
Statistical significance is p<0.05

Growth groups Preadolescent Adolescent Postadolescent Statistics

n % n % n % value p

PP No calcification (absent) 49 54.4 57 63.3 46 51.1 14.858 0.005PC

Incomplete 32 35.6 27 30.0 22 24.4
Complete 9 10.0 6 6.7 22 24.4

PAA Absent 46 51.1 11 12.2 34 37.8 31.460 <0.001PC

Present 44 48.9 79 87.8 56 62.6
STB Initial form 35 38.9 20 22.2 25 27.8 12.336 0.015 PC

Incomplete form 45 50.0 61 67.8 46 51.1
Complete form 10 11.1 9 10.0 19 21.1

Facial-type groups Low angle Norm angle High angle

n % n % n % value P

PP No calcification (absent) 53 58.9 47 52.2 52 57.8 1.509 0.825PC

Incomplete 27 30.0 28 31.1 26 28.9
Complete 10 11.1 15 16.7 12 13.3

PAA Absent 42 46.7 25 27.8 24 26.7 10.177 0.006PC

Present 48 53.3 65 72.2 66 73.3
STB Initial form 22 24.4 25 27.8 33 36.7 5.649 0.229PC

Incomplete form 55 61.1 55 61.1 42 46.7
Complete form 13 14.4 10 11.1 15 16.7
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cervical vertebral anomalies/variations can be affected by 
genetic background, they differ according to the ethnies 
or geographic origin and not according to demographic 
or site variables [12]. Li et al. also reported that differ-
ent variants and anomalies in the atlas bone occur fre-
quently with hereditary inheritance [19]. Thus, genetic 
variations can be seen more frequently in families, even if 
living in different populations and regions. The relation-
ship between skeletal malocclusions (classes I, II, and III) 
in the sagittal dimension with PP, STB, and/or PAA has 
been shown in the previous studies [2, 5, 6, 14, 20]. In the 
study of Meyer-Marcotty et al. [20], there is a significant 

relationship between sella turcica morphology and skeletal 
class III individuals. However, in the study by Alkofide 
[5], there is a significant relationship between sella mor-
phology and both class II and class III malocclusions.

According to the findings of our study, there was no sig-
nificant relationship between vertical skeletal growth pat-
terns of the face and PP, PAA, and STB in individuals in the 
AD period. However, while there was no significant relation-
ship between the vertical skeletal growth pattern of the face 
and PP and STB in individuals in the PsAD period, it was 
found that the prevalence of PAA was particularly high in 
HA individuals. In individuals in the PrAD period, there was 

Table 3   Ponticulus posticus 
in different growth periods 
according to vertical growth 
patterns

N number of subjects, PCPearson’s chi-square test, FEFisher’s exact test
Statistical significance is p<0.05

Ponticulus posticus Low angle Norm angle High angle Statistics

N % N % N % Value p

Preadolescent
No calcification (absent) 16 53.3 15 50.0 18 60.0 2.945 0.611FE

Incomplete calcification 11 36.7 10 33.3 11 36.7
Completely calcified 3 10.0 5 16.7 1 3.3
Total 30 100.0 30 100.0 30 100.0
Adolescent
No calcification (absent) 21 70.0 17 56.7 19 63.3 2.112 0.742FE

Incomplete calcification 8 26.7 11 36.7 8 26.7
Completely calcified 1 3.3 2 6.7 3 10.0
Total 30 100.0 30 100.0 30 100.0
Postadolescent
No calcification (absent) 16 53.3 15 50.0 15 50.0 0.498 0.974PC

Incomplete calcification 8 26.7 7 23.3 7 23.3
Completely calcified 6 20.0 8 26.7 8 26.7
Total 30 100.0 30 100.0 30 100.0

Table 4   Posterior ach of the 
atlas bone in different growth 
periods according to vertical 
growth patterns

n number of subject, PC Pearson’s chi-square test, FE Fisher’s exact test
Statistical significance is p<0.05

Low angle Norm angle High angle Statistics

n % n % n % Value p

Preadolescent
Absent 17 56.7 14 46.7 15 50.0 0.623 0.733PC

Present 13 43.3 16 53.3 15 50.0
Total 30 100.0 30 100.0 30 100.0
Adolescent
Absent 6 20.0 3 10.0 2 6.7 2.446 0.366FE

Present 24 80.0 27 90.0 28 93.3
Total 30 100.0 30 100.0 30 100.0
Postadolescent
Absent 19 63.3 8 26.7 7 23.3 12.574 0.002PC

Present 11 36.7 22 73.3 33 76.7
Total 30 100.0 30 100.0 30 100.0
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no significant relationship between vertical skeletal growth 
patterns of the face and PP and PAA, whereas STB preva-
lence was found to be significantly higher in LA individuals. 
In this study, the relationship between the CVAs and the 
vertical skeletal growth pattern of the face is assumed to 
be due to the close relation between the notochord struc-
ture and the vertebral and head structures formed by direct 
induction in the embryological period, as described by Kjaer 
in the previous studies for the relationship between sagittal 
skeletal malocclusion (in relation to PP or STB, separately) 
[2, 5, 14, 15, 23]. However, in these studies, the researchers 
evaluated CVAs independent of each other, and regardless 
of the differences, they may show according to their growth 
periods [25]. In the study by Sonnesson and Kjaer [30], a 
significant relationship is found between cervical vertebral 
morphology and skeletal open closure in an extremely wide 
age range. Although only skeletal open bite and control 
groups were evaluated in this study, unlike the findings of 
our study, there was no significant relationship between 
PAA and skeletal open bite. This was thought to be due to 
the small sample size and wide age range. In addition, the 
previous studies have shown a correlation between cervical 
skeletal maturation and chronological age from pre-adoles-
cence to post-adolescence period [26, 36]. For this reason, 
we evaluated the co-relations according to the growth peri-
ods of the patients. In our study, it was observed that PAA 
deficiency was significantly higher in LA individuals in the 
PsAD period than in other individuals in the PsAD period. 
Similarly, in another study by Sonnesen and Kjaer [29], an 
insufficient relationship between CVAs and skeletal deep 
closure was more common, although there was no significant 

relationship between skeletal deep closure and PAA; this 
too was thought to be due to the small sample size and wide 
age range.

Various studies have shown a relationship between CVAs 
and dental and craniofacial anomalies and skeletal malocclu-
sion and TMDs [1, 2, 16–18, 22, 31]. However, the current 
results obtained from our study found that CVAs differed 
between individuals in different growth periods and between 
individuals with different vertical skeletal growth patterns. 
It can be assumed that the presence of dental anomalies and 
PP, which is a clinically valuable finding for the clinical 
evaluation of the neck and cervical region, surgical proce-
dures, and cervicogenic headache migraine, is more accepta-
ble in the AD and PsAD periods than in the PrAD period [3, 
23, 27]. Unlike others, there is a relationship between PAA 
deficiency and TMD, and it can be used clinically in this 
regard [16]. When PAA deficiency, which is also a CVA, is 
evaluated in the PsAD period, LA is more common in indi-
viduals, whereas HA is less common. This shows that while 
individuals with different vertical skeletal growth patterns 
are evaluated for TMD, PAA deficiency can be considered 
as an additional factor.

The limitations in our study need to be acknowledged. 
In our study, unlike other studies [6, 7, 14, 23], instead of 
cone-beam computed tomography (CBCT) evaluation, LCRs 
that provide less harmful ionized radiation compared with 
the ALARA (As Low As Reasonably Achievable) princi-
ple were evaluated [10]. The use of CBCT is not possible 
in every clinic and facility, and because of its high radia-
tion rate, it is less desirable, especially during the initial 
radiographic evaluation [24]. However, LCRs are easier to 

Table 5   Posterior ach of the 
atlas bone in different growth 
periods according to vertical 
growth patterns Sella turcica 
bridging in different growth 
periods according to vertical 
growth patterns

n number of subjects, PC Pearson’s chi-square test, FE Fisher’s exact test
Statistical significance is p<0.05

Sella turcica bridging Low angle Norm angle High angle Statistics

n % n % n % Value p

Preadolescent
Initial form 5 16.7 11 36.7 19 63.4 14.771 0.004FE

Partial form 19 63.3 16 53.3 10 33.3
Complete form 6 20.0 3 10.0 1 3.3
Total 30 100.0 30 100.0 30 100.0
Adolescent
Initial form 9 30.0 4 13.3 7 23.3 5.079 0.271FE

Partial form 20 66.7 23 76.7 19 60.0
Complete form 1 3.3 3 10.0 5 16.7
Total 30 100.0 30 100.0 30 100.0
Postadolescent
Initial form 8 26.7 10 33.3 7 23.3 2.734 0.603PC

Partial form 16 53.3 16 53.4 14 46.7
Complete form 6 20.0 4 13.3 9 30.0
Total 30 100.0 30 100.0 30 100.0
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access and evaluate and safer for patients [13]. Although 
this is a limitation for us, it is an extremely valuable finding 
for the first radiographic examination. Nevertheless, the use 
of CBCT may be recommended for more detailed clinical 
examination and three-dimensional definitive evaluation 
[1]. In this study, only vertical skeletal growth pattern dif-
ferences in terms of skeletal malocclusion were evaluated. 
Additionally, with further studies, evaluations can be made 
by creating different groups of malocclusions in sagittal and 
vertical dimensions.

In conclusion, new relationships not previously men-
tioned between CVAs and facial vertical skeletal growth pat-
tern were described. The prevalence of the completely calci-
fied PP and STB increased from the PrAD period to PsAD 
period. Evaluation of PAA deficiency was more meaningful 
in individuals with different vertical skeletal growth pat-
terns in the PsAD period. Evaluation of STB anomaly was 
more meaningful in PrAD individuals with different vertical 
skeletal growth patterns. Evaluation of PP, STB, and PAA 
anomalies was more meaningful in the PsAD period. The 
clinical significance of PAA deficiency was significant in 
NA and HA individuals in the AD and PsAD periods. LCR 
evaluation was found to be used in the diagnosis of CVAs. 
This information would be useful in the future in not only 
orthodontic treatment planning but also other diagnostic 
areas.

Author contributions  All the authors have made substantial contribu-
tions to the study. TO: data collection, TO and AOA: data Analysis. 
AOA, TO and AY: project development, study design, and manuscript 
writing and editing.

Funding  There are no financial or other relations that could lead to a 
conflict of interest.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  This study was performed in line with the principles 
of the Declaration of Helsinki. The study procedure was approved by 
the Erciyes University Ethics Committee, Kayseri, Turkey (Approval 
No: 2019/394).

Informed consent  Informed consent was not obtained from the 
patients, because it was a retrospective study.

References

	 1.	 Adisen MZ, Misirlioglu M (2017) Prevalence of ponticulus pos-
ticus among patients with different dental malocclusions by digi-
tal lateral cephalogram: a comparative study. Surg Radiol Anat 
39:293–297. https​://doi.org/10.1007/s0027​6-016-1728-4

	 2.	 Adisen SR, Adisen MZ, Ozdiler FE (2018) The evaluation of 
the relationship between cervical vertebral anomalies with skel-
etal malocclusion types and upper airway dimensions. Cranio 
2018:1–9. https​://doi.org/10.1080/08869​634.2018.15031​36

	 3.	 Ahmad FU, Wang MY (2014) Lateral mass of C1 fixation and 
ponticulus-posticus. World Neurosurg 82:e145–146. https​://doi.
org/10.1016/j.wneu.2014.02.011

	 4.	 Akarsu-Guven B, Karakaya J, Ozgur F, Aksu M (2019) Upper 
airway features of unilateral cleft lip and palate patients in dif-
ferent growth stages. Angle Orthod 89:575–582. https​://doi.
org/10.2319/02251​8-155.1

	 5.	 Alkofide EA (2007) The shape and size of the sella turcica in 
skeletal Class I, Class II, and Class III Saudi subjects. Eur J 
Orthod 29:457–463. https​://doi.org/10.1093/ejo/cjm04​9

	 6.	 Bayrakdar İŞ, Yasa Y, Duman ŞB, Karaturgut UE, Ocak A, 
Yılmaz SG (2018) Cone beam computed tomography evalua-
tion of ponticulus posticus in patients with cleft lip and palate: 
a retrospective radio-anatomic study. Folia Morphol (Warsz) 
77:72–78. https​://doi.org/10.5603/FM.a2017​.0076

	 7.	 Bayrakdar IS, Miloglu O, Altun O, Gumussoy I, Durna D, 
Yilmaz AB (2014) Cone beam computed tomography imaging 
of ponticulus posticus: prevalence, characteristics, and a review 
of the literature. Oral Surg Oral Med Oral Pathol Oral Radiol 
118:e210–e219. https​://doi.org/10.1016/j.oooo.2014.09.014

	 8.	 Celikoglu M, Bayram M, Sekerci AE, Buyuk SK, Toy E (2014) 
Comparison of pharyngeal airway volume among different verti-
cal skeletal patterns: a cone-beam computed tomography study. 
Angle Orthod 284:782–787. https​://doi.org/10.2319/10101​
3-748.1

	 9.	 Cederberg RA, Benson BW, Nunn M, English JD (2003) 
Calcification of the interclinoid and petroclinoid ligaments 
of sella turcica: a radiographic study of the prevalence. 
Orthod Craniofac Res 6:227–232. https​://doi.org/10.103
4/j.1600-0544.2003.00243​.x

	10.	 Farman AG (2005) ALARA still applies. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 100:395–397. https​://doi.
org/10.1016/j.tripl​eo.2005.05.055

	11.	 Franchi L, Baccetti T, McNamara JA Jr (2000) Mandibular 
growth as related to cervical vertebral maturation and body 
height. Am J Orthod Dentofacial Orthop 118:335–340. https​://
doi.org/10.1067/mod.2000.10700​9

	12.	 Geist JR, Geist S-MRY, Lin L-M (2014) A cone beam CT 
investigation of ponticulus posticus and lateralis in children 
and adolescents. Dentomaxillofac Radiol 43:20130451. https​
://doi.org/10.1259/dmfr.20130​451

	13.	 Giri J, Pokharel PR, Gyawali R (2017) How common is ponticu-
lus posticus on lateral cephalograms? BMC Res Notes 10:172. 
https​://doi.org/10.1186/s1310​4-017-2494-z

	14.	 Giudice AL, Caccianiga G, Crimi S, Cavallini C, Leonardi R 
(2018) Frequency and type of ponticulus posticus in a longitu-
dinal sample of nonorthodontically treated patients: relationship 
with gender, age, skeletal maturity, and skeletal malocclusion. 
Oral Surg Oral Med Oral Pathol Oral Radiol 126:291–297. https​
://doi.org/10.1016/j.oooo.2018.05.001

	15.	 Kjær I (1999) Neuro-osteology – Developmental Interrelation-
ships between Nerve Tissue and Hard Tissue in the Human 
Body Axis [Doctoral thesis]. University of Copenhagen, 
Copenhagen

	16.	 Kim JR, Jo JH, Chung JW, Park JW (2019) Upper cervical spine 
abnormalities as a radiographic index in the diagnosis and treat-
ment of temporomandibular disorders. Oral Surg Oral Med Oral 
Pathol Oral Radiol. https​://doi.org/10.1016/j.oooo.2019.10.004

	17.	 Leonardi R, Barbato E, Vichi M, Caltabiano M (2009) Skeletal 
anomalies and normal variants in patients with palatally displaced 
canines. Angle Orthod 79:727–732. https​://doi.org/10.2319/08240​
8-448.1

https://doi.org/10.1007/s00276-016-1728-4
https://doi.org/10.1080/08869634.2018.1503136
https://doi.org/10.1016/j.wneu.2014.02.011
https://doi.org/10.1016/j.wneu.2014.02.011
https://doi.org/10.2319/022518-155.1
https://doi.org/10.2319/022518-155.1
https://doi.org/10.1093/ejo/cjm049
https://doi.org/10.5603/FM.a2017.0076
https://doi.org/10.1016/j.oooo.2014.09.014
https://doi.org/10.2319/101013-748.1
https://doi.org/10.2319/101013-748.1
https://doi.org/10.1034/j.1600-0544.2003.00243.x
https://doi.org/10.1034/j.1600-0544.2003.00243.x
https://doi.org/10.1016/j.tripleo.2005.05.055
https://doi.org/10.1016/j.tripleo.2005.05.055
https://doi.org/10.1067/mod.2000.107009
https://doi.org/10.1067/mod.2000.107009
https://doi.org/10.1259/dmfr.20130451
https://doi.org/10.1259/dmfr.20130451
https://doi.org/10.1186/s13104-017-2494-z
https://doi.org/10.1016/j.oooo.2018.05.001
https://doi.org/10.1016/j.oooo.2018.05.001
https://doi.org/10.1016/j.oooo.2019.10.004
https://doi.org/10.2319/082408-448.1
https://doi.org/10.2319/082408-448.1


125Surgical and Radiologic Anatomy (2021) 43:117–125	

1 3

	18.	 Leonardi R, Farella M, Cobourne MT (2011) An association 
between sella turcica bridging and dental transposition. Eur J 
Orthod 33:461–465. https​://doi.org/10.1093/ejo/cjq10​6

	19.	 Li S, Li W, Sun J (1995) Operative treatment for cervical vertigo 
caused by foramen arcuale. Zhonghua Wai Ke Za Zhi 33:137–139

	20.	 Meyer-Marcotty P, Reuther T, Stellzig-Eisenhauer A (2010) 
Bridging of the sella turcica in skeletal Class III subjects. Eur J 
Orthod 32:148–153. https​://doi.org/10.1093/ejo/cjp08​1

	21.	 Oh E, Ahn S-J, Sonnesen L (2018) Ethnic differences in crani-
ofacial and upper spine morphology in children with skeletal 
Class II malocclusion. Angle Orthod 88:283–291. https​://doi.
org/10.2319/08301​7-584.1

	22.	 Ozturk T, Atilla AO, Yagci A (2020) Cervicovertebral anoma-
lies and/or normal variants in patients with congenitally bilat-
eral absent maxillary lateral incisors: A comparative lateral 
cephalometric study. Angle Orthod 90:383–389. https​://doi.
org/10.2319/06191​9-418.1

	23.	 Pękala PA, Henry BM, Pękala JR et al (2017) Prevalence of 
foramen arcuale and its clinical significance: a meta-analysis 
of 55,985 subjects. J Neurosurg Spine 27:276–290. https​://doi.
org/10.3171/2017.1.SPINE​16109​2

	24.	 Pittayapat P, Willems G, Alqerban A et al (2014) Agreement 
between cone beam computed tomography images and panoramic 
radiographs for initial orthodontic evaluation. Oral Surg Oral Med 
Oral Pathol Oral Radiol 117:111–119. https​://doi.org/10.1016/j.
oooo.2013.10.016

	25.	 Proffit WR, Fields HW Jr, Sarver DM (2012) Contemporary 
Orthodontics, 5e. Elsevier, India

	26.	 Román PS, Palma JC, Oteo MD, Nevado E (2002) Skeletal 
maturation determined by cervical vertebrae development. Eur J 
Orthod 24:303–311. https​://doi.org/10.1093/ejo/24.3.303

	27.	 Sabir H, Kumbhare S, Rout P (2014) Evaluation of ponticulus 
posticus on digital lateral cephalograms and cone beam computed 
tomography in patients with migraine and healthy individuals: a 
comparative study. Oral Surg Oral Med Oral Pathol Oral Radiol 
118:348–354. https​://doi.org/10.1016/j.oooo.2014.04.016

	28.	 Sekerci AE, Soylu E, Arikan MP, Aglarci OS (2015) Is there 
a relationship between the presence of ponticulus posticus and 

elongated styloid process? Clin Imaging 39:220–224. https​://doi.
org/10.1016/j.clini​mag.2014.11.016

	29.	 Sonnesen L, Kjær I (2007) Cervical vertebral body fusions in 
patients with skeletal deep bite. Eur J Orthod 29:464–470. https​
://doi.org/10.1093/ejo/cjm04​3

	30.	 Sonnesen L, Kjaer I (2008) Cervical column morphology in 
patients with skeletal open bite. Orthod Craniofac Res 11:17–23. 
https​://doi.org/10.1111/j.1601-6343.2008.00409​.x

	31.	 Sonnesen L (2010) Associations between the cervical vertebral 
column and craniofacial morphology. Int J Dent. https​://doi.
org/10.1155/2010/29572​8

	32.	 Sonnesen L, Pedersen CE, Kjær I (2007) Cervical column mor-
phology related to head posture, cranial base angle, and condylar 
malformation. Eur J Orthod 29:398–403. https​://doi.org/10.1093/
ejo/cjm01​0

	33.	 Sonnesen L, Jensen KE, Petersson AR, Petri N, Berg S, Svanholt 
P (2013) Cervical vertebral column morphology in patients with 
obstructive sleep apnoea assessed using lateral cephalograms 
and cone beam CT A comparative study. Dentomaxillofac Radiol 
42:20130060. https​://doi.org/10.1259/dmfr.20130​060

	34.	 Tassoker M, Kok H, Ozcan S (2017) Investigation of the relation-
ship between “Sella Turcica Bridge” and “Ponticulus Posticus”: 
A Lateral Cephalometric Study. Int J Morphol 35:337–344. https​
://doi.org/10.4067/S0717​-95022​01700​01000​53

	35.	 Wysocki J, Bubrowski M, Reymond J, Kwiatkowski J (2003) Ana-
tomical variants of the cervical vertebrae and the first thoracic 
vertebra in man. Folia Morphol (Warsz) 62:357–363

	36.	 Wong RW, Alkhal HA, Rabie ABM (2009) Use of cervical verte-
bral maturation to determine skeletal age. Am J Orthod Dentofa-
cial Orthop 136:484e1–484e6. https​://doi.org/10.1016/j.ajodo​
.2007.08.033

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/ejo/cjq106
https://doi.org/10.1093/ejo/cjp081
https://doi.org/10.2319/083017-584.1
https://doi.org/10.2319/083017-584.1
https://doi.org/10.2319/061919-418.1
https://doi.org/10.2319/061919-418.1
https://doi.org/10.3171/2017.1.SPINE161092
https://doi.org/10.3171/2017.1.SPINE161092
https://doi.org/10.1016/j.oooo.2013.10.016
https://doi.org/10.1016/j.oooo.2013.10.016
https://doi.org/10.1093/ejo/24.3.303
https://doi.org/10.1016/j.oooo.2014.04.016
https://doi.org/10.1016/j.clinimag.2014.11.016
https://doi.org/10.1016/j.clinimag.2014.11.016
https://doi.org/10.1093/ejo/cjm043
https://doi.org/10.1093/ejo/cjm043
https://doi.org/10.1111/j.1601-6343.2008.00409.x
https://doi.org/10.1155/2010/295728
https://doi.org/10.1155/2010/295728
https://doi.org/10.1093/ejo/cjm010
https://doi.org/10.1093/ejo/cjm010
https://doi.org/10.1259/dmfr.20130060
https://doi.org/10.4067/S0717-95022017000100053
https://doi.org/10.4067/S0717-95022017000100053
https://doi.org/10.1016/j.ajodo.2007.08.033
https://doi.org/10.1016/j.ajodo.2007.08.033

	Comparison of cervical vertebral anomalies and sella turcica bridging in different growth stages with various vertical skeletal growth patterns
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analyses

	Results
	Discussion
	References




