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Introduction. The sella turcica is one of the important landmarks of lateral cephalometry, which is used in orthodontics for the
diagnosis, treatment plan, and evaluation of skeletal development and maturity. The purpose of the present study is to investigate
the relationship between the dimensions and morphology of sella turcica with the long-face growth pattern and people with
an open bite. This study also examines the relationship between sella turcica bridging (STB) and the vertical growth pattern.
Methods. As many as 153 radiographs were analyzed using the Romexis software, considering the basal, gonial, and FMA angles to
determine the vertical growth pattern of the face. The basal angle was also used to check for an open bite. Of these patients, 80 had a
long vertical face growth pattern, and 73 had a normal face growth pattern. The four landmarks of tuberculum sellae, dorsum
sellae, sellae floor, and posterior clinoid were determined on the cephalograms to measure the length, depth, and anteroposterior
diameter of the sella turcica. Results. In this study, it was found that the chance of developing a long face in people with partial and
complete bridging is 8.37 and 1.92, respectively. An increase in the length of the sella turcica for one unit decreases the chance of a
long face, and as the depth of the sella turcica increases, the chance of a long face increases. Conclusions. STB is frequently seen in
people with long faces. However, this finding should be considered in relation to other diagnostic parameters. The shorter the
length and higher the depth of sella turcica, the higher the chance of developing a long face.

1. Introduction

The primary purpose of cephalometry is to research the
growth pattern of the skull and face complex. Lateral cepha-
lometry is the most common radiography in orthodontics for
the diagnosis, treatment plan, and evaluation of skeletal
development and maturity [1]. Cephalometric analysis uses
landmarks to evaluate the position of the maxilla and man-
dible and their relationship with each other and the skull.
These landmarks measure the location and position of

specific structures, such as the maxilla or mandible, in rela-
tion to the cranium or themselves. The sella point (S), located
in the sphenoid bone’s sella cavity, is a common landmark
used in cephalometric tracing [2].

According to studies conducted in this area, ossification
in the tuberculum of the sella and bone resorption in the
posterior parts of the sella reach their peak between the ages
of 16 and 18 years [3, 4]. The morphology of sella turcica is
formed at the beginning of embryonic development, and
there will be almost no significant changes after the age of
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12 years. The morphology of sella turcica is important in
evaluating the morphology of the skull and late developmen-
tal changes [5, 6].

The development of brain tissue is closely related to the
surrounding bone, and analyzing the bone can identify any
congenital malformations in brain development. Therefore,
abnormal shapes of the cranium base and sella turcica should
be considered when evaluating craniofacial malformations
[7]. Any disorder or disease in the pituitary gland can be
manifested as a change in the shape or size of the sella tur-
cica. Therefore, in addition to orthodontic treatments, it is
important to evaluate the lateral cephalometric radiography
of the patient in order to examine the abnormal and patho-
logical conditions of the pituitary gland [8].

An increase in the size of the sella turcica in lateral ceph-
alometric radiography can indicate diseases that cause an
increase in pituitary hormone secretion. Additionally, radio-
graphic images may show an enlarged sella turcica in cases of
tumors such as pituitary macroadenoma, craniopharyn-
gioma, intrasellar aneurysm, and meningioma. Conversely,
primary pituitary insufficiency,Williams syndrome, and pitu-
itary gland necrosis can cause a reduction in the dimensions
of the sella turcica. Changes in the shape of the sella turcica
may also be observed in connection with certain genetic dis-
orders, including Down syndrome, Williams syndrome, lum-
bosacral myelomeningocele syndrome, and velocardiofacial
syndrome [8–15].

Clinicians need to be familiar with the normal anatomy
and diverse morphology of the sella turcica to detect any
changes in shape or size that may indicate pathological con-
ditions before they become clinically apparent [7]. Sella
bridging is seen more frequently in patients with craniofacial
anomalies such as Down syndrome and Williams syndrome
[16, 17], as well as people with Class 3 growth patterns,
dental anomalies and displacement, and latent canine
[3, 18–20].

Patterns of facial growth in different people are normally
horizontal and vertical [21]. Long face is an unbalanced face
pattern in which the lower height of the front of the face
(anterior nasal spine to menton) increases compare to the
upper height of the front of the face (nasion to anterior nasal
spine) [22]. The analysis of lateral cephalometric findings is
essential in diagnosing the growth pattern in the vertical
dimension [23].

Cephalometric analysis of patients with the long face
deformity shows an increase in the angle between the man-
dibular plane and the occlusal plane (Schudy) [24]. These
people usually have an anterior open bite due to the increase
in height of the lower third of the face [25]. Due to its wide
and multifactorial etiology and the possibility of returning to
the initial state after treatment, the anterior open bite is
considered one of the most challenging orthodontic pro-
blems to treat [26, 27]. The prevalence of open bites is dif-
ferent for different ages and ethnicities [28, 29]. Open bites
can be classified into two types: dental and skeletal. A dental
open bite is a malocclusion where there is no vertical overlap
between the incisal edges when the posterior teeth are in
contact. Skeletal open bite is determined based on the basal

angle, and if the angle is greater than 27°, it is classified as
skeletal open bite [30]. Several factors contribute to the eti-
ology of skeletal open bites, including sucking habits, large
lymphatic tissues and tonsils, an inappropriate skeletal
growth pattern, incorrect position of the tongue and lips, a
narrow maxilla, and hereditary factors [29, 31, 32].

To ensure proper treatment planning for open bite
patients, it is crucial to accurately diagnose the underlying
factors causing the condition. The treatment mechanism
varies depending on the diagnosis, making it essential to
identify the cause accurately. By establishing a relationship
between the morphological changes of sella turcica and the
type and severity of malocclusion, it can serve as a diagnostic
sign in childhood to predict the quality and severity of mal-
occlusion in adulthood. This approach can help to prevent
the waste of time and money and loss of enthusiasm and
motivation for both the patient and dentist during treatment.
So the aim of this study was to investigate the relationship
between the dimensions and morphology of sella turcica
with the long-face growth pattern and the vertical growth
pattern.

2. Materials and Methods

This case–control study was performed on patients of a spe-
cialized orthodontic clinic in Rafsanjan. Patients who were
previously diagnosed with normal or long-face growth pat-
tern from January 2021 to January 2022 entered in this study.
The inclusion criteria were high-quality lateral cephalomet-
ric radiographs. Low-resolution cephalograms and subjects
with craniofacial syndromes, trauma, cleft palate, and lip,
previous orthognathic surgeries were excluded from the
study. We examined lateral cephalometric radiographies of
these patients. All the cephalograms of this study were taken
using the PLANMECA device with the exposure of 66 kVp
and 10mA in the same cephalostat. Finally, 153 patients
were included in this study divided into two groups: 80
patients (69 males and 11 females) had the long face devel-
opment pattern while 73 patients (26 males and 47 females)
had a normal face growth pattern as our control group.
People with skeletal open bite were identified by considering
the basal angle (larger than 27°).

People’s graphs were analyzed using the Romexis soft-
ware, considering the three basal, gonial, and FMA angles
(Figure 1), to determine the pattern of facial growth accord-
ing to the following Table 1 [33]:

In this study, the patient whose three angles showed
increased vertical growth range was considered as a patient
with a long face to avoid entrance of borderline patients.

Also, to determine the dimensions of sella turcica, the
location of four landmarks was determined on all cephalo-
grams as follows [34]:

(i) TS (tuberculum sellae): anterior point of the contour
of the sella turcica

(ii) DS (dorsum sellae): the farthest point on the poste-
rior wall of sella turcica
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(iii) Sellae floor: the deepest point on the base of the
pituitary fossa

(iv) Posterior clinoid: the most anterior point of the pos-
terior clinoid process.

The measurements were performed by a trained person
twice, taking into account the landmarks defined according
to the method provided by Silverman et al. [1]:

(i) Length of sella turcica: the linear distance from the
TS to the tip of the posterior clinoid

(ii) Depth of sella turcica: the vertical distance from the
point where the length of sella is measured to the
deepest point on the floor of sella turcica

(iii) Anteroposterior diameter of sella turcica: the linear
distance from the TS to the farthest point on the
medial surface of the posterior wall of sella turcica
(Figure 2).

Another characteristic investigated in this study is the
morphology of sella turcica, which according to the defini-
tion provided by Axelsson et al. [7], has six variations in
shape, including: normal, anterior oblique wall, sella turcica
bridging (STB), double floor contour, irregularity in the
posterior part of DS, and the pyramidal shape of DS
(Figure 3(a)–3(f )).

STB has been classified according to the standard index
provided by Leonardi et al. [6] based on the anteroposterior
length and diameter of sella:

(i) Group I (without bridging): when the length of sella
turcica is larger than ¾ of its diameter.

(ii) Group II (partial bridging): when the length of sella
turcica is equal to or smaller than ¾ of its diameter.

(iii) Group III (complete bridging): when there is a visi-
ble contact between TS and DS in the radiography
(Figure 4(a)–4(c)).

Then the above information was written in the checklist
for each person, and finally the existence of a relationship
between the dimensions and morphology of sella turcica and
the long-face growth pattern was investigated.

The formula for comparing two proportions was used to
determine the sample size as follows:

n ¼ Z1−α=2 þ Z1−β

� �
2 P1 1 − P1ð Þ þ P2 1 − P2ð Þ½ �= P1 − P2ð Þ2:

ð1Þ

P1 (exposure ratio in the case group) = 54.8, P2 (exposure
ratio in the second group) = 51.4, α (type I error) = this value
is 1.96 for an α of 0.05, β (type II error) = this value is 0.84 for
a β of 0.20.

TABLE 1: Data analysis table for determining facial growth patterns.

Angle
Normal

(°)
Long face

(°)
Short face

(°)

Frankfort-mandibular plane
angle (FMA)

25Æ 2
Greater
than 27

Smaller
than 23

Gonial (Ar-Go-Me) 130Æ 7
Greater
than 137

Smaller
than 123

The angle between the palatal
plane and the mandibular
plane (basal angle)

25Æ 2
Greater
than 27

Smaller
than 23

1

2

3

FIGURE 1: (1) FMA angle: the angle between the Frankfort plane and
the mandibular plane; (2) basal angle: the angle between the man-
dibular plane and the palatal plane; (3) gonial angle: the angle
between Ar (articular), Go (gonion), and Me (menton).

TS a

DSb

c

BPF

FIGURE 2: (a) Length of the sella turcica, (b) diameter of the sella
turcica, and (c) depth of the sella turcica; base of the pituitary fossa
(BPF).

International Journal of Dentistry 3



Logistic regression was used to investigate the relation-
ship between the variables and to control confounding fac-
tors. univariate (crude) and multivariate (adjusted) logistic
regression analyses were performed to determine the odds

ratios (ORs) and 95% confidence intervals (CIs) for the rela-
tion of the length, depth, and anteroposterior diameter of the
sella turcica with the occurrence of long faces in study parti-
cipants. Variables with a p value below 0.05 in bivariate

ðaÞ ðbÞ ðcÞ

ðdÞ ðeÞ ðfÞ
FIGURE 3: (a) Normal, (b) anterior oblique wall, (c) double floor contour, (d) sella turcica bridging, (e) irregularity in the posterior part of DS,
and (f ) the pyramidal shape of DS.
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analysis were included in the regression models as potential
confounders.

3. Results

Of the 153 people studied, 37 were men and 116 were
women, with an average age of 16.83 years and a standard
deviation of 5.11 years, of which 80 were classified as a long
faced (11 men (13.75%) and 69 women (86.25%)) and 73 as
normal (26 men (35.62%) and 47 women (64.38%)), where
there was a significant difference between the two groups in
terms of gender (p ¼ 0:002). In terms of age, the average age
of the long-faced group was 16.53Æ 4.73 while the normal
group was 17.16Æ 5.51. Statistically, there was no age differ-
ence between the two groups (p ¼ 0:44). Total 90 patients
were classified as having skeletal open bites while 56 patients
had normal skeletal bites.

As previously mentioned, gender was included in the
regression models as a potential confounder due to a p value
below 0.05 in multivariate analysis.

Crude and adjusted statistical models were used to inves-
tigate the relationship between the length, depth, and ante-
roposterior diameter of sella turcica and the occurrence of a
long face. In the univariable or crude model, an increase in
the length of the sella turcica for one unit decreased the
chance of having a long face. However, in the adjusted model
with bridging included, there was no significant relationship
between length and the occurrence of a long face. In the
crude model, an increase in the depth of the sella turcica
was associated with with a greater chance of developing a
long face. However, in the adjusted model, with the bridging
factor included, there was not a significant relationship

between depth and long face. There was not a significant
relationship between the anteroposterior diameter of the
sella turcica and the long face.

There was a significant relationship between the pyrami-
dal shape and irregularity in the posterior part of the DS and
the occurrence of a long face (Table 2).

The chance of developing a long face in people with
partial and complete bridging was 8.38 and 1.92 times,
respectively (p<0:05). By controlling the confounding effect
of gender, it was revealed that the chance of developing a
long face in women is 3.8 times larger than in men. Also, by
controlling the confounding effect of age, it was found
that the chance of developing a long face decreases with
age, but the relationship was not significant (p ¼ 0:111)
(Table 3).

In the single-variable model, an increase in the length of
the sella turcica for one unit decreased the chance of devel-
oping an open bite. In the adjusted model, with the bridging
included, a significant relationship did not exist between the
length, depth, or anteroposterior diameter of sella turcica
and the occurrence of an open bite (Table 4).

The ratio of the chance of developing an open bite in
people with a pyramidal sella shape to people with a normal
sella shape was 0.33 (Table 5).

The chance of developing an open bite in people with
partial and complete bridging was 8.57 and 1.82 times larger
than in people without bridging, respectively. Also, after
controlling the confounding effect of sex, it was revealed
that the chance of developing an open bite in women is 1.8
times larger than in men (Table 6).

Also, the length of sella turcica increased with age, but
the relationship was not significant. Furthermore, the depth

ðaÞ ðbÞ ðcÞ
FIGURE 4: (a) Without bridging, (b) partial bridging, and (c) complete bridging.

TABLE 2: Investigating the relationship between the different shapes of sella turcica with long face.

Different shapes of sella turcica Long face (%) Normal face (%) Total within-group (%) Odds ratio p Value

Normal 68.8 45.2 57.5 1 –

Sella turcica with anterior oblique wall 7.5 8.2 7.8 0.6 0.408
Double floor contour 6.3 6.8 6.5 0.6 0.446
Pyramidal shape 7.5 17.8 12.4 0.28 0.018
Irregularity in the posterior part of DS 10.0 21.9 15.7 0.3 0.013
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and the anteroposterior diameter of the sella turcica signifi-
cantly increased with age.

The average length of the sella turcica in men was signif-
icantly larger than in women. The depth and anteroposterior
diameter of the sella turcica in women were larger than in
men, but this relationship was not significant.

A significant relationship was not found between the
different shapes of sella turcica and sex (p ¼ 0:107). The
investigation of the relationship between the different shapes
of sella turcica and age did not show a significant relation-
ship (p ¼ 0:86).

Based on the results shown in Table 7, there was no
significant relationship between sex and the different types
of bridging.

4. Discussion

The dimensions and morphology of sella turcica have been
studied several times. Sella can be observed clearly in lateral
cephalograms, and it has an important role in orthodontic
diagnosis. Different studies have already found an associa-
tion between normal and abnormal conditions and sella tur-
cica morphology [35, 36].

The aim of the present study was to investigate the rela-
tionship between the dimensions and morphology of sella
turcica, the long face, and the vertical growth patterns. The
results of the present study showed that the occurrence of
the long face abnormality has a negative relationship with the
length of the sella turcica, a direct relationship with the depth

TABLE 3: Investigating the relationship between sella turcica bridging and the occurrence of long face and the effects age and sex as dependent
variables.

Different types of bridging
The crude model The adjusted model1,2

Odds ratio
(confidence interval)

p Value
Odds ratio

(confidence interval)1
p Value

Odds ratio
(confidence interval)2

p Value

Without bridging 1 – 1 – 1 –

Partial 8.37 (3.98–17.57) 0.00 8.61 (3.97–18.6) 0.00 9.61 (4.3–21.5) 0.00
Complete 1.92 (0.3–12.5) 0.50 1.41 (0.21–9.2) 0.72 2.37 (0.31–17.93) 0.40

The adjusted model: investigating the relationship between sella bridging and the occurrence of long face 1after controlling the confounding effect of sex, 2after
controlling the confounding effect of age.

TABLE 4: Investigating the relationship among length, depth, and the anteroposterior diameter of sella turcica with the occurrence of open
bite.

Variable
The crude model The adjusted model1

Odds ratio (confidence interval) p Value Odds ratio (confidence interval) p Value

Length 0.84 (0.74–0.98) 0.029 0.94 (0.74–1.12) 0.602
Depth 1.22 (0.92–1.5) 0.092 1.1 (0.83–1.3) 0.504
APT 1.14 (0.9–1.35) 0.201 1.01 (0.77–1.2) 0.892
1The adjusted model: the relationship among length, depth, and the anteroposterior diameter of sella turcica with the occurrence of open bite with bridging
being included.

TABLE 5: Investigating the relationship between the different shapes of sella and open bite (n= 146).

Different shapes of sella turcica Odds ratio p-Value

Normal 1 –

Sella turcica with anterior oblique wall 0.90 0.87
Double floor contour 0.67 0.56
Pyramidal shape 0.33 0.032
Irregularity in the posterior part of DS 0.41 0.071

TABLE 6: Investigating the relationship between sella bridging and the occurrence of open bite after controlling the confounding effect of sex
(n= 146).

Different types of bridging
The crude model The adjusted model1

Odds ratio (confidence interval) p Value Odds ratio (confidence interval) p Value

Without bridging 1 – 1 –

Partial 8.57 (3.58–15.94) 0.00 8.30 (3.47–15.6) 0.00
Complete 1.82 (0.3–14.7) 0.55 1.55 (0.31–13.44) 0.67
1The adjusted model: investigating the relationship between sella bridging and the occurrence of open bite after controlling the confounding effect of sex.
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of the sella turcica, and no relationship with the anteropos-
terior diameter of the sella turcica. Unlike the results of the
present study, Alkofid [36] conducted a study to investigate
the relationship between the shape and size of the sella
turcica and skeletal classifications in lateral cephalometric
images in Saudi patients and did not observe any obvious
statistical difference in the length and depth of the sella
turcica between Class 2 and 3 malocclusions, while there
was a statistically significant difference in the diameter of
the sella turcica between the different types of malocclusions.
This difference is probably due to the investigation of the
effect of the dimensions of the skull on two different planes
of the skull. In Alkofid’s [36] study, the effect of the dimen-
sions of the skull on malocclusion in the anterior–posterior
dimension was investigated, while the present study investi-
gated malocclusion in the vertical dimension. Moreover,
Tepedino et al. [37] also compared sagittal craniofacial pat-
terns in patients ranging from 9 to 13 years old in terms of
the shape and dimensions of the sella turcica. They suggested
that the shape of the sella turcica in Class 1 patients is sig-
nificantly different from that in Class 2 subjects, while the
sella length or depth seems to be similar in all angle classes.
They also reported that 13-year-old subjects have a larger
sella than 9- to 10-year-old patients without any change in
sella morphology [37]. This study shows that age may be an
important factor affecting growth patterns as well as the
shape and dimensions of sella turcica.

Recently, it has been proposed that STB is more frequent
than thought. It is estimated that one in four subjects shows
bridging. So it is expected that STB would enter anatomical
and embryology textbooks while the world is looking for
clear clinical implications and usage [38].

In the present study, the chance of developing a long face
in people with partial and complete bridging was 8.37 and
1.92 times larger than in people without bridging, respec-
tively. In line with the results of the present study, Buyuk
et al. [5] concluded that there is a significant difference in the
palatal plane-to-SN angle and the anterior height of the face
in people with a normal shape of the sella turcica and people
with partial or complete bridging of the sella. However,
unlike the results of the present study, in Buyuk’s study
[5], there was no significant difference in the effect of bridg-
ing on cephalometric indices between people with partial
bridging or complete bridging.

In the present study, after controlling for the confound-
ing effect of sex, it was revealed that the chance of developing
a long face in women is 3.8 times greater than in men. Unlike
the results of the present study, Gupta et al. [39] investigated
the prevalence of long faces among 100 adult patients (50
women and 50 men) in India and concluded that there is a

slight difference in the prevalence of long faces in men com-
pared to women. This difference is probably due to the high
number of women compared to men in the present study.

It was also found that the chance of developing an open
bite in people with partial and complete bridging is 57.8 and
82.1 times larger than in people without bridging, respec-
tively. Also, after controlling for the confounding effect of
sex, it was found that the chance of developing an open bite
in women is 1.8 times greater than in men. Furthermore, in
the adjusted model, an increase in the length of the sella
turcica decreases the chance of developing an open bite. In
the adjusted model, in which bridging is included, there was
no significant relationship between the length of the sella
turcica and the occurrence of a an open bite, which shows
the significant effect of bridging on an open bite. In both the
crude and the adjusted models, there was no significant rela-
tionship between the anteroposterior diameter or depth of
the sella turcica and the occurrence of an open bite. Another
finding of the present study was a negative relationship
between length and a direct relationship between depth on
the one hand and the long face abnormality on the other
hand. Similar to the occurrence of an open bite, the antero-
posterior diameter has no effect on the chance of developing
a long face. In a study investigating the relationship between
the shape and size of the sella turcica and skeletal classifica-
tion, Valizadeh et al. [40] concluded that the length of the sella
turcica has a significant effect on jaw relationships. However,
unlike the results of the present study, which point to the
effect of depth on the occurrence of long faces, Valizadeh
et al. [40] did not find any effect of depth on jaw relationships,
which could be due to the investigation of the effect of the
dimensions of the skull in different planes of the skull in the
present study.

This study had a retrospective nature with no 3D data, a
low-target population with relatively many women, and
patients with a wide age range. Designing a prospective study
can make it possible to examine the growth rate in different
dimensions, along with the changes in the dimensions of
sella turcica over time. Moreover, the anteroposterior rela-
tionship between jaws has not been considered in this study,
which is suggested to be evaluated in future studies. It is
important to note that 3D data can affect the final results
of a study, as the normal values for 3D data may differ from
those of 2D data, leading to misses in long-face patients. It
has been shown that the 3D method may reduce the chance
of underestimating the angular measurements on the lateral
landmarks as compared to 2D values, especially measure-
ments not lying on the midsagittal plane, as in our recent
study [41]. In addition, in recent studies, it seems that gender
may have an effect on craniofacial measurements [42] so it is

TABLE 7: The prevalence of different types bridging (without bridging, partial, and complete) by sex (n= 153).

Sex Without bridging (%) Partial (%) Complete (%) Total (%)

Male 30.3 20.7 0.00 24.2
Female 69.7 79.3 100 75.8
Total 100 100 100 100

International Journal of Dentistry 7



recommended to increase the number of men compared to
the women in future studies for a better investigation. We
also recommend more than three cephalometric angles be
used for diagnosing vertical growth patterns in the future.

5. Conclusions

Bridging, length, and depth of the sella turcica can be associ-
ated with the occurrence of a long face. An open bite can also
be associated with sella bridging as well as its length. The
diameter and depth of the sella increase with age, while this is
not significant for length.

Data Availability

The underlying data of this study are available by contacting
the corresponding author on reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] G. K. Shrestha, P. R. Pokharel, R. Gyawali, B. Bhattarai, and
J. Giri, “The morphology and bridging of the sella turcica in
adult orthodontic patients,” BMC Oral Health, vol. 18,
Article ID 45, 2018.

[2] R. M. Jones, A. Faqir, D. T. Millett, K. F. Moos, and
S. McHugh, “Bridging and dimensions of sella turcica in
subjects treated by surgical-orthodontic means or orthodon-
tics only,” The Angle Orthodontist, vol. 75, no. 5, pp. 714–718,
2005.

[3] A. Björk, “Cranial base development: a follow-up x-ray study
of the individual variation in growth occurring between the
ages of 12 and 20 years and its relation to brain case and face
development,” American Journal of Orthodontics, vol. 41,
no. 3, pp. 198–225, 1955.

[4] B. Malsen, The Cranial Base: The Postnatal Development of the
Cranial Base Studied Histologically on Human AutopsyMaterial,
Arhus, 1974.

[5] S. K. Buyuk, A. Karaman, andY. Yasa, “Relationship between sella
turcica bridging and cephalometric parameters in adolescents and
young adults,” Oral Radiology, vol. 35, pp. 245–250, 2019.

[6] R. Leonardi, M. Farella, and M. T. Cobourne, “An association
between sella turcica bridging and dental transposition,” The
European Journal of Orthodontics, vol. 33, no. 4, pp. 461–465,
2011.

[7] S. Axelsson, K. Storhaug, and I. Kjær, “Post-natal size and
morphology of the sella turcica. Longitudinal cephalometric
standards for norwegians between 6 and 21 years of age,”
European Journal of Orthodontics, vol. 26, no. 6, pp. 597–604,
2004.

[8] M. Pisaneschi and G. Kapoor, “Imaging the sella and parasellar
region,”Neuroimaging Clinics of North America, vol. 15, no. 1,
pp. 203–219, 2005.

[9] C. S. Zee, J. L. Go, P. E. Kim, D. Mitchell, and J. Ahmadi,
“Imaging of the pituitary and parasellar region,” Neurosurgery
Clinics of North America, vol. 14, no. 1, pp. 55–80, 2003.

[10] P. Meyer-Marcotty, T. Reuther, and A. Stellzig-Eisenhauer,
“Bridging of the sella turcica in skeletal Class III subjects,”
European Journal of Orthodontics, vol. 32, no. 2, pp. 148–153,
2010.

[11] B. G. Russell and I. Kjær, “Postnatal structure of the sella
turcica in down syndrome,” American Journal of Medical
Genetics, vol. 87, no. 2, pp. 183–188, 1999.

[12] A. A. Najim and L. Al-Nakib, “A cephalometric study of sella
turcica size and morphology among young Iraqi normal
population in comparison to patients with maxillary malposed
canine,” Journal of Baghdad College of Dentistry, vol. 23, no. 4,
pp. 53–56, 2011.

[13] I. Kjær, A.Wagner, P. Madsen, S. Blichfeldt, K. Rasmussen, and
B. Russell, “The sella turcica in children with lumbosacral
myelomeningocele,” European Journal of Orthodontics, vol. 20,
no. 4, pp. 443–448, 1998.

[14] K. Mølsted, M. Boers, and I. Kjær, “Themorphology of the sella
turcica in velocardiofacial syndrome suggests involvement of a
neural crest developmental field,” American Journal of Medical
Genetics Part A, vol. 152A, no. 6, pp. 1450–1457, 2010.

[15] J. S. Teal, “Radiology of the adult sella turcica,” Bulletin of the
Los Angeles Neurological Societies, vol. 42, no. 3-4, pp. 111–
174, 1977.

[16] M. L. Kantor and L. A. Norton, “Normal radiographic
anatomy and common anomalies seen in cephalometric
films,” American Journal of Orthodontics and Dentofacial
Orthopedics, vol. 91, no. 5, pp. 414–426, 1987.

[17] R. A. Cederberg, B. W. Benson, M. Nunn, and J. D. English,
“Calcification of the interclinoid and petroclinoid ligaments of
sella turcica: a radiographic study of the prevalence,”
Orthodontics & Craniofacial Research, vol. 6, no. 4, pp. 227–
232, 2003.

[18] W. R. Proffit, H. W. Fields Jr., and D. M. Sarver, Contempo-
rary Orthodontics, Elsevier Health Sciences, 2006.

[19] R. Leonardi, E. Barbato, M. Vichi, and M. Caltabiano, “A sella
turcica bridge in subjects with dental anomalies,” European
Journal of Orthodontics, vol. 28, no. 6, pp. 580–585, 2006.

[20] I. Kjær, K. B. Becktor, J. Lisson, C. Gormsen, and
B. G. Russell, “Face, palate, and craniofacial morphology in
patients with a solitary median maxillary central incisor,”
European Journal of Orthodontics, vol. 23, no. 1, pp. 63–73,
2001.

[21] T. Murakami, T. Kataoka, J. Tagawa, T. Yamashiro, and
H. Kamioka, “Antero-posterior and vertical facial type
variations influence the aesthetic preference of the antero-
posterior lip positions,” European Journal of Orthodontics,
vol. 38, no. 4, pp. 414–421, 2016.

[22] T. Rakosi, An Atlas and Manual of Cephalometric
Radiography, Lea & Febiger, 1982.

[23] K. Chung, S.-H. Kim, and Y. Kook, “C-orthodontic
microimplant for distalization of mandibular dentition in Class
III correction,” The Angle Orthodontist, vol. 75, no. 1, pp. 119–
128, 2005.

[24] M. H. R. Nejad, Z. R. Rouhani, N. Sabzikari, and R. R. Pour,
“Survey on the amount of coordination between panoramic
and lateral cephalometric radiographs in diagnosis of facial
vertical growth pattern,” Studies in Medical Sciences, vol. 28,
no. 3, pp. 183–191, 2017.

[25] L. Stojanović, “Etiological aspects of anterior open bite,”
Medicinski Pregled, vol. 60, no. 3-4, pp. 151–155, 2007.

[26] P. Salehi, H. R. Pakshir, and S. A. R. Hoseini, “Evaluating the
stability of open bite treatments and its predictive factors in
the retention phase during permanent dentition,” Journal of
Dentistry, vol. 16, no. 1, pp. 22–9, 2015.

[27] F. Uzdil, M. Kayalioglu, E. Kendi, and M. Serdar Toroglu, “A
new type of modified Essix retainer for anterior open bite
retention,” Progress in Orthodontics, vol. 11, no. 1, pp. 45–52,
2010.

8 International Journal of Dentistry



[28] M. Mucedero, D. Fusaroli, L. Franchi, C. Pavoni, P. Cozza, and
R. Lione, “Long-term evaluation of rapid maxillary expansion
and bite-block therapy in open bite growing subjects: a
controlled clinical study,” The Angle Orthodontist, vol. 88,
no. 5, pp. 523–529, 2018.

[29] J. T. Zupnik, M. Ioshida, M. Yatabe et al., “Three-dimensional
analysis of condylar changes in surgical correction for open
bite patients with skeletal class II and class III malocclusions,”
International Journal of Oral and Maxillofacial Surgery,
vol. 48, no. 6, pp. 739–745, 2019.

[30] L. Pisani, L. Bonaccorso, R. Fastuca, R. Spena, L. Lombardo,
and A. Caprioglio, “Systematic review for orthodontic and
orthopedic treatments for anterior open bite in the mixed
dentition,” Progress in Orthodontics, vol. 17, Article ID 28,
2016.

[31] K.-F. Krey, K.-H. Dannhauer, and T. Hierl, “Morphology of
open bite,” Journal of Orofacial Orthopedics/Fortschritte der
Kieferorthopädie, vol. 76, pp. 213–224, 2015.

[32] S. Moshiri, E. A. Araújo, J. F. McCray, G. Thiesen, and
K. B. Kim, “Cephalometric evaluation of adult anterior open
bite non-extraction treatment with Invisalign,” Dental Press
Journal of Orthodontics, vol. 22, no. 5, pp. 30–38, 2017.

[33] M. Seifi, S. Tahmasbi, A. S. Shahroudi, M. R. Badiee, and
R. Hamedi, Practical Cephalometry in Orthodontics, Shayan-
nemoodar, 2017.

[34] F. K. Muhammed, A. O. Abdullah, Z. J. Rashid, T. Pusic,
M. F. Shbair, and Y. Liu, “Morphology, incidence of bridging,
and dimensions of sella turcica in different racial groups,” Oral
Radiology, vol. 35, pp. 127–134, 2019.

[35] L. A. Weisberg, E. A. Zimmerman, and A. G. Frantz,
“Diagnosis and evaluation of patients with an enlarged sella
turcica,” The American Journal of Medicine, vol. 61, no. 5,
pp. 590–596, 1976.

[36] E. A. Alkofide, “The shape and size of the sella turcica in
skeletal Class I, Class II, and Class III Saudi subjects,”
European Journal of Orthodontics, vol. 29, no. 5, pp. 457–463,
2007.

[37] M. Tepedino, M. Laurenziello, L. Guida et al., “Morphometric
analysis of sella turcica in growing patients: an observational
study on shape and dimensions in different sagittal craniofacial
patterns,” Scientific Reports, vol. 9, Article ID 19309, 2019.

[38] A. Cuschieri, S. Cuschieri, and C. Zammit, “Sella turcica
bridging: a systematic review,” Surgical and Radiologic Anatomy,
vol. 44, pp. 381–389, 2022.

[39] R. Gupta, S. Kaur, N. Mahajan, B. Kotwal, S. Kharyal, and
N. Gupta, “Prevalence of subtypes of long face pattern in
Jammu population,” International Journal of Preventive and
Public Health Sciences, vol. 3, no. 2, pp. 22–24, 2017.

[40] S. Valizadeh, S. Shahbeig, S. Mohseni, F. Azimi, and
H. Bakhshandeh, “Correlation of shape and size of sella
turcica with the type of facial skeletal class in an Iranian
group,” Iranian Journal of Radiology, vol. 12, no. 3, Article ID
e16059, 2015.

[41] M. Farronato, G. Baselli, B. Baldini, G. Favia, and
G. M. Tartaglia, “3D cephalometric normality range: auto
contractive maps (ACM) analysis in selected Caucasian skeletal
class I age groups,” Bioengineering, vol. 9, no. 5, Article ID 216,
2022.

[42] L. Taner, G. M. Gürsoy, and F. D. Uzuner, “Does gender have
an effect on craniofacial measurements?” Turkish Journal of
Orthodontics, vol. 32, no. 2, pp. 59–64, 2019.

International Journal of Dentistry 9




