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Abstract

Objectives This study was performed to assess the morphological appearance, incidence of bridging, and linear dimensions
of the sella turcica (ST) in Bosnian and Iraqi subjects, and to identify associations of sex, age, and racial group with the size
of the ST.

Methods The digital standardised lateral cephalograms of 360 Bosnian and Iraqi patients (116 female, 64 male; age range
8-28 years) were retrospectively analysed. The following ST-related parameters were analysed on the lateral cephalograms:
sella morphology, sella bridging, and sella size. The data were correlated with sex, age, and race.

Results The ST exhibited a normal morphology in most subjects of both races (86.7%). The frequency of partial bridging
was found in 38.9 and 37.2% of Bosnian and Iraqi subjects, respectively. A significant correlation was detected between the
length of the ST and sex in both the Bosnian and Iraqi subjects (p < 0.05). A direct correlation was present between patient
age and the size of the ST in both races at the 0.01 and 0.001 levels for depth, length, and diameter. When race was compared
with sella size, a significant difference was found in the length and depth of the ST (p < 0.001).

Conclusions Similarities were found between Bosnian and Iraqi subjects in the morphology, incidence of bridging, and
linear dimensions of the ST. Length was the only parameter significantly associated with sex, age, and racial group. These
findings could be used as reference standards for studying the ST in both races.
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Introduction

Several anatomical landmarks on lateral cephalometric radi-
ographs have been established as reference points during
tracing to measure and position the mandible and maxilla
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either in relation to the cranial base or in relation to each
other. These landmarks serve as a diagnostic tool during
evaluation of orthodontic treatment outcomes [1, 2]. The
sella turcica (ST) is an important saddle-shaped anatomical
structure on the lateral cephalometric radiograph [3]. The
sella point, which is located in the middle of the ST, is one
of the most commonly used cranial landmarks for cephalo-
metric tracing. The ST possesses the anterior and posterior
clinoid processes [4] and central hypophyseal fossa, situ-
ated in the superior part of the sphenoid bone. The deepest
part of the ST houses the hypophysis (pituitary gland) in the
cranial base [1, 5, 6]. On a lateral skull radiograph, the ST
exhibits a varied anatomical structure with respect to size
and shape and has been classified into three types: round,
oval, and flat. Round and oval STs are the most common
types [2, 7]. Various methods to measure the size of the ST
on radiographs have been suggested [8—10]. The sella bridge
or calcification of the interclinoid ligament is a fused bony
structure that forms as a result of abnormal development in
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the anterior, middle, and posterior clinoid processes [4, 11].
An altered ST morphology, or ST bridging (STB), is present
in some patients with severe craniofacial deviations, con-
genital malformations, spina bifida [12], dental anomalies,
and other disorders and syndromes or is considered a normal
variant of the ST [13].

Various authors have studied the shape and size of the ST
in the populations in their own countries [1, 4, 14—16]. How-
ever, variations in the ST dimensions among the Bosnian
and Iraqi populations have not been investigated. Therefore,
this study was performed to elucidate the morphological
appearance, incidence of STB, and linear dimensions of the
ST in Bosnian and Iraqi subjects and identify any possible
associations of sex, age, and racial group with the size of the
ST. The null hypothesis was that association exists between
the linear dimensions of the ST and sex, age, or racial group.

19.9+4.043

19.9+3.921

Age (years)

15-28

n
40
40

Subjects and methods

11.0+2.668

The study group comprised 360 subjects, among whom
116 were female and 64 were male from each racial group.
The selection of all subjects was based on the inclusion and
exclusion criteria described below. =

The data were divided into two groups according to the
subjects’ age: 8—14 and 15-28 years. The mean age in each
of these age groups in both races is presented in Table 1.
The selection criteria for these age groups were based on
previous studies showing no significant change in the mor-
phology of the ST after 12 years of age. Girls have finished
their pubertal development by roughly 15 years of age; the
size of the ST in young adult men and women is reportedly
almost the same except during pregnancy [1, 7, 15].

Study data were gathered at two different geographic
locations: Banja Luka and Sulaimani cites. Banja Luka is
the largest city located in the northwestern part of Bosnia =
and Herzegovina [17]. Sulaimani city is located in northeast
Iraq, and most of the population is of Kurdish origin [18].
The details of the study subjects, the data collection sites,
and the instruments used for cephalometric radiographs are
presented in Table 2.

All cephalometric radiographs were reviewed and meas-
ured by the principal author. Digital lateral cephalograms
with records from the Bosnian and Iraqi subjects were col-
lected electronically. Radiographs are now commonplace,
and referrals, along with photographs, are being increasingly
communicated via email [19, 20].

Age (years)
12.1+1.659

Male
8-14
24
24

18.9+2.932

17.4+2.785

Age (years)

15-28

54
54

10.9+1.974

11.9+1.666

Age (years)

Female
8-14

n
62
62

Inclusion and exclusion criteria

The inclusion criteria were a clinically healthy status, no
severe malformations, and treatment by orthodontics alone
without surgical intervention if class III malocclusion was

Age of each racial group is presented as mean + standard deviation

Table 1 Study groups divided according to race, sex, and age

Age range (years)

Bosnian
Iraqi
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Tab|e2. Details of data . Bosnia Traq
collection and radiographic
instrumentation City Banja Luka Sulaimani
Race Bosnian Iraqi
Subjects, n 180 180

Data collection site

Radiograph system

kVp

mA

Exposure time (s)
Software

Origin

Private clinic

Planmeca ProMax® 3D Max

78

13

12.1

Planmeca Romexis
Helsinki, Finland

Department of Orthodontics,
School of Dentistry, Univer-
sity of Sulaimani

Vatech, PaX-i3D Computed
Tomography X-ray system
(Model: PHT-6500)

50-90

4-10

12.9

EasyDent V4 (version 4.1.4.1)

United States

present. The exclusion criteria were cleft lip and palate,
craniofacial syndromes, trauma, multi-reagent chemother-
apy, and poor-quality images [13].

Size of the ST

The linear dimensions of the ST were measured using a
digitising WinCeph® version 8.0 software (Rise Corpora-
tion, Sendai, Japan) according to the method described
by Silverman [21]. Radiographs were of good quality and
clearly showed the ST anatomy. The imaging analysis
software was calibrated to account for any differences in
magnification due to radiographic technique and/or use
of the cephalostat. A bone filtre was applied for improved
contrast and more accurate location of structures. Four
landmark points of the ST were carefully placed: the tuber-
culum sella (anterior point of the contour of the ST), the
dorsum sella (furthest point on the posterior wall of the
ST), the sella floor (deepest point on the base of the pitui-
tary fossa), and the posterior clinoid (most anterior point
of the posterior clinoid process).

The software calibrated linear measurements of the
sella length and interclinoid distance, indicating the dis-
tance between the tuberculum sella and dorsum sella as
well as the position, diameter, and depth of the diaphragm
sellae as shown in Fig. 1.

Shape of the ST

The morphology of the ST was classified into three
groups: U shape (dorsum and tubercle of the ST are at
the same height), J shape (ST tubercle is at a lower posi-
tion in relation to the dorsum), and flat shape (ST depth is
minimal) [7, 22].

TS

DS

BPF

Fig. 1 Normal sella turcica morphology and reference lines used for
measuring sella size. TS tuberculum sella, DS dorsum sella, BPF base
of the pituitary fossa, black line length of sella, dashed line diameter
of sella, dotted line depth of sella, line a sella length/interclinoid dis-
tance, line b diameter of diaphragm sellae, /ine ¢ depth of diaphragm
sellae

STB

STB was classified as no calcification, partial calcification,
and complete calcification according to previously applied
criteria [13, 23]. Partial calcification includes extension but
no fusing of the anterior and posterior clinoid processes.
Full bridging was defined as radiographically visible fusion
(ribbon-like fusion) of the anterior and posterior structures
of the ST.

Reliability of measurements
To reduce bias due to intra-examiner variability, 40 lateral
cephalometric radiographs were randomly selected (20 from

each racial group) and re-evaluated by the same operator
4 weeks after the initial analysis. The intraclass correlation
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coefficient (ICC) was used in this study. The ICC estimates
and their 95% confidence intervals were calculated using
SPSS v.20.0 (IBM Corp., Armonk, NY, USA) based on a
mean-rating, consistency, two-way mixed-effects model. The
ICC is a widely used index of measurement reliability to
evaluate the reproducibility of the readings [24].

Statistical analyses

The statistical software SPSS v.20.0 (IBM Corp.) was used
for statistical analysis of the data. Descriptive statistics such
as mean values and standard deviations were generated for
every parameter. The Welch unequal variance ¢ test was
used to compare the mean differences in ST measurements
between sexes and between the different age groups. The
effects of race, sex, and age on the dimensions of the ST
were evaluated using multiple linear regression models. The
significance level was calculated at the p <0.05 level.

Results

The reliability statistics for the ST length, depth, and diam-
eter in Bosnian subjects were 0.98, 0.98, and 0.96, respec-
tively. The reliability statistics for Iraqi length, depth, and
diameter in Iraqi subjects were 0.99, 0.92, and 0.92, respec-
tively. These results indicate excellent reproducibility of
the remeasured radiographs. Based on the 95% confidence
interval of the ICC estimate, values of <0.50, 0.50-0.75,
0.75-0.90, and > 0.90 were indicative of poor, moderate,
good, and excellent reliability, respectively [24].

Shape of the ST

Three different shapes of the ST were observed: U, J, and
flat shapes. Most of the Bosnian and Iraqi subjects showed
a U-shaped morphology of the ST (86.7%). A small propor-
tion of Bosnian and Iraqi patients had a flat or shallow ST
(1.1 and 3.9%, respectively) (Table 3).

Assessment of STB in the study groups showed three
distinct types: no STB, partial STB, and full STB. The inci-
dence of no STB in the Bosnian and Iraqi subjects was 53.9
and 57.2%, respectively. The incidence of partial STB in the
Bosnian and Iraqi subjects was 38.9 and 37.2%, respectively.
Finally, full STB occurred more frequently in the Bosnian
subjects (7.2%) than Iraqi subjects (5.6%), as shown in
Table 3.

Size of the ST

Sex was significantly related to the length of the ST in both
study groups (p <0.05) (Table 4).
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Table 3 Frequency distribution of sella turcica bridging and shape by
race

Bosnian Iraqi

n % n %
U shape 156 86.7 156 86.7
J shape 22 12.2 17 9.4
Flat 2 1.1 7 39
Total 180 100 180 100
No bridging 97 53.9 103 57.2
Partial bridging 70 38.9 67 37.2
Full bridging 13 7.2 10 5.6
Total 180 100 180 100

The ST linear dimensions by age group are shown in
Table 5. A statistically significant association was found
between the size of the ST and age in both the Bosnian
(»<0.01) and Iraqi patients (p <0.001).

Table 6 shows the results of one-way analysis of variance
for the effects of race on sella length, depth, and diameter
in the Bosnian and Iraqi subjects irrespective of age or sex.
Sella length and depth were significant in both races, and the
difference was highly significant (p <0.001). Multiple lin-
ear regression models were applied to investigate the asso-
ciations between linear measures of ST (length, depth, and
diameter) and race, adjusted for patients’ sex and age. The
results showed that after the adjustment, the associations
between length and all factors were statistically significant.
The depth and diameter were significantly associated with
sex and age, respectively (Table 7).

Discussion

This retrospective study was performed to reveal the mor-
phological appearance, incidence of bridging, and linear
dimensions of the ST in Bosnian and Iraqi subjects and
identify any possible associations of sex, age, or race with
the size of the ST. A study of this type does not appear to
have been performed previously.

Cephalometric morphometric studies of the ST have
long been performed by many researchers, but they have
mainly been restricted to one population [1, 14-16, 25]. In
the present study, Bosnian and Iraqi subjects were selected
and compared. The radiographic diagnosis of the shape of
the ST was performed according to the criteria established
in the literature and classified into three morphological vari-
ations: U, J, and flat [1, 7, 22, 26]. A greater frequency of a
U- and J-shaped ST has been described in normal patients
[7, 22, 26]. The results of the present study showed that the
frequency of a U-shaped ST was identical in the Bosnian and
Iraqi patients (86.7%). It seems that a flat-shaped ST is less



Oral Radiology (2019) 35:127-134

131

Table 4 Sella turcica linear

‘ . Sex n Mean SD SEM p value
dimensions by sex
Bosnian
Length Female 116 9.4 1.453 0.135 0.027*
Male 64 10.0 1.723 0.215
Depth Female 116 6.7 1.346 0.125 0.299
Male 64 6.5 1.284 0.161
Diameter Female 116 10.7 1.286 0.119 0.745
Male 64 10.4 1.432 0.177
Iraqi
Length Female 116 8.6 1.478 0.137 0.044*
Male 64 9.3 2.283 0.285
Depth Female 116 7.5 1.204 0.112 0.903
Male 64 7.5 1.659 0.207
Diameter Female 116 10.9 1.524 0.142 0.473
Male 64 10.7 1.953 0.244

All measurements are given in millimetres

The p values correspond to comparisons made between females and males for a single dimension within

the same race

SD standard deviation, SEM standard error of the mean

*Statistically significant (p <0.05) as assessed with Welch’s unequal variance ¢ test

Table 5 Sella turcica linear

; . Age group (years) n Mean SD SEM p value
dimensions by age
Bosnian
Length 8-14 86 8.9 1.257 0.136 0.000%**
15-28 94 10.3 1.498 0.155
Depth 8-14 86 6.3 1.045 0.113 0.001**
15-28 94 6.9 1.477 0.152
Diameter 8-14 86 10.1 1.212 0.131 0.000%**
15-28 94 10.9 1.539 0.117
Iraqi
Length 8-14 86 8.2 1.390 0.150 0.000%**
15-28 94 9.4 2.011 0.207
Depth 8-14 86 7.2 1.078 0.116 0.0017%+*
15-28 94 7.8 1.547 0.160
Diameter 8-14 86 10.2 1.356 0.146 0.000%**
15-28 94 11.3 1.776 0.183

All measurements are given in millimetres

The p values correspond to comparisons made between age groups for a single dimension within the same

race

SD standard deviation, SEM standard error of the mean

**p<0.01, ¥***%p <0.001 as assessed with Welch’s unequal variance ¢ test

likely to occur in both races compared with previous studies
[7,22,26]. The flat type is reportedly the least frequent [27].

Knowledge of the prevalence of STB is essential in the
prognosis of surgical procedures of the ST. There is a clear
tendency toward a greater frequency of partial bridging in
Bosnian and Iraqi patients with no clinical manifestations.
Partial bridging was found to occur in 13.6% of Peruvian

patients [23]; this is a markedly lower incidence than in
Bosnian (38.9%) and Iraqi subjects (37.2%). The highest
incidence of partial bridging was recorded in patients from
Texas (38.4%) [28]. The occurrence of STB is also pos-
sible in healthy populations, with a range of 1.75-22.00%
reported in anatomical and radiographic studies [15, 27,
29-31]. The frequency of full STB observed in our study

@ Springer



132

Oral Radiology (2019) 35:127-134

Table 6 Effects of race on sella

! . ’ Race n Mean SD SEM p value
linear dimensions

Length Bosnian 180 9.68 1.574 0.117 0.000%**
Iraqi 180 8.89 1.826 0.136

Depth Bosnian 180 6.64 1.325 0.099 0.000%**
Iraqi 180 7.54 1.379 0.075

Diameter Bosnian 180 10.81 1.330 0.099 0.849
Iraqi 180 10.84 1.687 0.126

All measurements are given in millimetres

SD standard deviation; SEM standard error of the mean

#i%p < 0.001

Table 7 Multiple linear Length (R*=0.204)

Depth (R?=0.058) Diameter (R>=0.167)

regression models showing

associations between race and B SEM  Significance B SEM Significance B SEM  Significance
size of sella turcica, adjusted for
sex and age Race —0.794 0.165 0.000%** 0.061 0.159 0.704 0.031 0.147 0.835

Sex 0.409 0.174 0.020% —0.748 0.168  0.000%** —-0.266 0.155 0.086

Age 1.248 0.167 0.000%** —-0.120 0.161 0.457 1.251 0.413  0.000%**

B regression coefficient, SEM standard error of the mean

%p<0.05, ***p <0.001

was 7.2 and 5.6% in the Bosnian and Iraqi subjects, respec-
tively. The highest incidence of full STB was recorded in
Anatolian subjects (34.17%) [11]. No STB was found in
Bangladeshi subjects [31]. A higher percentage of STB
was reported in medically compromised patients and those
with tooth anomalies [12, 23]. STB was present in 18.6% of
patients with severe craniofacial disorders, 13.0% of those
with Williams syndrome [32], 7.3% of those undergoing
orthodontic treatment, and 16.7% of those undergoing sur-
gical orthodontic treatment [33]; a range of 0.7-43.3% was
observed in patients with skeletal class I, II, and III maloc-
clusion [1, 15, 23]. The effect of STB on the pituitary gland
is not known [12].

Selected radiographs were classified according to the
two populations in this study to determine the association
between the size of the ST and sex. A statistically signifi-
cant difference was detected between males and females in
the length of the ST in each study group. The current study
outcome is not consistent with previous studies performed
in Iraqi [7], Saudi Arabian [1], Pakistani [14], Iranian [15],
Nigerian [34, 35], Malaysian [22], Maharashtrian [36],
Indian [16], and Bangladeshi [31] populations, among which
no notable associations were found between sex and ST
length, depth, or diameter. When our study sample was com-
pared with an Iraqi sample in another study by Hasan et al.
[7], the sella length was the only variable found to be sig-
nificantly different between the sexes, being larger in males
in the present study. This discrepancy can be attributed to
factors such as ethnicity, the use of different landmarks and
radiographic techniques, and the degree of radiographic
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enlargement. A study in Greece showed that the anterior
sella height was larger in males than in females [25].

Statistically significant correlations were found between
the dimensions of the ST and age groups. The ST was con-
sistently larger in older than younger subjects. This result
is in agreement with previously reported studies showing a
direct and significant correlation between advanced age and
the length, depth, and diameter of the ST [1, 16, 22, 27]. One
study of Iranian subjects showed that the length and depth
were not affected by age, while the diameter was signifi-
cantly correlated with increasing age [15]. In contrast to our
findings, previous measurements in Iraqi subjects showed
no significant differences in linear dimensions between the
older and younger age groups [7]. This may be attributed to
the same reasons explained earlier.

Significant differences were found between the two racial
groups and the length and depth of the ST (Table 6). To
date, no evidence has been found associating race with the
linear dimensions of the ST. Comparisons between the two
groups were made using regression analyses. Length is gen-
erally seen as a factor strongly related to race, sex, and age.
Sex was significantly related to length and depth, while age
was significantly related to length and diameter (p <0.001).
The present findings seem to be consistent with other stud-
ies, which showed that age was significantly related to the
change in the length and diameter when comparing skeletal
classifications and linear dimensions of the ST [1]. However,
in a study conducted by Valizadeh et al. [15], the associa-
tions of sex and age with the size of the ST were not statisti-
cally significant.
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Table 8 Global and present

Gr SA Pk Br Ir In Ng Tr My Bd

Measurements Ba® Iq*
study data of sella turcica a4
measurements Technique a a

Subjects, n 180 180

Sella length (mm) 9.6 8.8
Sella depth (mm) 6.6 7.5
Sella diameter (mm) 10.8 10.8

a a a b a a c a b b
184 180 180 100 90 180 100 118 183 166

846 7.1 110 114 1031 9.04 88 1259 X 846 8.63
744 66 91 98 633 803 7.1 894 93 744 842
10.79 X 139 139 X 13.02 109 X 14.1 10.79 9.9

Techniques used for data collection: (a) cephalometry; (b) computed tomography; (c) lateral radiographs

Ba, Bosnia; Ig, Iraq [18]; Gr, Greece [25]; SA, Saudi Arabia [1]; Pk, Pakistan [14]; Br, Brazil [26]; Ir, Iran
[15]; In, India [16]; Ng, Nigeria [35]; Tr, Turkey [4]; My, Malaysia [22]; Bd, Bangladesh [31], X no data

available

Current study

We also compared our findings with the current global
data regarding the ST size (Table 8) [1, 4, 7, 14-16, 22,
25, 26, 31, 35]. The linear dimensions in 180 subjects
in each racial group in our study were lower than those
in Saudi Arabian [1] and Pakistani [14] subjects. Iranian
[15] and Turkish [4] subjects showed a greater depth and
diameter than in our subjects, and the largest sella length
was recorded among Nigerian patients [35]. It might be
helpful to assess these linear dimensions and morphologi-
cal shapes of the ST in other populations.

Measurement of the ST and examination of its morphol-
ogy are vital for evaluation of pituitary gland pathology.
The sella shape and size may be used as reference stand-
ards for Bosnian and Iraqi subjects, particularly those of
the Kurdish ethnic group, when studying ST morphology.

Within the limitations of the current study, the follow-
ing conclusions can be drawn. The most striking observa-
tion was that similarities were present between the Bos-
nian and Iraqi subjects in morphology, the incidence of
bridging, and the linear dimensions of the ST. The length
and depth of the ST were significantly associated with
race. The length of the ST is the only parameter signifi-
cantly associated with race, sex, and age, justifying rejec-
tion of the null hypothesis. The associations among these
factors should be investigated in future studies.
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