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Abstract
Objectives  Sella turcica bridging occurs with fusion or calcification of the anterior and posterior clinoid processes in the 
middle cranial region. This study aimed to compare the cephalometric parameters among normal shape, partial bridge, and 
total bridge of the sella turcica in adolescent and young adult subjects.
Methods  This retrospective study was performed on the lateral cephalometric radiographs of 410 Turkish adolescent and 
young adult subjects. The subjects were divided into three groups: normal sella turcica shape (128 females, 32 males; mean 
age: 17.7 ± 1.54 years), partial sella turcica bridge (129 females, 32 males; mean age: 17.8 ± 2.15 years), and total sella turcica 
bridge (66 females, 23 males; mean age: 18.2 ± 1.82 years). Thirteen angular and eight linear cephalometric measurements 
were performed using a cephalometric software program. The data were analyzed by one-way analysis of variance, and the 
Kruskal–Wallis test with the Bonferroni correction.
Results  Significant differences were found for Nperp–A distance, Nperp–Pg distance, and palatal plane-to-anterior cranial 
base angle among the groups (p < 0.016). There were no significant differences in the cephalometric parameters between 
the partial and total sella turcica bridging groups (p > 0.05).
Conclusions  This study evaluated a large amount of data for cephalometric measurements focusing on the degree of calci-
fication of the sella turcica in adolescent and young adult subjects. The maxilla and mandible were located in a sagittally 
retrusive position in the partial and total sella turcica bridge subjects compared with the normal sella turcica shape subjects.
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Introduction

The sella turcica, which hosts the pituitary gland, is a saddle-
shaped anatomical region in the sphenoid bone located in the 
middle cranial fossa of the skull [1]. It consists of anterior 
and posterior clinoid extensions and the central pituitary 
gland. The clinoid extensions are connected to one another 
by a dura mater horizontal layer defined as the interclinoid 
dural layer, interclinoid ligament, or fibrous ligament [2]. 
Regarding the name, the word “Sella” is derived from the 
Latin word “sedes” or “sedula”, meaning armchair, stool or 
saddle, and the word “Turcica” means Turkish [3]. The sella 

point, which is located in the geometric center of the sella 
turcica, is frequently used as an anatomical reference point 
in orthodontic and orthognathic surgery planning. The sella 
turcica morphology is important for not only evaluation of 
cranial morphology and late-period growth changes, but also 
orthodontic and orthognathic treatment results [4].

Studies have shown that the sella turcica morphology 
does not undergo any significant changes after 12 years of 
age, and that its anterior wall is stable from 5 years of age 
[5]. Many researchers who examined lateral cephalometric 
radiographs of children and adults have described morpho-
logical variations of the sella turcica, including calcification 
of the interclinoid ligaments or sella turcica bridging (STB) 
[6]. STB occurs when the anterior and posterior clinoid 
extensions become merged. The anatomy of the sella turcica 
can vary among individuals, and the sizes and shapes of the 
clinoid extensions can also vary [5].

While the prevalence of STB generally ranges from 1.1 
to 13%, its incidence is increased in people with severe 
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craniofacial deviation [7, 8]. Changes in the sella turcica 
morphology frequently arise through congenital malforma-
tions. Syndromes may be present in patients with altered 
sella turcica morphology or STB [9]. Severe morphological 
variations of the sella turcica are more frequently observed 
in syndromic patients such as those with Down syndrome, 
Williams syndrome, Seckel syndrome, and Axenfeld–Rieger 
syndrome [1, 9].

The sella turcica and teeth originate and develop from 
neural crest cells. The anterior part of the sella turcica devel-
ops completely from neural crest cells, while the progeni-
tor cells for tooth epithelia differentiate through consecu-
tive and mutual interactions with the neural crest-derived 
mesenchyme. There may be correlations between anatomic 
deviations in the sella turcica and craniofacial structure or 
dental anomalies. This possibility has led many research-
ers to investigate the relationships between STB and dental 
anomalies. Studies have proven the presence of associations 
between STB and palatally impacted canine teeth and dental 
transposition [7]. Furthermore, any cranial structural devia-
tion in the anterior wall of the sella turcica is considered 
to be associated with deviation in the craniofacial anatomy 
because it develops from neural crest cells in the early 
embryonic period in the anterior wall area of sella turcica.

The development of the craniofacial region may be 
related to the development of the sella turcica. Malforma-
tions in sella turcica development may affect the maxillary, 
mandibular, and nasal anatomic regions and other related 
craniofacial structures [10]. The purpose of the present study 
was to compare the orthodontic cephalometric values in ado-
lescent and young adult subjects with partial or total STB 
with those in individuals with a normal sella turcica shape.

Methods

This retrospective study was carried out on Turkish ado-
lescent and young adult subjects by selecting pretreatment 
records containing digital lateral cephalometric radiographs 

for measurement of the sella turcica dimensions in the 
Orthodontics Department archive of Ordu University, Ordu, 
from November 2012 to June 2017. The inclusion criteria 
were good-quality lateral cephalometric radiographs. The 
exclusion criteria were history of orthodontic treatment 
or orthognathic surgery, craniofacial anomaly, congenital 
syndrome, history of facial trauma, skull surgery, and poor-
quality lateral cephalometric radiographs.

The sample size was calculated by a power analysis using 
G*Power Software version 3.1.9.2 (Universität Düsseldorf, 
Düsseldorf, Germany) for the SN–GoMe angle with an 
alpha error probability of 0.05 and a power of 85% [11]. 
The power analysis showed that a minimum of 85 subjects 
per group was required for the study. The study subjects 
were divided into three groups according to the calcification 
of the anterior and posterior processes of the sella turcica 
as normal sella turcica shape (128 females, 32 males; mean 
age: 17.7 ± 1.54 years), partial STB (129 females, 32 males; 
mean age: 17.8 ± 2.15 years), and total STB (66 females, 23 
males; mean age: 18.2 ± 1.82 years).

The lateral cephalometric radiographs were obtained 
by the same technician using the same cephalometric film 
device (Kodak 8000C Digital Panoramic and Cephalomet-
ric System, Cephalostat; Corestream Health Inc., Rochester, 
NY, USA). All participants were positioned in the cepha-
lostat with the sagittal plane at a right angle to the X-ray 
path, the Frankfort plane parallel to the ground plane, the 
teeth in centric occlusion, and the lips in the rest position.

In this study, the standard scale developed by Leonardi 
et al. [12] was used to evaluate the degree of STB. Accord-
ing to the sella turcica anatomical shape, the sella turcica 
was divided into three groups (Fig. 1): normal sella turcica 
shape (no calcification), length greater than three-quarters 
of the diameter; partial STB (partial calcification), length 
less than or equal to three-quarters of the diameter; total 
STB (complete calcification), visible contact between the 
tuberculum sella and the dorsum sella.

All lateral cephalometric radiographs were traced, land-
marked, and measured by the same researcher (A.K.) with 

Fig. 1   a Normal sella turcica (no calcification). b Partial sella turcica bridge (partial calcification). c Total sella turcica bridge (complete calcifi-
cation)
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4 years of experience in orthodontics. The craniofacial 
parameters were evaluated with Facad trial version 3.8 soft-
ware (Ilexis AB, Linkoping, Sweden) as shown in Fig. 2.

Statistical analysis

All measurements were analyzed by entering the data into 
SPSS for Windows version 20.0 software (IBM Corp., 
Armonk, NY, USA). After performing a normal distribu-
tion test, non-parametric tests were applied to parameters 
with a non-normal distribution, and parametric tests were 
applied to parameters with a normal distribution. The 
data were analyzed by one-way analysis of variance, and 
the Kruskal–Wallis test with the Bonferroni correction for 
multiple comparisons. Values of p < 0.05 were considered 
significant.

Results

The study was carried out on lateral cephalometric radio-
graphs of 410 individuals (323 females and 87 males) with 
randomly selected normal sella turcica shape, partial STB, 
and total STB according to the inclusion criteria among a 
total of 2918 lateral cephalometric radiographs. The demo-
graphic characteristics of the subjects in the three groups are 
shown in Table 1. There was no significant difference in age 
among the groups (p > 0.05).

The cephalometric parameters are shown in Table 2. 
Nperp–A distance, palatal plane-to-SN angle, and anterior 
facial height differed significantly between the subjects 
with normal sella turcica shape and partial STB (p < 0.05). 

Nperp–A distance and palatal plane-to-SN angle also dif-
fered significantly between subjects with normal sella tur-
cica shape and total STB (p < 0.016). Nperp–Pg distance 
differed significantly among the groups (p < 0.016). There 
were no significant differences in the cephalometric param-
eters between the partial and total STB groups (p > 0.05).

Discussion

When STB is considered in terms of etiology, the bridge 
forms in cartilage during early developmental stages, and 
subsequently undergoes ossification during early child-
hood. The ossification may change depending on the com-
plex embryology of the sphenoid bone. According to this 
theory, STB can be considered a developmental anomaly. 
In addition, because the anterior wall of the sella turcica 
is predominantly composed of neural crest cells during the 
early embryological period, it is considered that structural 
deviations in the anterior wall arise through certain devia-
tions in the facial skeleton [10].

There are several possible reasons for STB observation. 
The most important is apparent fusion between the anterior 
and posterior structures observed on lateral cephalometric 
radiographs by superposition of the structures, although 
there is no real bone fusion between these structures. The 
second is that STB is a malformation arising during the 
prenatal period. The whole cranial base is formed from a 
cartilage structure around the fifth fetal week. Platzer [13] 
reported that there was a connection between the cartilage 
primordium and STB. Lang and Tisch-Rottensteiner [14] 
reported that STB was even observed in a newborn.

Müller [15] conducted a study on 1040 radiographs to 
determine the relationships between STB and ophthalmic 
symptoms and found direct bone STB at a rate of 3.85% 
and pseudo-bridging at a rate of 3.2%. However, the author 
did not report any relationships between existence of STB 
and ophthalmologic symptoms. In another study, the sella 
turcica area was examined by direct inspection, and the STB 
incidence was between 1.75 and 6% [2]. Although the preva-
lence of STB varied between 1.1 and 13% in the general 

Fig. 2   Lateral cephalometric orthodontic parameters. (1) Nperp–A 
distance; (2) Nperp–Pg distance; (3) palatal plane-to-anterior cranial 
base angle

Table 1   Distributions of normal sella turcica shape and sella turcica 
bridges

a Pearson Chi-square test
b One-way analysis of variance parametric test

Sella turcica type Sex (male/female) Age (years) n

Normal sella turcica shape 32/128 17.66 ± 1.54 160
Partial sella turcica bridge 32/129 17.89 ± 2.15 161
Total sella turcica bridge 23/66 18.19 ± 1.82 89
p 0.480a 0.091b 410
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Table 2   Comparison of skeletal 
craniofacial parameters among 
the groups

Measurements Group n Mean SD p Post hoc test

N–P N–T P–T

SNA (°) Normal shape 160 81.69 3.55
Partial bridge 161 81.54 3.69 0.482* 0.707 0.223 0.394
Total bridge 89 80.98 3.50

SNB (°) Normal shape 160 78.73 3.60
Partial bridge 161 78.43 3.64 0.452b 0.769 0.463 0.819
Total bridge 89 78.13 3.92

ANB (°) Normal shape 160 2.95 1.77
Partial bridge 161 3.12 2.95 0.671a 0.388 0.743 0.621
Total bridge 89 2.87 3.14

Wits (mm) Normal shape 160 − 0.72 3.53
Partial bridge 161 − 0.95 3.91 0.760a 0.454 0.963 0.664
Total bridge 89 − 0.82 4.82

Nperp–A distance (mm) Normal shape 160 − 0.16 3.04
Partial bridge 161 − 1.13 3.45 0.000a 0.006 0.000 0.065
Total bridge 89 − 1.93 3.55

Nperp–Pg distance (mm) Normal shape 160 − 4.09 6.08
Partial bridge 161 − 5.67 5.87 0.003b 0.070 0.005 0.422
Total bridge 89 − 6.74 6.68

SL (mm) Normal shape 160 45.92 8.08
Partial bridge 161 45.98 7.84 0.809b 0.997 0.860 0.825
Total bridge 89 45.35 6.93

SE (mm) Normal shape 160 17.34 3.21
Partial bridge 161 17.82 3.09 0.329b 0.428 0.482 0.994
Total bridge 89 17.87 3.79

Convexity (°) Normal shape 160 4.29 4.73
Partial bridge 161 4.27 6.77 0.613b 0.999 0.659 0.680
Total bridge 89 3.57 6.68

Face axis (°) Normal shape 160 79.69 3.76
Partial bridge 161 79.60 3.64 0.750b 0.976 0.755 0.852
Total bridge 89 79.33 3.73

SN–GoMe angle (°) Normal shape 160 33.72 6.22
Partial bridge 161 33.14 6.36 0.573b 0.710 0.971 0.641
Total bridge 89 33.93 6.26

Palatal plane–SN angle (°) Normal shape 160 8.14 3.65
Partial bridge 161 6.96 3.58 0.001b 0.001 0.005 0.835
Total bridge 89 7.07 3.19

Palatal plane–GoMe angle 
(°)

Normal shape 160 25.62 6.00
Partial bridge 161 26.18 6.85 0.327b 0.731 0.333 0.716
Total bridge 89 26.86 5.77

Gonial angle (°) Normal shape 160 126.10 7.06
Partial bridge 161 127.11 7.75 0.181b 0.494 0.203 0.734
Total bridge 89 127.90 8.18

Saddle angle (°) Normal shape 160 122.87 5.62
Partial bridge 161 122.97 5.93 0.979b 0.988 0.983 0.999
Total bridge 89 123.02 6.09

Articular angle (°) Normal shape 160 144.74 6.84
Partial bridge 161 143.06 8.18 0.079b 0.129 0.211 0.998
Total bridge 89 143.00 7.15



249Oral Radiology (2019) 35:245–250	

1 3

population [7], the incidence was increased in individuals 
with severe craniofacial anomaly [8]. In our study, the inci-
dence of partial STB was 5.52%, while the incidence of total 
STB was 3.05%.

Recent studies have examined the associations among 
STB, craniofacial structures, and genetic and developmen-
tal syndromes that affect systemic disorders. Earlier studies 
showed that many dental anomalies like tooth transposi-
tion, hypodontia, and mandibular second premolar agenesis 
were associated with interclinoid calcification. Ali et al. [16] 
found that the incidence of STB was increased in patients 
with palatally impacted canine teeth, and that the incidence 
of partial and total STB was 54.8% and 25.8%, respectively. 
However, Leonardi et al. [9] found the incidence of total 
STB was 17.6% in adolescents with dental anomalies, com-
pared with 9.9% in control subjects. Similarly, Scribante 
et al. [7] described that STB was frequently found in patients 
with dental anomalies. They reported that the prevalences 
of partial and total STB were 56% and 13%, respectively, 
in patients with palatally impacted canines. They further 
reported that the prevalences of partial and total STB were 
57% and 9%, respectively, in patients with upper lateral inci-
sor agenesis.

The occurrence of STB in very early periods of life 
can alert clinicians to the possible development of den-
tal anomalies and craniofacial deviations in later peri-
ods of life because these phenomena are associated with 
one another. Changes in sella turcica size are frequently 

associated with pathology and syndromes. While the 
majority of these conditions are not associated with life-
threatening situations, some may cause pituitary apoplex-
ies (necrosis and hemorrhage) that require urgent treat-
ment [3].

The type of skeletal malocclusion appears to play an 
important role in the prevalence of STB. Abdel-Kader [17] 
reported that higher percentages of STB were found in sub-
jects with skeletal class III than in subjects with skeletal 
class II and bimaxillary protrusion orthognathic surgery. 
Moreover, Meyer-Marcotty et al. [18] concluded that skel-
etal class III patients presented a significantly higher STB 
rate of 16.8% compared with the rate of 9.4% in skeletal 
class I patients. Patients with surgically repaired unilateral 
cleft lip and palate also had a higher incidence of STB [19]. 
We found significant differences for Nperp–A distance, 
Nperp–Pg distance, and palatal plane-to-anterior cranial 
base angle measurements among the groups. We consider 
that STB can affect the development of the maxilla, mandi-
ble, and other craniofacial structures, because the sella tur-
cica and craniofacial region originate from neural crest cells.

In conclusion, the degree of calcification of the sella tur-
cica in orthodontic adolescent subjects can provide informa-
tion about the cephalometric parameters of these subjects. 
This study is the first to compare the degree of calcification 
of the sella turcica in adolescent and young adult subjects 
with respect to their cephalometric parameters. The maxilla 
and mandible were located in a sagittal retrusive position in 

SD standard deviation, N normal sella turcica shape, P partial bridge, T total bridge, N–P comparison 
between normal sella turcica shape and partial bridge groups, N–T comparison between normal sella tur-
cica shape and total bridge groups, P–T comparison between partial bridge and total bridge groups
a Kruskal–Wallis non-parametric test
b One-way analysis of variance parametric test

Table 2   (continued) Measurements Group n Mean SD p Post hoc test

N–P N–T P–T

Total angle (°) Normal shape 160 393.72 6.22
Partial bridge 161 393.14 6.36 0.573b 0.710 0.971 0.641
Total bridge 89 393.92 6.26

FMA (°) Normal shape 160 25.62 5.58
Partial bridge 161 25.85 6.19  0.170a  0.629  0.054  0.177
Total bridge 89 26.91 6.40

Posterior face height (mm) Normal shape 160 74.24 6.84
Partial bridge 161 74.33 5.72 0.696a 0.934 0.402 0.487
Total bridge 89 73.84 5.96

Anterior face height (mm) Normal shape 160 111.85 8.71
Partial bridge 161 110.64 6.85  0.132a  0.044  0.384  0.413
Total bridge 89 110.98 6.97

Anterior cranial base (mm) Normal shape 160 67.20 11.21
Partial bridge 161 64.82 3.29 0.217a 0.082 0.335 0.648
Total bridge 89 64.83 3.76
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partial and total STB subjects compared with normal shape 
sella turcica subjects.
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