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Introduction:
Sella turcica is situated in the mid-cranial region 
and lies on the intracranial surface of the sphe-
noid body. It has a complex anatomical structure 
and relationship with various anatomical enti-
ties such as the pituitary gland, internal carotid 
artery, and cranial nerves. 2 anterior and 2 pos-
terior clinoid processes are located over the pi-
tuitary fossa. Th e size and shape of clinoid pro-
cesses may vary: they can be short and blunt or 
protrude above the pituitary fossa and are some-
times connected. Remodeling of tuberculum 
sellae and the posterior border of sella turcica 
continued up to 16–18 years of age. Th e fl oor of 
the sella turcica is the pituitary fossa with the pi-
tuitary gland. Any abnormal or pathologic status 

in the gland could cause a variation of the sella 
turcica shape and the glandular hormones secre-
tion. Clinicians should provide a basis for iden-
tifying and eff ectively investigating changes, 
even before the onset of symptoms of pituitary 
or craniofacial syndromes, which may refl ect 
pathologic conditions, the variability of normal 
radiographic anatomy, and sella turcica. Th ese 
changes can also occur in some syndromes 
and cranio-facial abnormalities that aff ect the 
cranio-facial region such as primary hypopitu-
itarism, Williams syndrome, growth hormone 
defi ciency, Cushing’s syndrome, lumbo-sacral 
myelomeningocele, the presence of intra-sellar 
adenomas, empty sella syndrome, and Rathke’s 
cleft  cysts and aneurysms. By means of magnetic 
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turcica and its correlation with skeletal class I, II , and III Pakistani subjects to determine the 
diff erences in gender, age and skeletal patt erens. In this study, lateral cephalometric radio-
graphs of 350 individuals between the ages 7-60 years were selected. Manual tracing was used 
to calculate the length, depth and diameter of  sella turcica. Morphological abberations types 
were identifi ed.
Results showed variation in morphological appeaarance in majority of subjects (76 percent).
No signifi cant diff erence in linear dimensions between genders could be found. When age 
was evaluated, signifi cant diff erences were found. Sella size of older age group was larger than 
in the younger age group. Signifi cant diff erence was found in diameter of sella  between class 
II and class III subjects. Larger diameter values were present in class class III subjects, while 
smaller diameter sizes were apparent in class II subjects(multiple comparison test). When 
gender, age and type were all compared  with the size of sella (regression analysis), age was 
signifi cantly related to change of length, depth and diameter.
Results of the current study can be used as a reference standards for further investigations 
involving the sella turcica area in Pakistani subjects. 

Keywords: Sella turcica, length, depth and diameter of sella turcica, lateral cephalometric ra-
diographs, primary hypopituitarism, Williams syndrome, growth hormone defi ciency, Cush-
ing’s syndrome, lumbo-sacral myelomeningocele, the presence of intra-sellar adenomas

Quratul aine Shabbir, Hassan S, Zia-Ur-Rehman M, Afzal J, Haider E, Ali F, Saleem A , Zafar S, 
Jahangeer A

Th e shape and size of sella turcica in skeletal class I, II and 
III Pakistani subjects



284

Pak J Surg 2021; 37(4):283-90

QA Shabbir, Hassan S, ZUrR M, Afzal J, Haider E, Ali F, Saleem A , Zafar S, Jahangeer A

resonance imaging (MRI), Baleriaux et al. con-
cluded that macro-adenomas, meningiomas, 
craniopharyngiomas, and cysts are more prob-
able causes of deformation of the neighbouring 
bony structures.

Tracing of cephalometric radiographs involves 
the use of many landmarks within the cranium. 
Th ese landmarks are used to measure the rela-
tive position of maxilla and mandible to the 
cranium and to themselves. Studying these 
structures assist in orthodontic diagnosis, to as-
sess the growth through super-imposition on a 
longitudinal basis and to evaluate orthodontic 
treatment results. One such landmarks is sella 
turcica (sella point S) which has been routinely 
used in various cephalometric analysis.5 cepha-
lometric analysis was discovered by Broadbent 
in 1931, since then its been widely used in the 
fi eld of orthodontics. So it is essentialfor the or-
thodontists and other clinicians to be familiar 
with the normal radiographic anatomy and mor-
phological variations of this region to identify 
any deviations that may refl ect the pathological 
conditions even before they are clinically appar-
ent.5

Size of the sella turcica is variable with normal 
dimensions ranging from an antero-posterior 
diameter of 5 to 16 mm and depth of 4 to 12 
mm. Bridging of sella turcica is the fusion of the 
anterior and posterior clinoid process. Bridg-
ing is considered as an anatomical abnormality 
and has been reportedto occur in skeletal, dental 
malformations and in several syndromes. 

Signifi cant personal and ethnic diff erences have 
been reported in linear and angular cephalo-
metric measurements of sella turcica in previous 
studies. Th erefore, further investigations are re-
quired to obtain more data on this subject. Data 
regarding the morphologic standards of people 
are necessary in all communities. Th e morphol-
ogy of sella turcica is diff erent from person to 
person. Th us, gaining knowledge in this regard 
will be a great help in detecting abnormalities in 
this anatomic area. 

Since dentists and orthodontists frequently or-

der and evaluate cephalo-metric radiographs, by 
learning and knowing the normal variations of 
the sella turcica, they will be able to recognize 
abnormalities of this area if there is change in 
these normal variations, even before the appear-
ance of clinical manifestations. 

At present, determining the morphology of the 
human craniofacial region is the focus of att en-
tion for researchers in various fi elds of study i.e. 
radiology and orthodontics. 

To assess whether the sella region has a normal 
or unusual appearance, the normal morphology 
of the sella turcica should be studied. Th e shape 
and sizes of sella turcica may alter greatly from 
person to person, and the knowledge of this al-
teration will help the clinician to discriminate 
any abnormality in this area. Th us, the purpose 
of this study was to examine age- and gender-re-
lated diff erences in shape and size of sella turcica 
in patients with various skeletal class I, II and III 
types.

Materials and methods:
Th is study was initiated aft er approval of the IRB 
committ ee at Orthodontic Department, Multan 
Medical and Dental College, Pakistan having 
number ‘MDC 0416’. Th e sample size calculat-
ed to be 350 patients out of which (118 male, 
232 females) with age range of 7-60 years were 
obtained from 1st June 2019 till 31st December 
2020. All cephalometric radiographs included 
clear reproduction of sella turcica. Syndromic 
patients or patients with major illness were not 
included. Individuals with major illness or med-
ical conditions were excluded from the study. 

All the lateral cephalograms were taken by the 
same trained operator on Soredex, cephalostat 
machine at 85 kvp, 10 mA and 0.8-second expo-
sure time using 9 ×10 inch, Fuji thermal printed 
double emulsion fi lm  with the patient’s head in 
postural position. 

Distribution into skeletal classes: Classifi cation 
of skeletal type into Class I, II, and III was based 
on the ANB angle proposed by Stiener13 Analy-
sis. Th e ANB angle indicates the magnitude of 
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the skeletal jaw discrepancy, regardless of which 
jaw is at fault. Skeletal base class was categorized 
as follows: angles 0-4 degrees Class I skeletal 
base; angles more than 4 degrees Class II, and 
angles less than 0 degrees Class III.13 Table 1 
shows the distribution of classes and genders.

Cephalometric tracing of sella turcica: Manual 
tracing was used to measure length, depth and 
diameter of sella turcica. Th e outline of sella 
turcica which consisted of the tuberculum sella, 
fl oor, dorsum sella, anterior and posterior cli-
noid process was drawn.

Size of sella turcica: Th ree linear measurements 
of the sella turcica i.e. length, diameter and 
depth in mid-sagitt al plane were obtained in ac-
cordance to Silverman and Kisling methods.

Length: Th e distance between the tuberculum 
sella to the tip of dorsum sella.

Depth: A line perpendicular to the line drawn 
above to the deepest point on the fl oor.

Antero-posterior Diameter: Line drawn from 
the tuberculum sella to the most posterior point 
on the posterior inner wall of the fossa. (Figure 
1).

Shape of sella turcica: Th e study of Axelsson et 
al.15 was used to determine the shape of sella 
turcica, according to which 5 variations in mor-
phology of sella turcica can be described apart 
from normal morphology. Th ese variations are 
oblique anterior wall, double contour of fl oor, 
sella turcica bridging, irregularity in posterior 
part of dorsum sellae, pyramidal shape of the 
dorsum and double contour of thef loor.15 (See 
fi gure 2a and fi gure 2b).

Statistical analysis: All statistical calculations 
were carried out with the SPSS soft ware Ver-
sion 20 (Chicago, Ill). Frequency and percent-
age were presented  for qualitative variables like 
gender, shape of sella turcica. Mean and stan-
dard deviation were presented for quantitative 
variables like age, size (length, depth and diam-
eter). A Student’s t-test was used to calculate 
mean diff erences in sella turcica linear dimen-
sions between males and females and between 
diff erent age groups. One-way ANOVA test was 
performed to study the relationships between 
skeletal type and sella turcicasize. Scheff e’s mul-
tiple comparison test was used to distinguish 
which skeletal class showed the most signifi cant 
diff erence in diameter size. To test the inter-rela-

Table 1: Subjects grouped according to gender, age and skeletal class

Skeletal Class Males Females
14 and below 15 and above 14 and below 15 and above

Class -I 12 30 26 48

Class -II 27 37 38 102

Class -III 4 8 6 12

Total 43 75 70 162

Figure1: Reference lines used to measure sella size; TS, tuberculum sella; DS;dorsum sella; 
BPF, base of the pituitary fossa; black line, length of sella; dashed line, diameter of sella; 
dott ed line, depth of sella

Figure 2a:Morphological variants and tracing of sella turcica.(a) Normal variant.(b) 
Oblique anterior wall.(c).Double contour of the  fl oor

Figure 2b:Morphological variants and tracing of sella turcica.(d) Sella turcica bridging. (e) 
Irregularity in the posterior wall of sella turcica.(f).Pyramidal shape of dorsumsellae.
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tionship of variables of gender, age and skeletal 
type regression analyses were used.

Results:
Shape of sella turcica: Results showed higher 
rates of morphological variations (76%) regard-
less of gender, age, or skeletal type (Table 2). 
Evaluation of the normal variants of the anatom-
ical shapes of the sella turcica in this study re-
vealed that the shape of sella turcica was normal 
in (24%) subjects, irregularity (notching) was 
found in  (20.6%)  subjects, double contour of 
sellar fl oor was found in (9.1%) subjects, bridg-
ing of sella turcica was found in  (6.9%) subjects, 
oblique anterior wall was present in (17.7%) 
subjects, pyramidal shape of the dorsum sella 
was found in (21.7%) subjects.

Size of sella turcica, comparison of linear dimen-
sions with age: Linear dimensions of the sella 
turcica are measured in the mid-sagitt al plane 
area. When linear dimensions of sella turcica 
were compared with age, there was signifi cant 
diff erences between the two age groups in terms 
of length, depth and diameter. It was noted that 
sella turcica in the older group was consistently 
larger in length, depth and diameter than that in 
the younger age group as shown in table 3.

Comparison of linear dimensions with gender: 
When t-test was applied to compare linear di-
mensions between genders, no signifi cant dif-
ferences between females or males in terms of 
length, depth or diameter size could be found. 
Linear dimensions of sella turcica are presented 
in Table 4.

Comparison of linear dimensions of sella tur-
cica with skeletal class I, II and III subjects: No 
signifi cant diff erence was found, when one-way 
ANOVA test was performed to determine the 
eff ect of skeletal classes on linear dimensions of 
sella turcica. Results are presented in Table 5.

Multiple comparison analysis between skeletal 
class II and class III subjects:

Scheff e’s multiple comparison analysis revealed 
a signifi cant diff erence between skeletal class II 

Table 2: Frequency distribution of sella turcica type
Sella type Frequency Percentage

Normal 83 23.7

Oblique anterior wall 62 17.7

Sella turcica bridge 24 6.9

Double contour of fl oor 32 9.1

Irregular dorsum sella 72 20.6

Pyramidal shape 76 21.7

Total 350 100.0

Table 3: Sella turcica linear dimensions (in millimeters) by age group
Age group
(years) n Mean

Standard
deviation

Standard
Error of the mean P value

Length 14 and below 113 8.16 1.888 .178 *.023

15 and above 237 8.66 1.947 .126

Depth 14 and below 113 7.34 1.367 .129 **.001

15 and above 237 7.89 1.514 .098

Diameter 14 and below 113 9.54 2.591 .244 **.002

15 and above 237 10.30 1.845 .120

t -test, outcome by age.

Table 4: Sella turcica linear dimensions for females and males (in millime-
ters)

Linear 
dimensions Gender n Mean

Standard
deviation

Standard Error 
of the mean P value

Length Female 232 8.47 1.911 .125 .642

Male 118 8.57 2.002 .184

Depth Female 232 7.76 1.512 .099 .365

Male 118 7.61 1.444 .133

Diameter Female 232 10.15 2.151 .141 .244

Male 118 9.86 2.116 .195

t -test, outcome by gender. * P < 0.01; ** P < 0.001.

Table 5: One-way analysis of variance testing the eff ects of skeletal Class on 
sella linear dimensions (in millimeters)

Linear 
dimensions

Skeletal
Classes N Mean

Standard 
Devia-
tion

Stan-
dard
Error

95% Confi dence 
interval for Mean Mini Maxi

P-
val-
ue

Length in mm Class I 116 8.59 2.098 .195 8.21 8.98 2 15 .762

ClassII 204 8.47 1.923 .135 8.21 8.74 2 14

ClassIII 30 8.33 1.373 .251 7.82 8.85 5 11

Total 350 8.50 1.940 .104 8.30 8.70 2 15

Depth in mm ClassI 116 7.64 1.574 .146 7.35 7.93 4 14 .629

ClassII 204 7.77 1.389 .097 7.58 7.97 5 12

ClassIII 30 7.57 1.813 .331 6.89 8.24 5 14

Total 350 7.71 1.489 .080 7.55 7.87 4 14

Diameter in mm ClassI 116 10.21 2.028 .188 9.83 10.58 2 15 .158

ClassII 204 10.06 2.080 .146 9.78 10.35 4 16

ClassIII 30 9.37 2.822 .515 8.31 10.42 -3 14

Total 350 10.05 2.141 .114 9.83 10.28 -3 16
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and class III subjects (Table 6). Mean diff erence 
was in the diameter of sella turcica, which ap-
peared to be larger in class III subjects as com-
pared to class II subjects. 

Inter-relationships between the variables; gen-
der, age, skeletal type, and size of the sella tur-
cica: Results of the inter-relationship between 
the variables revealed that age was signifi cantly 
related to length, depth and diameter. Size of the 
sella turcica is increasing with age. Table 7 dem-
onstrates the results of Regression analysis.

Discussion:
Th is study described the morphological appear-
ance and linear dimensions of the sella turcica 
in Pakistani subjects. Based on the present study 
results, the shape of the sella turcica was normal 
in 24% of the subjects. Other variations were 
observed in 76% of the cases. However, Alko-
fi de5 in his study evaluated the shape and size of 
sella turcica in patients with facial class I, II, and 
III skeletal classifi cations and reported normal 
morphology of sella turcica in 67% of the cases. 
Th e remaining 33% presented with variations of 
sella turcica morphologies. In a study conducted 
by Mahmood Shah et al.16  the normal morphol-
ogy was also seen in approximately 66% of the 

subjects. 

Th e frequency of the normal morphology of 
sella turcica in the present study was lower than 
the rates reported by Alkofi de,5 Axelsson15 and 
Mahmood Shah et al.16 Th is diff erence can be 
due to the diff erent ethnicity of the study sam-
ples. Occurrence of sella turcica bridging is also 
possible in healthy individuals. Incidence of this 
normal variation has reported to be within the 
range of 5.5 to 22%.15 However, its prevalence 
has reported to be higher in patients suff er-
ing from craniofacial disorders.  In the present 
study, sella turcica bridge was present in 6.9% 
of the subjects. In the study conducted by Alko-
fi de,5 1.1% of patients had sella turcica bridge. In 
the study carried out by Becktor et al.18 sella tur-
cica bridge was reported in 18.6% of all patients 
with severe craniofacial disorders. Based on the 
results of a study performed by Axelsson et al.15 
on morphology and size of sella turcica in pa-
tients suff ering from Williams’s syndrome, sella 
turcica bridge was seen in 13% of the patients. 
Leonardi et al.11 reported that the prevalence of 
sella turcica bridge is higher in adolescents with 
dental anomalies. Abdel-Kader evaluated the 
prevalence of sella turcica bridging in patients 
who were candidates for orthodontic treatment 
and reported its prevalence to be 3.74%).

Shape variation in the sella turcica have previ-
ously been reported by few researchers, Gordon 
and Bell (1922)20 examined the radiographs of 
children 1 - 12 years of age and classifi ed the 
sella turcica into circular, oval, and fl att ened, or 
saucer shaped. Th ey concluded that most of the 
subjects had either a circular or oval-shaped sel-
la, and noted that even with this broad classifi ca-
tion diffi  culty was found in placing some cases 
into one of the three categories. Davidoff  and 
Epstein (1950)  used the term ‘Jshaped sella’, 
while ‘omega sella’ was introduced by Fournier 
and Denizet (1965). But these defi nitions were 
later termed radiological myths by a study by 
Kier et al,  who suggested disregarding both of 
these since these were used to characterize ab-
normal pathology as well as normal develop-
mental patt erns. Other descriptions of the sella 
turcica have been proposed based on the appear-

Table 6: Multiple comparison analysis (Scheff e) between Classes with di-
ameter (in millimeters) as the dependent variable

Skeletal Class I (Mean=10.21) II (mean=10.06) III (mean=9.37)

I

II .847

III .160 .250

*P < 0.01.

Table 7: Regression analysis for variables (age group, gender, and skeletal 
type) and linear dimensions

Length Depth Diameter
Vari-
ables

B Standard 
error

Signifi -
cance

B Standard 
error

Signifi -
cance

B Standard 
error

Signif-
icance

Age 
group

0.512 0.221 .021 .546 .169 .001 .741 .242 .002

Gender -0.133 0.219 .545 .118 .167 .479 .240 .239 .316

D1 -0.122 0.225 .587 .126 .171 .461 -.161 .246 .513

D2 -0.264 0.396 .506 -.064 .302 .832 -.827 .432 .056

R2 .017 .034 .040

 D1, Class II reference to Class I; D2, Class III reference to Class I; B, Regression Coeffi  cient
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ance of fl atness or concavity of the contours of 
the sella fl oor, the angles made by the contours 
of the tuberculum sella, the contours of the an-
terior and posterior clinoid processes, and the 
fusion of both processes which is termed a ‘sella 
turcica bridge’.18

In a study by Axelsson et al.15 the shape of the 
sella turcica was categorized into six main types; 
normal sella turcica, oblique anterior wall, dou-
ble-contoured sella, sella turcica bridging, ir-
regularity (notching) in the posterior part of the 
sella, and pyramidal shape of the dorsum sellae. 
Th eir results show that normal sella turcica mor-
phology was seen in two-thirds of the subjects, 
while the remainder showed variable morpho-
logical appearances. In contrast to Axelsson et 
all.15 current study revealed 24% of normal mor-
phology.

In contrast to Axelsson et al.15 current study 
revealed only 24% of our patients appeared to 
have a normal shaped sella turcica, while 76% 
presented with diff erent shapes. Th e fi nding of 
an irregular notching of the dorsum sella was ap-
proximately 20.6% in the present study which 
was more frequent than other study by Alkofi de 
et al.5 while a pyramidal shape of the dorsum 
was reported more frequently in the present 
investigation as compared to the former study 
by Alkofi de et al.5 A doubled contour fl oor was 
present in 9.1% of the subjects of the current 
study, which is much higher than that reported 
by Axelson et al.15 but an agreement with Alko-
fi de et al.5

When the linear dimensions of length, depth, 
and diameter of the sella turcica in the present 
study were conducted with other investiga-
tions by Quakinine et al.  and Axelsson et al.15 
showed a diff erence between measurements 
was noted. Quakinine et al.25 performed a mi-
crosurgical anatomical study on 250 sphenoidal 
blocks obtained from cadavers of diff erent ages. 
Th ey found that the average transverse width 
of the sella turcica was 12 mm, the length (an-
tero-posterior diameter) 8 mm, and the average 
height (vertical diameter) 6 mm. Th ose authors 
advised that when measuring sella turcica size, 

the height of the gland was usually 2 mm shorter 
than the actual depth of the sella (the gland does 
not fi ll the whole volume of the sella turcica), 
and that this should be taken into consideration 
during measurements. Similar results were also 
found in a Norwegian sample (Axelsson et al., 
2004).15 Similarly present study (Table 4) re-
vealed average of linear dimensions larger than 
Norwegian sample.

However, patients’ age had a direct and statis-
tically signifi cant correlation with the length, 
depth and diameter of sella turcica by advanced 
age. In the study conducted by Alkofi de et al.5 
size of sella turcica was larger in the older age 
group. Furthermore, Preston  found a close cor-
relation between the pituitary fossa size and age.
Choi et al.14  also reported that linear dimen-
sions of sella turcica had positive inclination till 
the age of 25, although no signifi cant increase 
was reported in the size of sella turcica aft er the 
age of 26.5 Limited studies have been conducted 
on the eff ect of diff erent facial skeletal patt erns 
on the size of sella turcica. Similar to Preston,26 
current studycould not fi nd a signifi cant associa-
tion between facial types and the mean size of 
pituitary fossa.16 However, Alkofi de5 in his study 
found signifi cant associations between diff erent 
facial skeletal classifi cations and linear dimen-
sions of the sella turcica (signifi cant diff erences 
in sella turcica diameter between class II and 
class III patients.

When comparing skeletal Class II and Class III 
subjects, a signifi cant diff erence was observed 
between the diameters of the sella turcica in 
both Classes. In comparison to Class II occlu-
sion, Class III cases were lesser in number for 
data collection. An increase in diameter size ap-
pears to be more common in Class III subjects, 
while a reduced diameter size is more prevalent 
in Class II individuals. Th is is an agreement with 
Alkofi de et al.5

In the present study, manual tracing was used for 
calculation of the length, depth and diameter of 
the sella turcica. Although in some studies the 
digital method was used to measure these fac-
tors, the manual technique has accuracy similar 
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to that of digital technique in this regard.15 Th us, 
considering its aff ordability, the manual tech-
nique was used. It seems that further investiga-
tions in several centers with larger sample sizes 
can increase the accuracy of the obtained data 
and standards.

Based on present study results, a signifi cant cor-
relation was detected between age and linear 
dimensions of sella turcica. When eff ects of gen-
der, age and skeletal type, on the size of sella tur-
cica were studied, the results revealed that age 
was signifi cantly related to the length, depth and 
dimeter of sella turcica. In addition to this, size 
of sella was larger in older subjects,irrespective 
of gender or skeletal type.

Conclusion:
We conclude approximately 24 percent of the 
investigated subjects had a normal sella turcica. 
No signifi cant diff erence in size of the sella turci-
ca could be found between males and females. 
When sella size was compared to skeletal type, 
no signifi cant diff erence was found among them. 
Signifi cant diff erences in sella size between the 
older (15 years and above) and younger (14 
years and below) age groups were found for 
all three linear dimensions (length, depth, and 
diameter). Sella sizes in the older age subjects 
were larger. Signifi cant diff erence was found 
in diameter size between Class II and Class III 
subjects. Larger diameter values were present 
in skeletal Class III subjects, while smaller di-
ameter sizes were apparent in Class II subjects. 
Age was signifi cantly correlated with the length 
and diameter of sella, when all three variables, 
gender, age, and skeletal type, were compared 
with sella size. Th e results of the present study 
of sella shape and size may be used as reference 
standards for Pakistani subjects when studying 
the morphology of sella turcica.
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