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Introduction
The cleft of the lip and palate is the most common congenital 

anomaly affecting the cranio-facial region [1,2]. The etiology of CLP 
is said to be multi-factorial having both genetic and environmental 
causes. Clefts may be localized defects or may be associated with 
widespread structural changes in other parts of the skull [3]. Several 
studies have shown that the growth and displacement of the maxilla is 
directly linked to the growth and angulation of the cranial base [4-6]. 
Hence it may be assumed that any anomaly in the cranial base may have 
impact on the growth as well as spatial position of the naso-maxillary 
complex. 

Sella turcica is a significant anatomical landmark in the base of 
the skull. It is not only remarkable as it is a prominent cephalometric 
landmark of the cranial base but it also houses the pituitary gland. 
Abnormalities in pituitary gland may manifest as aberrations in the size 
and shape of the sella turcica [7-9]. An anatomically normal sella turcica 
lies on the body of sphenoid bone; bounded anteriorly by tuberculum 
sellae and posteriorly by dorsum sellae. Two anterior and two posterior 
clinoid processes project over the pituitary fossa. The anterior clinoid 
processes are formed by the medial and anterior prolongations of the 
lesser wing of the sphenoid bone, and the posterior clinoid processes 
represent terminations of the dorsum sellae [10]. 

During embryological development, sella turcica region is the 
key point for the migration of the neural crest cells to the fronto nasal 

and maxillary developmental fields [11]. The development of the 
anterior part of the pituitary gland, sella turcica and teeth share the 
involvement of neural crest cells. Also the dental epithelial progenitor 
cells differentiate through sequential and reciprocal interaction with 
neural crest derived mesenchyme [12]. Hence it may be assumed that 
abnormalities in the size and shape of sella turcica may be directly or 
indirectly linked to the congenital deformities of the naso-maxillary 
complex such as CLP. 

Numerous studies have reported aberration in the dimensions of 
sella turcica in relation to genetic disorders [13-15]. Studies have also 
shown variation in the morphology of the sella turcica in skeletal Class 
I, Class II and Class III malocclusion, with the dimension of the sella 
turcica being smaller in Class II and largest in Class III [16,17]. Bridging 
of sella turcica has also been found in Class III cases [18]. 

Axelsson, et al. [19] conducted a study on subjects with Williams 
syndrome and reported that the mean dimensions of the sella turcica in 
these individuals are smaller than those of control group. 
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Background: Sella turcica forms the junction of the anterior and posterior cranial base and is also a key point for the migration of neural crest cells to the fronto-nasal 
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Nielson, et al. [20] found morphological deviations and 
malformations in the walls of the sella turcica in subjects with cleft 
lip and palate. Alkofied [21] conducted a cephalometric study and 
reported that 63.2% subjects with CLP had an abnormal shape of the 
sella turcica. 

Therefore it may be assumed that there might be a positive 
correlation between the morphology of the sella turcica and CLP. 
Although CLP is one of the most common congenital anomaly its 
etiology is not completely understood. Cleft may be a localized defect, 
or it may have implications on other developmentally related parts of 
the skull. Sella turcica being an important area developmentally and 
structurally, it can provide some insights into the process of clefting and 
help in diagnosing as well as predicting the nature of clefts.

Not many studies have been conducted to investigate the variation 
in dimensions of the sella turcica in patients with cleft lip and/ or palate. 
Hence the purpose of this study was to measure the length, width, depth 
and angulation of the sella turcica in patients with CLP and to compare 
them with subjects without CLP. 

Materials and method
A retrospective study was carried out at*************. The ethical 

clearance was obtained in the month of October 2013 and the study 
was completed by July 2014. The archives of the department of 
Orthodontics were searched for the pre treatment lateral cephalograms 
of 25 patients with unilateral cleft lip and palate (12 Males, 13 Females). 
This comprised the study group. For the control group, 25 pre treatment 
lateral cephalograms (13Males, 12 Females) of patients with Angle 
Class I malocclusion who met the following inclusion criteria were 
selected from the archives. 

Inclusion / exclusion criteria:

All individuals were between 15- 25 years of age. No patient with 
any major illness, underlying medical problems or syndromes was 
included. Patients in the control group were selected based on ANB 
angle, (ANB 0-4˚) and Witts appraisal (0 for males and -1 for females). 

Method

All the selected radiographs were digital and were taken by 
a trained radiographer in a standardized manner using the same 
cephalostat. (planmeca proline cm). Exposure parameters were set at 
80 kvp, 10 mA and 0.8-seconds. 8 ×10 inch Kodak green film was used 
with the patient’s head in postural position. The digital radiographs 
were of good quality and clearly showed the sella turcica anatomy. All 
the lateral cephalograms were traced on cellulose acetate sheets and 
measurements were made in the following manner. 

Measurements
1.	 Length of sella at opening: (DS-TS) [Figure 1]

The interclinoidal distance i.e. the shortest distance between the 
clinoidal processes was measured.

2.	 Width of the sella: (Cp-Ca) [Figure 1]

The horizontal distance between the most concave points on the 
inner margin of sella turcica was measured. 

3.	 Depth of the sella: [Figure 1]

Distance from the centre of the interclinoidal line to the deepest 
point on the floor of the pituitary fossa (D) was measured. 

4.	 Angulation of sella turcica: [Figure 2]

The line forming the anterior and the posterior clinoidal process was 
extended and the outer inferior angle was measured as shown in the figure. 

Method error
All the tracings were done by a single observer (HK) and were 

rechecked by another observer (SS). The readings were measured again 
at an interval of three weeks by the same investigator (HK) and the 
method error was calculated using Dahlberg’s coefficient for assessment 
of intra-examiner error. The intra-examiner reliability was found to be 
in the range of 0.75-0.86. The resulting measurements showed good 
reproducibility of the retraced radiographs.

Statistical analysis
The data was analyzed using SPSS version 16.0 software. Descriptive 

statistics was carried out to calculate mean & standard deviation. 
Unpaired T test was applied to draw comparison between readings 
obtained from the cleft group and the control group. Chi square test 
was used to check any correlation of the dimensions of the sella with 
age or sex. The confidence interval was set at 95%, p value < 0.05 was 
considered significant. 

Figure 1. Measurement of length, width and depth of sella

Figure 2. a: extension of anterior clinoidal process; b: extension of posterior clinoidal 
process; c: outer inferior angle between ‘a’ &’b’
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Result
The statistical analysis revealed that the length, width and depth of 

the sella turcica were found to be significantly reduced (p < 0.05) in the 
Cleft group as compared to the control group. However, the angulation 
of the sella turcica was found to be significantly increased in the cleft 
subject as compared to the subjects from the control group. (p = 0.048). 

The mean length of the sella turcica in cleft group is 3.36 mm 
whereas in normal individuals was found to be 5.88mm. The average 
width of the sella in cleft group was found to be 7.24mm while for 
normal individuals it was 8.28mm. The average value for the depth of 
sella in cleft and normal groups was 6.64 mm and 8.00 mm respectively. 
The mean angulation of sella in cleft and normal group was 133.88 
degrees and 127.16 degrees respectively.

When comparison was drawn between males and females in the 
control as well as cleft group; all linear measurements showed slightly 
higher value for male subjects in both the groups. However, no 
significant difference was found in the dimensions of the sella turcica 
between males and females. Only the angulation of the sella was slightly 
increased in the females of the cleft group as compared to the males of 
cleft group. (p=0.043). 

Discussion
The sella turcica is a crucial landmark in the base of the skull. It not 

only provides a stable reference point for the cephalometric analysis, it 
also houses the pituitary gland. As the sella turcica lies at the junction 
of the anterior and posterior cranial base, it is considered that the 
cranial base flexes at the sella turcica, allowing man to assume an erect 
posture [5]. Sella turcica is also a strategic region for the migration of 
neural crest cells to the fronto-nasal and maxillary development fields 

[22]. Due to its strategic importance as an anatomical landmark, any 
malformation or aberration in the size and shape of the sella turcica 
may have widespread impact on the growth of the entire cranio-facial 
region.

Some previous studies [13-15] have shown presence of abnormal 
morphology of the sella turcica in syndromic cases. Aberrations in the 
shape and size of the sella turcica have been reported in spina bifida, 
Down syndrome, trisomy 18, holoprosencephaly etc. As cleft of the lip 
and / or palate is one of the most common anomalies of the cranio-
facial complex; it may be assumed that the anatomy of the sella turcica 
may show variation in CLP cases also. 

Alkofied in 2008 found abnormal morphology of the pituitary fossa 
in CLP cases through his cephalometric study [21]. Kjaer found altered 
shape of the sella in a UCLP fetus [23]. Neilson reported deviated 
morphology of the sella in more than 50% of the cleft subjects examined 
by him [20].

Most of the previous studies have examined the shape of the sella 
turcica in cleft subjects [20]. However, shape is a subjective parameter. 
Not many studies have objectively measured the difference in the 
size of sella turcica among cleft and non-cleft subjects. Hence this 
cephalometric pilot study was planned to evaluate the variations in the 
dimensions of the sella turcica among subjects with and without CLP.

The sample consisted of good quality pre-treatment lateral 
cephalometric radiographs of 25 patients with UCLP and 25 Angle 
Class I individuals searched from the archives of the department of 
Orthodontics, *************. All the subjects were above 15 years of age 
and none of them had any other underlying ailment. 

Lateral cephalograms were used in this pilot study as lateral 
cephalograms are routinely taken for all patients seeking Orthodontic 
treatment. Lateral cephalogram allows easy measurement of the 
dimensions of the sella turcica without any need for additional radiation 
to the patient. 

Only UCLP patients were chosen for this study as these patients are 
reported to show maximum variation of the sella turcica morphology 
among subjects with different types of cleft. Nielsen studied 40 CLP 
subjects and reported that the most severe deviations in the sellar 
morphology was found in UCLP cases [20]. Alkofide also reported 
that the most common dysmorphological trait of the sella turcica i.e 
irregularity or notching of the posterior part of the dorsum sellae, was 
found more frequently in UCLP subjects [21]. 

All subjects in the present study were between 15 years – 25 years 
of age to eliminate any confounding bias due to age. Alkofide reported 
that sella dimensions increase with age upto 14 years [21]. Preston also 
stated that a close correlation between the area of the sella and age can 
be found [24]. Bjork [25] and Melsen [26] stated that the morphology of 
sella turcica does not change significantly after 12 years of age. 

In the present study, statistical analysis revealed that the length, 
width and depth of the sella turcica was significantly reduced (p < 0.05) 
(Table 1) in subjects with cleft as compared to the control group. All the 
linear measurements appeared to be smaller in the cleft group than in 
normal subjects. This is in agreement with the findings of Alkofide who 
reported a smaller size of the sella turcica in patients with cleft [21]. 
Axelsson, et al. also reported similar findings when comparing subjects 
with Williams syndrome and normal individuals [19]. He stated that 
both female and male subjects with Williams syndrome had smaller 
sella turcica sizes than the control group.

Although the mean values for width and depth are found to be 
smaller in this study than those reported by Alkofide, the difference 
may be attributed to the different population studied [21]. 

When comparisons were made between males and females in both 
the groups, results show that the dimensions of the sella turcica are slightly 
larger in males as compared to females though not statistically significant. 

Another parameter evaluated in this study is the angulation of 
the sella turcica. Sella forms the junction of the anterior and the 
posterior cranial base. In man, the cranial base flexes at this junction 
as an evolutionary change to allow man to adopt an erect posture 

[5]. Although this parameter has not been widely studied before, it is 
comparable to the cranial base angle formed between the nasion – sella 
(N-S) and sella – basion (S-Ba) lines, due to its anatomical association 
with the anterior (N-S) and posterior cranial base ( S-Ba). 

The results show that the angulation of sella is significantly 
increased (p=0.048) (table 1) in the cleft patients as compared to the 
normal group. This may be attributed to the bridging and increased 
flexure of the cranial base in the cleft sample. Bridging has been reported 
previously by several authors such as Camp [27] and Becktor [28].

The angulation of the sella also shows significant sexual dimorphism 
in this study. The angulation of sella is found to be significantly greater (p 
= 0.043) in females as compared to males in the cleft group. (Tables 2 and 3)

A greater cranial base angle in cleft patients may not only 
contribute to a more posterior positioning of the posterior cranial base 
it also brings the facial structures closer to the vertebral column which 
diminishes the antero-posterior depth of the upper airway resulting in 
greater incidence of airway insufficiency in cleft patients [29].
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Group Statistics of Control group subjects Vs subjects with CLP
T test P value

Group Sample size Mean Std. Deviation Std. Error Mean

LENGTH OF SELLA 
Control 25 5.88 1.394 0.279

6.8 <0.001
CLP 25 3.36 1.221 0.244

WIDTH OF SELLA
Control 25 8.28 0.737 0.147

4.05 <0.001
CLP 25 7.24 1.052 0.210

DEPTH OF SELLA
Control 25 8.00 0.764 0.153

4.24 <0.001
CLP 25 6.64 1.411 0.282

ANGULATION OF SELLA
Control 25 127.16 11.739 2.348

2.02 0.048
CLP 25 133.88 11.717 2.343

Table 1. Comparison of length, width, depth and angulation of sella turcica between control group and subjects with CLP

Group Statistics of Male Vs Female in the control group
T test P value

No. Mean Std. Deviation Std. Error Mean

LENGTH OFSELLA 
Male 13 6.00 1.354 0.376

0.44 0.66
Female 12 5.75 1.485 0.429

WIDTH OF SELLA
Male 13 8.31 0.751 0.208

0.192 0.85
Female 12 8.25 0.754 0.218

DEPTH OF SELLA
Male 13 8.08 0.760 0.211

0.516 0.611
Female 12 7.92 0.793 0.229

ANGULATION OF SELLA
Male 13 126.62 13.494 3.743

0.237 0.815
Female 12 127.75 10.065 2.905

Table 2. Comparison of length, width, depth and angulation of sella turcica among males and females of the control group

Group Statistics of Male vs female in cleft group
T test P value

No. Mean Std. Deviation Std. Error Mean

LENGTH OF SELLA
Male 12 3.67 1.435 0.414

1.22 0.235
Female 13 3.08 0.954 0.265

WIDTH OF SELLA
Male 12 7.33 1.155 0.333

0.419 0.679
Female 13 7.15 0.987 0.274

DEPTH OF SELLA
Male 12 6.92 1.505 0.434

0.940 0.357
Female 13 6.38 1.325 0.368

ANGULATION OF SELLA
Male 12 129.00 11.909 3.438

-2.14 0.043
Female 13 138.38 9.938 2.756

Table 3.  Comparison of length, width, depth and angulation of sella turcica among males and females of the cleft group

Our results match with the findings of Moss [30] who reported a 
difference of 14° between the cleft and normal subjects. Harris [29] 
reported that the cranial base flexed more in the CLP patients than the 
normal. Increased flexion was also reported by Ross [3] and Dahl [31]. 

In contrast Brader [32], McNiel [33] and Bishara et al. [34] did not 
find any significant difference in the cranial base angle between the 
cleft and the control group. Sandham and Cheng, et al. [35] reported 
a significant difference only in females. Krogman, et al. [36] found a 
larger cranial base angle in females, in the more severe cleft-type. The 
larger sellar angle in cleft cases suggests that clefting and cranial flexion, 
which occur almost simultaneously in embryogenesis, may be inter-
linked processes. 

The formation of sella turcica and the pituitary gland are complex 
processes. The anterior part is thought to form from neural crest cells 
while, the posterior part develops from the para-axial mesoderm [37]. 
Both structures develop at approximately 7 weeks of gestation, and if 
any disturbance occurs in this area it remains throughout life. The time 
of formation of the sella and the cells involved are closely associated 
with the development of maxilla, hence it may be assumed that any 
aberration leading to cleft may be associated with some fault at the level 
of the sella turcica.

Some investigators have also shown that a relationship exists 
between cleft of the lip and palate and pituitary function [38-40]. 
Previous reports [41] have identified that in children with clefts, 

especially those involving the palate, a shorter stature is present as 
compared to their unaffected peers. 

These findings indicate that the development of the sella turcica, 
pituitary gland and the naso-maxillary complex may be interlinked. 

Further studies in this direction may be able to establish a 
relationship between clefting and development of the cranial base 
structures such as sella turcica. 

Limitations of this study and future scope
This pilot study was carried out on a small sample size, however 

future studies may be carried out using a larger sample and better 
imaging modalities such as CBCT which can give a three dimensional 
evaluation of the variation in size of the sella turcica in cleft subjects. 
Lateral cephalograms were used in this study as these are the basic 
diagnostic records obtained for all orthodontic cases, yet it has 
limitations due to its 2D nature. 

Conclusion
The result of this pilot study indicates that there is indeed 

statistically significant variation in the dimensions of the sella turcica in 
individuals with and without cleft. This study also paves way for further 
endocrinological research to determine if there is any abnormality in 
the pituitary function in subjects with smaller sella cavity and CLP. 
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The findings of these studies will not only help in better 
understanding of the development of the cranio-facial structures at 
the genetic level, it can also widen the scope of management of CLP 
patients. 
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