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Abstract

Objective This study aimed to evaluate and compare sizes, shapes and bridging of the sella turcica (ST) in Yemeni individu-
als with different skeletal patterns, genders, and ages, and to assess the association between the linear dimension of ST and
gender, age, or skeletal patterns. The standard anatomical structure of ST among Yemeni subjects is still unknown and this
study can be considered as the first reference regarding ST of Yemeni individuals.

Materials and methods Cephalogram images for 234 subjects (167 females and 67 males) were traced and classified for
groups by gender, age, and dentofacial skeletal patterns. Size, shape, and bridging of ST were assessed. Multivariate ANOVA
(MANOVA) analysis was used to detect the interaction between gender, age, and skeletal patterns on ST dimensions.
Results The mean values for length, anteroposterior diameter, and depth of ST were 8.02+1.67, 11.37 +1.60, and
8.56 +1.26 mm, respectively. A significant difference in length of ST between gender and age stages (p < 0.05) was detected
while older subjects revealed a greater anteroposterior diameter than younger subjects (p < 0.05). The morphological vari-
ations of ST were observed in 55.6% of samples. No significant association between the shape of ST and skeletal patterns
(p>0.05) was found.

Conclusions ST bridging was highly prevalent in Yemeni subjects (35.9%). Samples showed a higher rate of complete ST
bridging in the three skeletal patterns, Class I (17.1%), Class II (18.9%), and Class III (20%). ST dimensions and shape find-
ings in this study can be used as reference standards for further investigation, including the ST area in the Yemeni population.
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Introduction wall (dorsum sellae), and the pituitary fossa in between. The
pituitary fossa is ringed with two anterior and two posterior
““Turkish saddle’” which is commonly known as “Sella Tur-  clinoid processes, which may differ in shape and size [1].
cica” (ST), is a superior depression of the sphenoid bone The ST is considered as one of the critical anatomical
that hosts and protects the pituitary gland. The ST is com-  references in orthodontics because the S-point, located in

posed of the anterior wall (tuberculum sellae), the posterior ~ the center part of sella, is a fixed landmark in cephalometric
analysis. Furthermore, the anterior wall of ST is utilized
to assess craniofacial growth and interrelationship between

04 Fenik Kaml Muhammed jaws [2]. Such assessments are beneficial to predict ortho-
fenik.muhammed @epu.edu.iq dontic treatment outcomes, prescribe convenient orthodontic
D4 Xiaoguang Li plans, and describe craniofacial patterns. On the other hand,
xiaoguangli46 @gmail.com any pathological or anatomical abnormalities in the pituitary

gland could well reveal changes in the shape of ST.

Quite a several studies have been provided that certain
pathological conditions, such as William syndrome [3],
primary hypopituitarism [4], growth hormone deficiency
[5], congenital lumbosacral abnormality, and seckel pear
syndrome [6], could alter the shape and size of ST. One of
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anterior and posterior clinoid processes, that known as ST
bridging [1]. This form can also be highly related to severe
craniofacial deviation, tooth agenesis [7], canine impaction
[8], and individuals with cleft palate [9].

To detect anatomical disorder of the sella area, the normal
morphology of the ST has to be demonstrated. However,
the normal pattern varies from individuals to individuals.
Hence, the evaluation must be conducted in races individu-
ally. That has been embodied in the published literature
[10-13]. To date, average measurements and morphology
of ST in Yemeni subjects remain unclear.

Accordingly, the current study aimed to assess and com-
pare the shape, size, and bridging of ST in Yemeni sub-
jects with different skeletal classifications, genders, and age
stages. The null hypothesis was that no association between
the linear dimension of ST and gender, age, or skeletal
patterns.

Materials and methods

This was a cross-sectional study. The subjects were col-
lected from “3D radiology center” in IBB city, Yemen.
Digital cephalogram, and orthopantomogram, with a full
record of the dental and medical history of 272 patients,
were obtained via email. Radiographs are currently used,
and referrals are being conveyed electronically in conjunc-
tion with photographs [12, 14]. Vatech, Pax-i3D Smart™
machine was used for all lateral cephalometric radiographs
with 50-90 KVp and 4-16 mA for 12.9 sec. The individuals
with distinct craniofacial syndromes, cleft lip, cleft palate,
dental anomalies, severe skeletal deflections, and systemic
conditions that have been proven to cause a transformation
in form and size of ST were excluded. Only radiographs
with high quality and clearance in ST area were involved.
Therefore, the number of samples used in our study was 234
subjects (167 females and 67 males). Radiographs were dis-
tributed according to age into pre and post-pubertal stages,
8—14 years and 15-28 years, respectively, and according
to skeletal patterns into three groups depending on the
ANB angle; Class I: ANB angle 0—4 degree, Class II: ANB
angle >4, and Class III: ANB angle <0 [10, 13, 15, 16]. The
distribution is summarized in detail in Table 1.

Cephalometric analysis and the size of ST

Each cephalometric radiograph was traced with Steiner
analysis by using digital software (Uceph version 4.2.1,
Chengdu ya xun Technology Co., Ltd). The ST dimensions
were measured with the same software by (R.A) author,
consistent with the approach defined by Silverman [17] as
cited by Axelsson et al. [18] as shown in (Fig. 1). The length
of ST was evaluated by drawing a line between the tips of

Table 1 Distribution of sample according to gender, age, and skeletal
class

Females Males
8- 15— 8-14 years 15— Total
14 years 36 years 36 years
Skeletal patterns
ClassI 10 45 4 23 82
ClassII 12 82 15 13 122
ClassIII 5 13 3 9 30
Total 27 140 22 45 234

DS

BPF

Fig. 1 Normal ST morphology and reference lines used for measur-
ing sellae size: TS, tuberculum sellae; DS, dorsum sellae; BPF, base
of the pituitary fossa; black line, length of sellae; dashed line, Antero-
posterior diameter of sellae; dotted line, depth of sellae

tuberculum sellae and dorsum sellae. The depth of ST was
detected as a constructed, perpendicular line from the former
line to the deepest point on the floor surface. The anteropos-
terior diameter (A.P diameter) of ST was calculated as a
distance between the tuberculum sellae and the farthest point
on the fossa’s posterior internal wall.

The shape of ST

ST morphology was classified according to the definitions
of Axelsson et al. [18], as normal shape, irregular notching
in the posterior wall of dorsum sellae, ST bridging, oblique
anterior wall, pyramidal shape of dorsum sellae, and the
double contour of the floor.

ST bridging
ST bridging was evaluated depending on the relationship
between the length and A.P diameter of ST in line with

Leonardi standard [19]:

Type 1 (no calcification): length of ST >75% of A.P
diameter of ST.
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Type 2 (partial calcification): length of ST <75% of A.P

v — O O v <t = v © — O
diameter of ST, in the radiograph, was observed as an 9; oS3 i Pt TZz2z
extension without fusion of the anterior and posterior
clinoid process. B[RS RS add s
Type 3 (complete calcification): fusing between the ante- SlessEssec D82
rior and posterior processes, radiographically detectable
diaphragma sellae. 2|l-2E_=oEB-_-=8-=E

Reliability of measurements g|PLPLLOLLULULOOO
Three months later, 30 lateral cephalometric images were 5 LE % % %
chosen randomly and distributed equally between genders, . é E § E §
age groups, and skeletal classifications. The images were «»
re-evaluated by (X.L) author. The intraclass correlation coef- g _ >
ficient (ICC) was conducted to estimate the ST dimension g 5 E
readings’ reproducibility and Kappa value was used to test = % E"-
reliability for the skeletal pattern, bridging, and shape of EE- 3" é é
ST [20, 21].
N AN O 0 O v O v <t <+
Statistical analysis g|222s83I3z-223 =T
Measurement data were inserted into the statistical pack- Slw v o = S
age of social sciences version 26.0 (SPSS, IBM, New York, = | % % ®© % %~ ® % BB RN D
US) for statistical analysis. After proving the normality and
homogeneity distribution of data. Multivariate ANOVA z gl-=2E 2B -=8-=E
analysis (MANOVA) employed to examine the interaction % % é é é % :ﬁ é E E E E E é
of genders, two age stages and skeletal types on the linear Tf‘; R g
measurements of ST, pairwise comparison and post hoc tests % " "
were performed when the differences statistically signifi- g f.g é 8 Lé 8
cant. Chi-square test was used to evaluate the association % Sl e S 8 S
of ST morphology between genders, skeletal patterns, and 5
age stages. The same test was also carried out to investigate §D — o =
the relation between ST calcification and skeletal patterns. % fo E _;5
Significance was set at p > 0.05. Statistically, the probability s g1, = ;*
of rejecting the null hypothesis was 32% regarding gender & 12| & &
and age interaction on ST length, 40% between skeletal pat- E
terns and ST depth, and 6% between age stages and ST A.P g Al3 5233883 B %R0
diameter, otherwise, the null hypothesis was accepted. g @ la = = cddg - = = =
£ 12239528 0 <+ wn ®©
Results g P N N N 6 B =~ B
b
The reliability measurements were 97, 95, and 94% for A.P é g — E % — E % — = % = = %
diameter, depth, and length of the ST, respectively; and 3 ElE35 555383388388
100% for ST morphology and skeletal pattern, 91% for ST -“E ol R
bridging. T " "
=] = (5] (5]
The size of ST < 8|8 S o =
<
The linear dimensions of ST were 8.02 +1.67, § g o 2
11.37+£1.60, and 8.56 + 1.26 mm for length, A.P diameter, = |3 E _‘Lg’
and depth (Table 2). Summarizes the means and standard ; go o 2 ;‘
deviations of ST measurements according to age, gender § 3128 £
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and skeletal patterns. MANOVA interactions were showed
that there was a significant difference between age and
gender related to ST length (Table 3), pairwise compari-
son clarified that length of ST was greater in pre-pubertal
male than in pre-pubertal female individuals. A significant
association was observed between skeletal classes and the
depth of ST (Table 3) whereas class II cases were with
larger ST depth than class IIT as was explained by Scheffe’s
multiple comparison. The A.P diameter was significantly
correlated with age stages, the older group revealed greater
diameter than the younger group (Table 3). The interaction
among age, gender, and skeletal patterns all together on
length, depth, and A.P diameter of ST was not statistically
significant (Table 3).

The shape of ST

All six patterns of the ST inclusive of the normal pattern as
summed up by Axelsson et al.[18] were found in the current
study (Fig. 2). The normal morphology existed in 44.4% of
subjects, followed by ST bridging (35.9%), pyramidal shape
(6%), and double contour of the floor (5.1%). The oblique
anterior wall (4.7%) and the irregular dorsum sellae (3.8%)
were the least seen shapes. No significant association in the
shape of ST between genders, age groups, or skeletal pat-
terns was detected. Figure 3 typifies rates of ST morphol-
ogy among the three skeletal classifications. The association
between the shape of ST and the linear dimension of ST
was determined (Table 4) and the result was not statistically
significant.

Table 3 Multivariate ANOVA (MANOVA) result for evaluation relation among age, gender, and skeletal classification on length, depth and A.P

diameter of ST

Source Age Gender Skeletal Age *gender Age*classification Gender*classification Age*gender* Error  Total
classifica- classification
tion
By length of ST
Type Il sumof 0.23 1256 3.34 16.08 1.87 7.1 0.2 613.33 15,710.22
squares
df 1 1 2 1 2 2 2 222 234
Mean square 023 1256 1.67 16.08 0.93 3.55 0.1 2.76
F 0.08 454 0.6 5.82 0.34 1.28 0.04
Sig 0.77 0.034* 0.54 0.017* 0.71 0.27 0.96
Eta 0.020 0.026
Observed 0.565 0.671
power
By depth of ST
Type Il sumof 3.54  0.08 9.78 2.96 0.82 4.16 1.86 345.07 17,544.68
squares
df 1 1 2 1 2 2 2 222 234
Mean square 354  0.08 4.89 2.96 0.41 2.08 0.93 1.55
F 2.27 0.05 3.14 1.9 0.26 1.34 0.59
Sig 0.13 0.81  0.045* 0.16 0.76 0.26 0.55
Eta .028
Observed 0.60
power
By A.P diameter of ST
Type III sum of 30.2 0.18 6.77 1.69 1.35 4.4 0.55 537.09 30,864.23
squares
df 1 1 2 1 2 2 2 222 234
Mean square 30.2 0.18 3.38 1.69 0.67 2.2 0.27 241
F 12.48 0.07 1.39 0.7 0.28 0.91 0.11
Sig 0.000* 0.78 0.24 0.4 0.75 0.4 0.89
Eta .053
Observed 0.94
power

dF degrees of freedom, F F value, sig P value, Eta Partial Eta Squared
“P<0.05
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Fig.2 a Normal morphology, b ST bridging, ¢ double contour of the floor, d irregularity (notching) in the posterior wall of dorsum sellae, e

pyramidal shape of dorsum sellae, f oblique anterior wall

Fig.3 Shape of ST in different m Class |
0O, -
skeletal patterns 25.0% m Class 11
20.0% - m Class 11l
15.0% -
10.0% -
5.0% -
0.0% T 1 . ;
Normal Sella Double  Irregular Pyramidal Oblique
sella turcica contour dorm shape anteror
turcica bridge of the sella wall
floor
Table 4 Comparison of linear Shape of ST Length of ST (mm) Depth of ST (mm) AP diameter of ST
measurements of ST between (mm)
shapes of ST
Mean SD Mean SD Mean SD
Normal sella 8.24 1.49 8.52 1.32 11.52 1.55
Sella turcica bridge 7.35 1.71 8.73 1.19 11.06 1.54
Double contour of the floor 8.31 1.50 8.35 1.09 11.67 1.8
Irregular dorm sella 9.29 1.47 8.10 1.05 11.33 1.12
Pyramidal shape 8.07 1.52 9.20 1.22 11.65 1.86
Oblique anterior wall 9.55 1.53 7.52 1.06 11.58 2.16
P value 0.140 0.054 0.263
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Fig.4 a Type 1 (no calcification), b Type 2 (partial calcification), ¢ Type 3 (complete calcification)
Ta‘ble.S Comparison of ST Skeletal pattern ST bridging Total (%) P value
bridging between skeletal
patterns No calcification (%) Partial calcifi- Complete calcifi-
cation (%) cation (%)

Class I 53 (64.6) 15 (18.3) 14 (17.1) 82 (100) 0.397

Class 1T 72 (59) 27 (22.1) 23 (18.9) 122 (100)

Class III 22 (73.3) 2 (6.7) 6 (20) 30 (100)
ST bridging in length of ST between females and males existed, Ghaida

Type 1 of ST bridging was noticed in 62.8% (n=147), type
2 was found in 18.8% (n=44), and type 3 was observed in
18.4% (n=43) of samples in this study (Fig. 4). No signifi-
cant association between ST calcification and skeletal pat-
terns was detected (Table 5).

Discussion

This retrospective study detected and compared the size,
shape, and bridging of ST in Yemeni samples with different
skeletal patterns, genders, and age stages.

Size of ST

The mean size of ST obtained from this study was larger
than that in studies done by Magat et al. [22] among Turk-
ish samples, Shrestha et al. and Muhammed et al. [13, 14]
among Nepalese patients, Ghaida et al. [23] among Jorda-
nian et al. [24] among Iraqi. In contrast, it was smaller by
0.5-2.83 mm than those reported by Alkofide [10] in Saudi
samples. These discrepancies result from ethnic, genetic,
and environmental differences between populations and
the approaches of measurements, which may affect by the
magnification degree in cephalogram and the location of
measuring landmarks.

When determining if gender played differences in the size
of ST, the previous literature [10, 13, 25-28] provided no
significant difference in terms of all three ST dimensions.
In contrast to those studies, Axelsson et al. [18] and Sath-
yanarayana et al. [11] observed that a significant difference

et al. [23] conducted a study on 509 samples, found that
only height of ST showed a significant difference between
females and males while Magat et al. [22] found that the A.P
diameter was different between genders. While the current
study result revealed that the significant difference was in
the interaction between age and gender related to the length
of ST, pre-pubertal female subjects were with shorter ST
length than pre-pubertal males. May we need future studies
to enhance and justify this result especially since this study
is the first investigation conducted on Yemeni individuals.

Increasing the size of ST with age was associated with
increasing the pituitary gland’s size [29, 30]. In the current
study, significant differences in A.P diameter of ST among
age groups were noticed. Post-pubertal patients had greater
A.P diameter than pre-pubertal patients. This result is con-
sistent with a study by Valizadeh et al. [31]. Muhammed
et al. [12] carried a study on 360 samples from three races.
Found that older patients presented higher length and diam-
eter of ST than younger patients. Alkofide [10], and Yasa
et al. [25] recorded that all three dimensions of ST increased
with age. Hence, ST is growing with age, this growth hap-
pened at an early age in females, as stated by Preston [32].
Choi et al. [33] registered that growth is continuing up to
25 years of age. Therefore, no significant rise was recorded
after 26 years of age.

In all related literature, whether or not the skeletal pattern
correlates with the size of ST is still unclear. Alkofide [10]
stated that the individuals with skeletal Class III patterns
revealed a larger ST diameter compared to the individuals
with Class II patterns. Shrestha et al. [13] found that length
and A.P diameter was larger in Class III patients than those
with Class II. In this study, individuals with skeletal Class III
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revealed a smaller depth of ST compared to individuals with
skeletal class II pattern. Contrarily, Magat et al. [22], Meyer-
Marcotty et al. [34] and Shah et al. [28] stated that there was
no significant difference between the linear dimension of ST
and skeletal patterns. These discrepancies among the results
might be due to the difference in the degree of magnification
or sample compositions (ethnicity, gender, age, etc.).

The shape of ST

Fifty-six percent of the patients indicated different vari-
ations in the shape of ST, and only 44% revealed normal
sellae morphology in the present study. Shrestha et al.
[13], Alkofide [10], and Sathyanarayana et al. [11] found
the opposite result to the current research that patients with
normal morphology of ST more than those with other varia-
tions in Nepalese, Saudi, and South Indian. However, Magat
et al. [22] stated that only 39% of Turkish patients indicated
normal ST morphology and 61% with other variations. The
irregular shape of dorsum sellae was the least seen in this
study (3.8%). In contrast, it was the most common finding
in the population of Nepalese 15% [13], Saudi 11.1% [10],
and South Indian 15% [11].

No significant differences in morphology of ST between
genders, age groups, or skeletal patterns were detected.

Bridging of ST

ST bridging morphology was the most common variation
of ST in this study, 35.9%. This result was higher than all
the previous literature. Type 1 bridging was noticed in
62.8%, type 2 was seen in 18.8%, and type 3 was observed
in 18.4% of the patients. According to the study conducted
by Shrestha et al. [13], 65% of the patients indicated type 1
bridging, 23.33% type 2, and 11.67% type 3. Leonardi et al.
[19], who used the length of ST rather than the interclinoid
distance to detect the bridging type reported that 56.4, 33.7,
and 9.9% of the patients revealed type 1, 2, and 3 of ST
bridging, respectively, in the control group. In this study, the
percentage of type 3 ST bridging was higher than all previ-
ous studies. Kogali S et al. [35] executed a cadaveric study
of 112 adult skull bones to appraise the existence of type 3
ST bridging, which was 8.04%. Relatively higher percent-
age (18.4%) may have been detected in the present study as
this was a radiographic study. The discrepancies between
the radiographic studies and direct anatomical studies may
be caused by overlapping’s superimposition of the clinoid
processes in the cephalograms [36].

This study showed that 17.1% of Class I, 18.9% of Class
II, and 20% of Class III were with type 3 ST bridging.
Whereas Shrestha et al. [13] found that 5% of Class I and
17.5% of Class III indicated type 3 ST bridging. Meyer-
Marcotty et al. [34] reported that 9.4% of Class I and 16.8%
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of Class III with type 3 ST bridging. An increase in the per-
centage of type 3 ST bridging in this study could be racial
or maybe because of radiological reasons.

In the current study, there was no significant associa-
tion between bridging types and skeletal patterns, while
research has been done by Dasgupta et al. [37] who con-
sidered ST bridging as a predictor of Class II malocclu-
sion. On the other hand, Meyer-Marcotty et al. [34] and
Shrestha et al. [13] have found that the frequency of type
3 ST bridging in Class III is more than that in Class II.
Abdel-Kader [38] registered that 6.9% of ST bridge was
noticed in the orthognathic group, and 4.83 percent of ST
bridging noticed in the orthodontic group in Saudi sam-
ples. Pattern of malocclusion affects the prevalence of ST
bridging [1, 38]. A recent study has been performed on
156 Japanese patients with tooth agenesis, cited that ST
bridging increased in patients with tooth agenesis. Another
study was published by Sinha et al. [9] on 300 patients
and reported that ST bridging resembled 38% in the cleft
individuals group but only 10% in the non-cleft group.
In our investigation, patients with tooth agenesis or cleft
palate both were excluded. Calcification of diaphragma
sellae, or ‘bridging’ of the ST, with no symptoms or clini-
cal abnormalities, is regarded as one of ST normal vari-
ants [39]. However, some pathological conditions may
relate to this calcification [7, 19, 40]. The study has been
conducted on lateral cephalogram radiographs, which are
two-dimensional images. Thus the obtained values were
not as accurate as those obtained from the studies that
use three-dimensional images (CBCT) or from cadaveric
studies. Another drawback is the data was collected via
email. Therefore, there were no model casts, and some
tooth anomalies could not be detected.

Conclusion

ST bridging rates were obviously higher in Yemeni indi-
viduals (35.9%) in comparison with other populations.
Length of ST was affected by the gender and age of sub-
jects; however, A.P diameter of ST was influenced by only
the age. No striking effects of skeletal patterns on calcifi-
cation types or shape, length, and A.P diameter of ST were
found. No association between the shape of ST and gender,
age, and skeletal patterns of samples or between shape and
size of ST were noticed. The findings of the current study
can be utilized as reference standards for Yemeni subjects
when studying ST by orthodontists, radiologists, or maxil-
lofacial surgeons.
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