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shape of the sella turcica differed significantly between 
groups ( p  < 0.001).  Conclusions:  In this study, CBCT was used 
to assess the morphology of the sella turcica. A majority of 
the subjects with cleft had a flattened sella turcica compared 
to that of the control group. A shorter length of the sella tur-
cica was more evident in the cleft subjects than in the control 
group.  © 2016 S. Karger AG, Basel 

  Introduction 

  The sella turcica is an important saddle-shaped struc-
ture that houses the pituitary gland and is located in the 
middle cranial fossa  [1] . The structure consists of anterior 
and posterior clinoid processes, the tuberculum sella, and 
the pituitary fossa. The tuberculum sella is the slight ante-
rior elevation on the body of the sphenoid bone. The pi-
tuitary fossa is a saddle-like depression in the middle that 
holds the pituitary gland, and the dorsum sella is formed 
by a square plate of bone on the body of the sphenoid  [2] .

  Lip and palate clefts are considered the most preva-
lent craniofacial congenital anomaly. Some studies have 
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 Abstract 

  Objective:  The aim of this study was to assess the morphol-
ogy of the sella turcica and measure its size in cleft and non-
cleft subjects.  Material and Methods:  Cone-beam comput-
ed tomography (CBCT) images of 54 individuals (29 males; 
25 females) with cleft and 85 (22 males; 63 females) without 
cleft were used for this study. Syndromic patients with 
cleft(s) were not included because of possible additional en-
docrinological and/or morphological disorders. Linear mea-
surements included length, depth, and diameter. The shape 
of the sella turcica was analyzed in the cleft and noncleft 
groups. An independent  t  test was conducted to evaluate 
differences between genders and groups. One-way ANOVA 
was used to compare age groups.  Results:  The length ( p  < 
0.001) of the sella turcica was smaller in noncleft subjects 
than in cleft subjects. Diameter ( p  = 0.014) and depth ( p  = 
0.005) showed as constantly increasing from an age <15 to 
>25 years in the overall assessment. The distribution of the 
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been conducted on the causes of cleft, as well as on the 
development of craniofacial structures in people with 
clefts  [1, 3] . Close interactions exist during the develop-
ment of the hypothalamus, pituitary gland, and oral cav-
ity in early embryonic life  [1, 4] . Any defect in the devel-
opment of these tissues may lead to anatomical and 
functional disorders  [5] . Many studies have focused on 
the morphology of the sella turcica and the relationship 
between its dimensions and general craniofacial devia-
tions  [6–9] .

  The effect of deviations in the morphology of the sella 
turcica in individuals with clefts has been reported in sev-
eral 2-dimensional cephalometric studies  [3, 4, 10] . How-
ever, the 2-dimensional representation of an abnormality 
does not actually provide complete information about its 
structure  [4] . Only advanced imaging techniques such as 
computed tomography (CT) or cone-beam (CB)CT can 
generate more precise information about the sellar region 
 [4] . CBCT produces hard-tissue images of a similar qual-
ity to those of CT. However, the images are obtained with 
less expensive equipment and components, a reduced pa-
tient examination time, and a significantly lower radia-
tion dose than with conventional CT  [11] . To date, no 
study has assessed the sella turcica in cleft patients by 
means of a 3-dimensional imaging system such as CBCT 
or CT. Therefore, in this study, we aimed to compare the 
size and shape of the sella turcica between cleft and non-
cleft individuals on CBCT.

  Material and Methods 

 The CBCT images of 54 individuals (29 males and 25 females) 
were evaluated as the cleft group at the Faculty of Dentistry, İnönü 
University, Malatya, Turkey. Surgically repaired cleft lip and/or 
palate (unilateral or bilateral) were analyzed. We excluded syn-
dromic patients with cleft(s) because of the possible additional en-
docrinological and/or morphological disorders. For comparison 
purposes, a control group of 85 patients (63 females and 22 males) 
for whom CBCT examinations were performed for any reason was 
randomly selected from the archives. All subjects were divided into 
3 age groups: <16 years, 16–24 years, and >24 years. This catego-
rization was made because growth and development in the sellar 
region mainly end before the age of 10–15 years  [12, 13] .

  The CBCT images were obtained with the patient in a standard 
supine position (scanning time, 14–18 s; field of view, 18 × 13 cm; 
exposure time, 3.6 s; kV = 110; mA = 1–11; voxel size, 0.2 mm 3 ) 
using the same device (NewTom 5G, QR Verona, Italy). The head 
of the patient was placed in a horizontal position so that the Frank-
fort horizontal plane was perpendicular to the table, and the head 
within the circular gantry housing the X-ray tube to ensure consis-
tent orientation of the sagittal images. All images were assessed by 
NNT Viewer software.

  One of the axial views of the dorsum sella was selected as a ref-
erence view. Subsequently, 1-mm sagittal slices, which were made 
from each corresponding slice of the midsagittal plane, were se-
lected for the measurement of the depth, diameter, length, and 
shape of the sella turcica ( Fig.  1 ). The following distances were 
measured: the length from the tip of the dorsum sella to the tuber-
culum sella; the depth as a perpendicular from the line extending 
to the deepest point of the sellar floor; and the diameter as the fur-
thest point on the posteroinferior aspect of the pituitary fossa to 
the most superior point on the tuberculum sella. The sella turcica 
is described using basic shapes (oval, round, and flattened) accord-
ing to the sellar floor on the midsagittal images ( Fig. 2 ).

a b

  Fig. 1.   a  The black line shows the midsagittal slice selected as a reference view for the measurement of length, 
diameter, and depth.  b  The reference lines used for measuring the sella turcica size on the midsagittal slice: bold 
line, length of sella; dashed line, depth of sella; dotted line, diameter of sella. TS, tuberculum sella; DS, dorsum 
sella; PS, pituitary fossa. 
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  A radiologist (S.B.D.) with 4 years of experience performed all 
the measurements. To define the intraobserver error rate, the lin-
ear and morphological measurements were repeated on randomly 
selected images after 1 month, based on the intraclass evaluation 
rule  [14] .

  Statistical Analysis 
 SPSS v20.0 for Windows (SPSS Inc., Chicago, IL, USA) was 

used for all statistical analyses. Kolmogorov-Smirnov statistics 
were used for the normality test. An independent  t  test was con-
ducted to evaluate differences in sella turcica measurements be-
tween genders and groups. One-way ANOVA was applied to com-
pare the sella turcica size measurements across different age 
groups.  p  = 0.05 was considered statistically significant.

  Results 

 The mean age of the cleft group was 18.09 ± 6.27 years 
(range 9–33 years), and that of the control group 19.28 ± 
5.66 years (range 7–33 years). The mean dimensions of 
the sella turcica in subjects based on gender are shown in 
 Table 1 . Independent-sample  t  tests that compared the 
measurements of the sella turcica between the genders 
did not show any significant difference overall ( p  > 0.05) 
or within the groups ( p  > 0.05).

  The dimensions of the sella turcica in the cleft and con-
trol groups are shown in  Table 2 . Generally, the overall 
size of the sella turcica was smaller in the controls than in 

the cleft group, and a significant difference was noted in 
the length of the sella turcica ( p  < 0.001).

  The general distribution of morphological appearanc-
es of the sella turcica in the cleft and control groups is 

 Table 1.  Dimensions of the sella turcica in the subjects according to gender

Cleft group Control group  Total assessment
female
(n = 25)

male
(n = 29)

p female
(n = 22)

male
(n = 63)

p femal e
(n = 47)

male
(n = 92)

p

Diameter, mm 11.84 ± 1.59 11.80 ± 1.56 0.924 11.69 ± 1.26 11.11 ± 1.64 0.969 11.74 ± 1.35 11.51 ± 1.62 0.370
Depth, mm 7.64 ± 1.17 7.83 ± 1.40 0.581 7.51 ± 1.13 7.55 ± 1.07 0.883 7.55 ± 1.14 7.71 ± 1.27 0.429
Length, mm 10.72 ± 1.77 10.92 ± 1.93 0.685 9.78 ± 1.55 9.80 ± 1.24 0.091 10.05 ± 1.66 10.44 ± 1.75 0.194

Values are mean ± SD; independent t test.

 Table 2.  Dimensions of the sella turcica

Cleft group
(n = 54)

Control group
(n = 85)

p

Diameter, mm 11.82 ± 1.56 11.54 ± 1.38 0.276
Depth, mm 7.74 ± 1.29 7.52 ± 1.11 0.285
Length, mm 10.83 ± 1.84 9.78 ± 1.47 0.001*

Values are mean ± SD. Independent t test; * p < 0.001.

 Table 3.  The distribution of different shapes of sella turcica in the 
groups

Shape Cleft group,
n (%)

Control group,
n (%)

Total assessment,
n (%)

χ2

Oval 3 (5.6) 14 (16.4) 17 (12.2) 0.000*
Round 29 (53.7) 61 (71.8) 90 (65.3)
Flattened 22 (40.7) 10 (11.8) 32 (22.5)

Total 54 (100) 85 (100) 139 (100)

χ2 test; * p < 0.0001.

a b c

  Fig. 2.  Different morphology of sella turcica.  a  Round.  b  Oval.  c  Flattened. 
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provided in  Table 3 . The results show that the sella tur-
cica presented with a round shape in the majority of sub-
jects in both groups. A flattened shape (in 40.7%) was 
observed frequently in the cleft group but rarely in the 
control group (in 11.8%). The morphological features 
were significantly different between the groups ( p  < 
0.001).

  The dimensions of the sella turcica based on age in 
both groups are given in  Table 4 . In the cleft group, the 

measurements of the sella turcica were highest in the 
group aged >25 years and lowest in the group aged <15 
years. A steady increase was noted in all dimensions 
along with age ( Fig. 3 ). However, the difference was only 
statistically significant regarding the length of the sella 
turcica ( p  < 0.05). In the control group, the depth of the 
sella turcica differed significantly according to age ( p  < 
0.05).

<15 15–24
Age, yearsa

>25
9

12

15 Control group
mm

Cleft group

 Table 4.  All measurements of the sella turcica according to age group

Cleft group Control group  Total assessment

<15 years
(n = 22)

15 – 24 years
(n = 25)

>25 years
(n = 7)

p <15 years
(n = 25)

15 – 24 years
(n = 44)

>25 years
(n = 16)

p <15 years
(n = 47 )

15 – 24 years
(n = 69)

>25 years
(n = 23)

p

Diameter, mm 11.2 ± 1.52 12.1 ± 1.62 12.4 ± 0.83 0.064 11.09 ± 1.30 11.68 ± 1.34 11.88 ± 1.54 0.134 11.16 ± 1.39 11.86 ± 1.45 12.05 ± 1.37 0.014*
Depth, mm 7.27 ± 1.13 8.00 ± 1.38 8.30 ± 1.07 0.071 7.12 ± 0.92 7.59 ± 1.13 7.97 ± 1.17 0.046* 7.19 ± 1.02 7.74 ± 1.23 8.07 ± 1.13 0.005*
Length, mm 10.2 ± 1.85 11.0 ± 1.68 12.0 ± 1.86 0.048* 10.0 ± 1.47 9.68 ± 1.50 9.75 ± 1.46 0.693 10.10 ± 1.64 10.16 ± 1.68 10.46 ± 1.89 0.693

Values are mean ± SD. One-way ANOVA; * p < 0.05.

<15 15–24
Age, yearsb

>25
6

8

10 Control group
mm

Cleft group

<15 15–24
Age, yearsc

>25
9

12

15 Control group
mm

Cleft group

  Fig. 3.  Graphical illustrations of the diameter ( a ), depth ( b ), and 
length ( c ) of the sella turcica in the cleft group versus the control 
group. 
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  Discussion 

 In this study, no significant difference was observed 
in all measurements of the sella turcica in males and fe-
males in both groups. This finding confirmed those of 
Shah et al.  [15]  and Valizadeh et al.  [16] , who reported 
no statistically significant difference between males and 
females in the length, depth, or diameter of the sella tur-
cica in their normal-orthodontics population. However, 
the studies by Axelsson et al.  [17]  and Sathyanarayana et 
al.  [18]  reported substantial gender variance in the 
length of the sella turcica; males exhibited a greater 
length than females. These differences across studies 
could be due to the fact that the study samples belonged 
to different age groups. The pubertal growth spurt is dif-
ferent between males and females <15 years old.

  The sella turcica is formed at the most cranial extent 
of the notochord, and deviations in all cranial fields are 
believed to be associated with deviations in the sella tur-
cica as well. The pituitary gland begins to develop before 
the formation of the surrounding sella turcica. This re-
lationship implies the existence of mechanical coordina-
tion in the growth of the pituitary gland alongside its 
enclosing skeletal compartment and may cause varia-
tions in the size of the gland, which are reflected in the 
shape and size of the sella turcica. Although some stud-
ies have demonstrated a relationship between cleft lip 
and palate  [19–21] , Van der Plas et al.  [22]  claimed that 
the pituitary is not involved in differences in isolated 
cleft lip and palate. In our study, there were differences 
between the cleft group and the control group in terms 
of the shape and size of the sella turcica, but it was only 
the length of the sella turcica that was higher in the cleft 
group than in the control group. However, Alkofide 
 [10] , Sundareswaran and Nipun  [4] , and Axelsson et al. 
 [6] , in studies that made use of cephalograms, reported 
a statistically significant decrease in all dimensions of 
the sella turcica in cleft patients. The discrepancy here 
could be due to the fact that conventional radiograms 
are generally not as accurate as advanced imaging tech-
niques.

  In this study, we used basic shapes (oval, round, and 
flattened) to classify the sella turcica, and found round 
to be the most frequent shape in the overall assessment.  
 A difference between the groups was found in the distri-
bution of the sella turcica shape. A flattened shape was 
found more commonly in the cleft group than in the 
control group. Authors have developed several methods 
to understand the shape of the sella turcica. These clas-
sifications are based on the contours of the sellar floor 

and the angles formed by the contours of the anterior 
and posterior clinoid processes and the tuberculum sel-
la  [23–25] .   Several studies have emphasized the frequen-
cy of flat or convex floors, but they only employed plain 
radiography    [26, 27] . In a case report of the use of CT, 
Matsui et al.  [28]  described the sellar floor as flattened 
rather than shallow; this observation was related to a 
pathological condition. Ruiz et al.  [29]  examined the sel-
la turcica in adult human skulls using CT, and classified 
the shapes as “U”, “J”, and “shallow”, found in 48, 41, 
and 11% of the cases, respectively. Alkofide  [10]  catego-
rized the shapes of the sella turcica as 6 different types 
on cephalogram (i.e., normal sella turcica, oblique ante-
rior wall, sella turcica bridging, double contour of the 
floor, irregularity [notching] in the posterior part of the 
dorsum sella, and a pyramidal shape of the dorsum sel-
la). They also revealed that morphological aberrations in 
cleft subjects are more common than the normally 
shaped sella turcica. The results obtained by Alkofide 
 [10]  conformed to the findings of a similar study using 
radiographs of 40 newborns, by Nielsen et al.  [3] . The 
examined newborns had cleft lip and palate, and their 
work demonstrated deviations in sella morphology in 
approximately half of the cases. However, the majority 
of severe deviations were in the newborns with a cleft. 
Describing these differences, Kjær  [1]  noted that the 
bottom part of their sella appeared narrow, which was 
attributed to deformities of the cleft lip and palate sub-
ject’s anterior and posterior walls.

  The length of the sella turcica in the cleft group and 
the depth in the control group were affected by age. In 
the overall assessment, the diameter and depth of the 
sella turcica constantly increased with age Argyropou-
lou et al.  [30]  conducted a retrospective MRI study, 
which revealed that an age-related increase in the size of 
the sella turcica is probable because its contents (pitu-
itary gland) increase with age. Alkofide  [10]  divided ra-
diographs into 2 groups according to age: 10–14 years 
and  ≥ 15 years. They found a significant increase in 
length, depth, and diameter in both noncleft and cleft 
subjects. According to findings by Choi et al.  [24] , the 
size of the sella turcica displays a positive linear tenden-
cy before the age of 25 years. Beyond 26 years of age, the 
dimensional changes of the sella turcica become dor-
mant.
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  Conclusions 

 In this study, a majority of the cleft subjects had a flat-
tened sella turcica compared to the control group. Equal-
ly, a shorter sella turcica was more evident in the cleft 

subjects than in the controls. CBCT can be used to assess 
the sella turcica, and further studies on how the dimen-
sions of the sella turcica are interrelated with pathological 
conditions should be conducted with the use of advanced 
imaging methods.
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