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Abstract

The present study was undertaken to identify
the role of radio-morphometric analysis of sella
turcica in sex determination.

A total of 260 good quality lateral cephalo-
grams (130 males and 130 females) were random-
ly selected from the orthodontic database between
2014 and 2015. Radiographic measurements (an-
tero-posterior diameter and depth of sella) were
carried out by a senior oral radiologist. The values
obtained were tabulated in a spreadsheet and sub-

jected to statistical analysis (SPSS version 16.0,
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SPSS.inc, Chicago, 1989 — 2007).

A higher percentage of both males (70.0%) and fe-
males (67.7%) were presented with normal sella. The
second best sella presentation was the shallow sella in
males (16.2%). The mean antero-posterior diameter
was higher in females (12.25 mm) than males (11.74
mm). The mean depth of sella turcica was greater in
females (8.08 mm) than males (7.68 mm). Discrimi-
nant function analysis was done with gender as a
grouping variable and antero-posterior dimensions
and sella depth as independent variables. The formula
obtained was D = 0.452 (x) +0.295(y)-7.753. (Where
“D” is the discriminant score, “x” is antero-posteri-
or diameter of sella, “y” is sella depth). The present
study revealed an overall accuracy rate of 58.1% in
identifying correct gender using sella measurements.

The present study was the first of its kind in the
South Indian population and has presented results that

justify the use of sella turcica for sex determination.
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The name sella turcica is derived from Latin which
means “Turkish saddle” [1]. It is located in the middle cranial
fossa and lies on the body of sphenoid. It consists of central
pituitary fossa bounded anteriorly by tuberculum sella, pos-
teriorly by dorsum sella and inferiorly by spheniodal sinus.
The sella is usually demarcated by a dense thin white curve on
lateral cephalograms and acts as a noteworthy reference point.
It is readily traceable for metric analysis, which makes it an
excellent source of information for identification of patholo-
gies related to the pituitary gland.

The anatomy of sella will vary in size and shape from
person to person in different populations. Most of the stud-
ies related to sella shapes are on western populations. In this
context, Zagga et al. insisted upon creating baseline database
studies from indigenous population groups based on their eth-
nic origin [2].

The radiographic and morphometric variations of sella
are mostly related to variations in growth, which plays a vi-
tal role in sex determination. Females have earlier and more
prolonged growth spurts compared to males [3]. The pituitary
gland enlarges during the period of active growth, causing
sella to enlarge with it [4]. Moreover, the dimensions of sella
can be successfully calculated using plane radiographs, which
are highly economical from the patient’s point of view [5].
Hence, the present study was undertaken to establish the nor-
mal dimensions of sella turcica in the South Indian population
with the objective of identifying the role of radio-morphomet-

ric analysis of sella turcica in sex determination.

2. Materials and Methods

The study procedure was explained and institutional
ethical committee approval was obtained (IRB NO: SIDC/
RP/2016-07). A total of 260 good quality lateral cephalo-
grams (130 males and 130 females) were randomly select-
ed from the orthodontic database between 2014 and 2015.
Informed consent was obtained from the patients before

including them in the study. Necessary care was taken to
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exclude patients with congenital defects in the craniofacial
region like clefts and malformations, history of craniofa-
cial fractures and patients suffering from disorders of bone,
nutritional deficiencies and endocrinal disturbances. All the
radiographs were taken using Orthophos digital panoramic
machine (Orthophos, Sirona dental systems, GmbH, Ger-
many) with the patient’s Frankfort plane parallel to the
floor.

The shape of sella turcica was classified according to
the classification given by Axelsson et al., which includes
six variants: (a) normal sella, (b) oblique anterior wall, (c)
extremely low sella turcica, (d) sella turcica bridge, (e) ir-
regularity (notching) in the posterior parts of the sella, and
(f) pyramidal shape of the dorsum sella (Figure-1) [6].

Radiographic measurements were carried out us-
ing measuring tools of SIDEXIS XG software (2.53 ver-
sions, copyright © 2011 Sirona dental systems, Germany).
The following measurements were obtained from the digi-
tal lateral cephalograms in sagittal plane using the method
employed by Silverman et al. with a few modifications
(Figure-2) [7]:

a) Antero-posterior (A-P) diameter of sella turcica:
the point below tuberculum sella and the anterior
margin of dorsum sella. It is the greatest distance
between the anterior wall and the posterior wall of
sella.

b) Depth of sella turcica: the distance from midpoint of
tuberculum sella and dorsum sella to the floor of the
sella.

The values obtained were tabulated in a spreadsheet and

K

Bl

subjected to statistical analysis (SPSS version 16.0, SPSS.
inc, Chicago, 1989 — 2007). The mean and standard devia-
tion of the length and depth of sella were calculated. These
values were compared for males and females using t-test.
The variation in sella shape in both genders was evaluated
using chi-squared test. Finally, the data was subjected to
discriminant analysis, and the discriminant equation was
drawn. A subset of 50 lateral cephalograms was reselected
from the database and the measurements were repeated by
the same observer after a period of 1 week to evaluate the

intraobserver variability.

3. Results

A total of 260 radiographs were included in the study
(130 males and 130 females) between the age groups of 10
to 61 years. The shape of sella was evaluated and measure-
ments were made by an experienced oral radiologist. The
maximum A-P diameter, sella depth and sella ratio were
calculated in the lateral cephalograms.

The majority of the males (70.0%) and females (67.7%)
had normal sella shape. The second best sella presentation
was shallow sella in males (16.2%). Interestingly, shallow
sella and oblique anterior sella shapes shared the same per-
centages in females (13.1%). But chi-squared test revealed
no significant differences between groups (Table-1).

The mean A-P diameter was significantly higher in fe-
males (12.25 mm) than males (11.74 mm) (p < 0.01). The
mean depth of sella turcica was greater in females (8.08

mm) than males (7.68 mm). Scatter plots depicting the dis-

tribution of measurements in males and females are shown

Figure 1- Different shapes of sella observed in the study. (a) Normal sella, (b) Irregular sella, (c) Anterior oblique sella, (d) Pyramidal sella, (e) Shallow
sella.
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Figure 2- Antero-posterior diameter of sella turcica (point a — point b):

It is the point below tuberculum sella and the anterior margin of dorsum
sella. It is the greatest distance between anterior wall and posterior wall
of sella. Depth of sella turcica (point ¢ — point d): This is the distance
from midpoint of tuberculum sella and dorsum sella to the floor of the
sella.

in Figure-3 & 4. No significant difference was observed
in the mean values of sella ratio between males and fe-
males (Table-2). A subset of 30 radiographs were randomly
selected and re-evaluated by the same examiner after 2
weeks. The intra class correlation coefficient was observed
to be 0.993 for antero-posterior dimensions and 0.998 for
depth measurements (Table-3).

In the present study, significant Wilk’s lambda values
were produced only by antero-posterior diameter and sella
depth measurements (Table-4). The results indicate that
these variables are better indicators for sex determination
when compared to sella ratio. Hence, discriminant function
analysis was done with gender as a grouping variable and
antero-posterior dimensions and sella depth measurements
as independent variables. D = 0.452(x)+0.295(y)-7.753.

[Where “D” is the discriminant score, “x” is A-P diameter
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of sella (mm), “y” is sella depth (mm)].

The discriminant equation was applied to the study
sample, which showed a higher percentage of accuracy in
identifying females (58.5%), than males (57.7%), with an
overall accuracy rate of 58.1% (Table-5). The present study
revealed an overall sensitivity of 49.6% and specificity of
49.5% in identifying the correct gender using radiomet-
ric analysis of sella. A higher positive predictive value of
57.7% was recorded in the study, when compared to nega-

tive predictive value of 41.5% (Table-6).

4. Discussion

The present study intended to provide a novel insight
into the morphometric characteristics of sella turcica. It is
readily recognized on lateral cephalometric radiographs
and routinely traced for cephalometric analysis. Beyond
its anatomical importance, its morphometric characteris-
tics were found to be highly variable. Axelsson et al. found
gender differences in their study of the length and depth of
sella turcica [7].

Previous studies have classified shape of sella subjec-
tively, and variations were categorized into different types.
Hence, many classifications are reported in the literature.
Axelsson et al. performed an in-depth qualitative analysis
of sella turcica considering their radiographic appearance,

which made us to include his classification in our study.
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Figure 3- Scatter Plot showing distribution of sella measurement (mm)
in males.
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Sex: FEMALES
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Figure 4- Scatter Plot showing distribution of sella measurement (mm)
in females.

Interestingly, Axelsson et al. found that less than 70% of
their study sample had normal sella. The author believed
that the remaining 30% of the study population was com-
pletely normal even though they failed to present with nor-
mal sella [7]. Similar results were observed in the present
study where we observed normal sella in 70% of males
and 67.7% of females. These results confirm that the shape
of sella cannot be used as a reliable tool for evaluation of
pathology. Exhaustive studies are required in this field to
confirm the results.

According to the previously published data, the normal

Table 1- Distribution of observed sella shapes.

vertical dimension of sella ranges from 4 to 12 mm and the
antero-posterior dimension ranges from 5 to 16 mm [8, 9].
Similar results were observed in the present study. Many
studies in the literature have documented the differences
in linear measurements of sella in males and females [10-
11]. Silverman et al. in their study on 320 radiographs con-
cluded that males have larger sella turcica than females [6].
But in the present study, the mean A-P diameter and depth
of sella was higher in females than males. This can be at-
tributed to earlier onset and prolonged pre-pubertal growth
spurts in females than males [11]. However, some studies
proposed no significant difference in the measurements be-
tween males and females [12-14]. This can be attributed
to differences in ethnic origin, which will have a definite
influence on growth.

Our results confirmed the role of sella in sex determina-
tion. Hence discriminant analysis was done and an equation
was derived. The measurements of sella were successful in
identifying 58.5% of females and 57.7% of males with an
overall accuracy rate of 58.1%. Though the accuracy rate
was below standard, the results suggest that the measurements

of sella can be used as an adjunct tool for sex determination.

Sella shapes Males Females Total p-value
91 88 179
Normal
70.0% 67.7% 68.8%
8 17 25
Oblique Anterior
6.2% 13.1% 9.6%
21 17 38
Shallow
16.2% 13.1% 14.6%
0.306
6 3 9
Irregular
4.6% 2.3% 35%
4 5 9
Pyramidal
3.1% 3.8% 35%
130 130 260
Total
100.0% 100.0% 100.0%
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Table 2- Mean Scores of sella dimensions according to sex.

Sella shapes Sex n Mean S.D. p-value
A-P Dimension Males 130 11.74 1.73 0.01%
(mm) Females 130 12.25 1.50 '
Males 130 7.68 1.60
Depth (mm) 0.04*
130 8.08 1.49

*Statistically significant (P < 0.05)

Table 3- Intraclass Correlation.

Intraclass Correlation Coefficient for A-P Dimension

Sella shapes 95% C.I. Cronbach's Alpha
Intraclass
Correlationa

Lower Upper

Bound Bound p-value
0.997
Single Measures 0.993b 0.986 0.997 1.50
Average Measures 0.997c 0.993 0.998 1.60
Intraclass Correlation Coefficient for Depth
95% C.I. Cronbach's Alpha
Intraclass
Correlationa Lower Upper value
Bound Bound P
0.999
Single Measures 0.998b 0.997 0.999 0.001*
Average Measures 0.999¢ 0.998 1.000 0.001*
C.1., Confidence Interval
Table 4- Wilk’s Lambda Scores. analyzing sella size and shape for improving the accuracy
rate in gender determination. Hence, similar studies on
Sella —_— . . .
dimensions Wilks' Lambda p-value large scale must be carried out in other regions to confirm
these results.
A-P Di i 0.975 0.011*
rmension Conflict of interest
k
Depth 0.984 0.040 Authors declare no conflict of interest.
*Statistically significant (p < 0.05)
5. Conclusion References
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Table 5- Predicted Sex Determination.

Predicted Group Membership

Sex
Males Females Total
Males (n) 75 55 130
Males (%) 57.7%* 42.3% 100
Females (n) 54 76 130
Females (%) 41.5% 58.5%* 100
Function at group centroids -0.174 0.174 Classified as male if D <0

Classified as female if D >0

*58.1% of cases were classified correctly.

*57.7% of males were classified correctly.58.5% of females were classified correctly.

Table 6- Sensitivity and specificity in identifying the correct gender using radiometric analysis of sella.

Sella dimensions

Percentage

95% C.I.

Sensitivity
Specificity
Positive Predictive Value

Negative Predictive Value

41.4% - 57.8%
39.8% - 59.2%
48.7% - 66.2%
33% - 50.51%

C.1., Confidence Interval
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