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Introduction 

    

 The attractiveness of the face depends on harmonious relationships of 

craniofacial structures (Nanda, 1995). It is imperative to diagnose the disharmony in 

the stomatognathic system, reestablish function and improve overall facial appearance. 

A balanced facial profile has well-proportioned underlying skeletal structures. Any 

discrepancy between maxillary and mandibular bony bases may result in sagittal or 

vertical dysplasia (Downs, 1948). 

 Early identification of developing skeletal malocclusions allows conservative 

orthopedic management (Merwin et al., 1997; Baccetti et al., 2000). To measure 

positions of structures (such as the maxilla or mandible) in relation to the cranium, or to 

themselves several landmarks within the cranium have been determined to act as 

reference points when tracing cephalometric radiographs.The benefits gained from 

studying these structures range from assisting the orthodontist during diagnosis, as a 

tool to study growth in an individual through superimposition of structures on a 

longitudinal basis, and during evaluation of orthodontic treatment results. One of the 

most commonly used cranial landmarks for cephalometric tracing is sella point. This 

point is located in the centre of the sella turcica, with the turcica housing the pituitary 

gland in the cranial base (Pisaneschi and Kapoor, 2005). 

 The morphology of sella turcica is different from person to person. Thus, gaining 

knowledge in this regard will be a great help in detecting abnormalities in this anatomic 

area. Since dentists and orthodontists frequently order and evaluate cephalometric 

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 appearance of clinical manifestations. At present, 

determining the morphology of the human craniofacial region is the focus of attention 

for researchers in various fields 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. The shape and sizes of sella turcica may alter greatly 
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from person to person, and the knowledge of this alteration will help the clinician to 

discriminate any abnormality in this area (Aine Shabbir et al., 2021). 

Anatomically, the sella turcica subdivided into three segments, consisting of an 

anterior wall, a floor, and a posterior wall. Morphologically, three basic types oval, 

round, and flat have been classified, the oval and round types being the most common 

(Alkofide, 2001). 
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Aim of study  

To find out the relashionship between the dimensions of the sella turcica and 

different skeletal malocclusion patterns. 
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Chapter one 

Review of Literature 

1.1. Sella Turcica 

 Sella turcica is a saddle-shaped structure located in the middle cranial fossa on 

the intracranial surface of the body of the sphenoid bone (Kjær et al., 1999). which is 

variable in size and shape. clearly seen on lateral cephalometric radiograph, Sella turcica 

gets its name from the Turkish language because of its similarity to the Turkish saddle 

(Nagaraj et al., 2015). 

 

1.1.2 Anatomy of Sella Turcica 

 It has a complex anatomical structure and relationship with various anatomical 

entities such as the pituitary gland,  internal carotid artery,  and cranial nerves. The 

anterior border of the sella turcica is represented by the tuberculum sellae and the 

posterior border by the dorsum sellae. The pituitary gland is surrounded by the sella 

turcica,  whereas two anterior and posterior clinoid processes project over the pituitary 

fossa. The anterior clinoid processes are formed by the medial and anterior projections 

of the lesser wing of the sphenoid bone and posterior clinoid process by the endings of 

dorsum sellae . The size and shape of clinoid processes may vary: they can be short and 

blunt or protrude above the pituitary fossa and are some times connected. Any 

abnormality or pathology in the gland could manifest from an altered shape of sella 

turcica, to a disturbance in the regulation of secretion of glandular hormones, prolactin, 

growth hormones, thyroid stimulating hormone, follicular stimulating hormone, and so 

on (Alkofide, 2007). The anatomy of sella turcica has been described as variable. Sella 

turcica was divided in to three segments, consisting of an anterior wall, a floor, 

and a posterior wall (Sathyanarayana et al., 2013). 
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1.1.3  Embryology 

 The prenatal and postnatal formation of pituitary gland and Sella turcica are 

complex processes. These two important structures are located in the boundary region, 

separating tissues of different origin and development. Origin of the pituitary gland is a 

result of interaction between oral ectoderm which gives rise to anterior pituitary and 

neural ectoderm gives rise to posterior pituitary. During embryological development, 

sella turcica  area is the key point for the migration of the neural crest cells to the fronto 

nasal and maxillary developmental fields. Formation and development of the anterior 

part of the pituitary gland, Sella turcica, and teeth share in common, the involvement of 

neural crest cells, and dental epithelial progenitor cells differentiate through sequential 

and reciprocal interaction with neural crest derived mesenchyme (Miletich et al., 

2004;Morotomi et al., 2005). 

 A close interrelationship exists between the development of brain tissue and the 

bones surrounding the Brain neurocranium. Any congenital malformations in the 

development of brain may be detected by analyses of bones in the neurocranium. 

Abnormal morphology of the cranial base and the sella turcica should be included in the 

postnatal evaluation of craniofacial malformations (Kjaer, 1998). 

 

1.1.4 Size of Sella Turcica 

 When the linear dimensions (length, depth and diameter) of sella turcica. were 

compared with diffirent studies, a difference between measurements was noted. It 

typically ranges from 4 to 12 mm for the vertical and from 5 to 16 mm for the 

anteroposterior dimension (Chilton et al., 1983; Choi et al., 2001). Quakinine and 

Hardy showed that the average width of sella  was 12 mm, length (anteroposterior 

diameter) was 8 mm and height (vertical diameter) was 6 mm (Quaknine and Hardy, 

1987).  
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The variations between various measurements are probably due to the use of 

different landmarks, radiographic techniques, and degree of radiographic enlargement 

(Morotomi et al., 2005). Any abnormal or pathologic status in the gland could cause a 

variation of the sella turcica  and the glandular hormones secretion. Clinicians should 

provide a basis for identifying and effectively investigating changes, even before the 

onset of symptoms of pituitary or craniofacial syndromes, which may reflect pathologic 

conditions, the variability of normal radiographic anatomy, and sella turcica. These 

changes can also occur in some syndromes and craniofacial abnormalities that affect the 

craniofacial region such as primary hypopituitarism, Williams syndrome, growth 

hormone deficiency, Cushing’s syndrome, lumbosacral myelomeningocele, the 

presence of intrasellar adenomas, empty sella syndrome,macro adenomas, 

meningiomas, craniopharyngiomas, and cysts are more probable causes of deformation 

of the neighbouring bony structures (Aine Shabbir et al., 2021). 

 

 

 

 

 

 

 

Fig.1.1 : Measuring the sizes of sella turcica. TS, tuberculum sella; DS, dorsum sella; BS, base of 

sella turcica; blue line, the length of sella turcica; yellow line, the diameter of sella turcica; red line, 

the depth of sella turcica ( Keşkek, 2021). 

1.1.5 Shape of Sella Turcica  
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 Morphological appearance of sella turcica is established in early embryonic 

structure. The morphological variations in sella turcica has been reported by many 

researchers through time (Tetradis and Kantor, 1999).  Gorden and Bell (1922) 

classified sella into shapes (circular, oval or flat/saucer shaped but they concluded that 

not all the cases could easily be put into such a broad three way classification (Gordon, 

Bell, 1922). 

 

 

 

 

 

 

 

Fig.1.2 : Classification of the three types of the sella turcica: (A) oval, (B) circular, (C) flat 

(Reuther , 2009). 

 

 Then in 1950 David and Epstein used the term J shaped sella while omega shaped 

sella was given by Pournier and Denizet in 1965. However in 1969 Kier termed these 

definitions radiographical myths, advising that both should be disregarded since they 

were used to characterize abnormal pathology as well as normal developmental patterns 

(Kier, 1969). 

 Other descriptions of the sella turcica have been proposed based on the 

appearance of flatness or concavity of the contours of the sella floor, the angles made 

by the contours of the tuberculum sella, the contours of the anterior and posterior clinoid 

processes, and the fusion of both processes which is termed a ‘sella turcica bridge 

(Becktor et al., 2000). 
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 Axelsson et al in 2004, shape of the sella turcica was divided into six main types; 

(Axelsson et al., 2004) 

1-normal sella turcica 

2-oblique anterior wall 

3-double – contoured sella 

4-sella turcica bridge 

5- irregularity (notching) in the posterior part of the sella  

6-pyramidal shape of the dorsum sellae. 

 

 

Fig.1.3: Different morphological types of sella turcica: (a) Normal sella turcica, (b) oblique anterior 

wall, (c) double contour of the floor, (d) irregularity (notching) in the posterior part of sella turcica, 

(e) sella turcica bridge, (f) pyramidal shape of dorsum sellae (Valizadeh et al., 2014).  
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 Bridging of the sella turcica is a common morphological variation of the sella 

turcica, caused by the fusion of the anterior and posterior clinoid processes (Excessive 

ossification of the ligaments stretched between the anterior and posterior clinoid 

processes of the sphenoid), is a further anatomical abnormality, which has been reported 

to occur in distinctive syndromes or skeletal and dental malformations (Leonardi et al., 

2006; Meyer-Marcotty et al., 2008). 

 The occurrence of a sella turcica bridge has been described as a radiographic 

feature in basal cell carcinoma (Gorlin– Goltz) syndrome, Rieger syndrome, and other 

disorders and syndromes (Koshino et al., 1989; Meyer-Marcotty et al ., 2008).  

However, altered sella turcica morphology or bridging of the sella turcica seems 

to be related to a symptom of a syndrome. Becktor et al and Jones et al. analysed the 

frequency of a sella turcica bridge in patients with severe craniofacial deviations  They 

found a higher prevalence of a sella turcica bridge of 18.6 and 16.7 per cent, 

respectively, in patients who required combined surgical–orthodontic treatment 

(Becktor et al., 2000 ; Jones et al., 2005) .  

When different skeletal classes were analyzed for bridging, Abdel Kaber studied 

the prevalence of a sella turcica bridge in relation to the three skeletal classes in Saudi 

subjects and found a higher percentage of sella turcica bridges in orthognathic-surgical 

patients with a skeletal class III malocclusion (10.71%) as well as in orthodontic patients 

with a class III malocclusion (Abdel-Kader, 2007). However, the aetiology and 

pathogenesis of increased sella turcica bridging in patients with severe craniofacial 

malformations still remains to be evaluated. 
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Fig.1.4 : Sella turcica bridging on a lateral cephalometry image (Sobuti, 2018) 
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1.2 Skeletal Malocclusions 

 Skeletal malocclusion is a common birth defect that occurs due to the distortion 

of the maxillary and/or mandibular development that will have a huge impact on the 

positioning, alignment and health of the primary and permanent teeth (Vettraino et al., 

2003). Skeletal patterns and malocclusions are heterogeneous conditions affecting 

populations worldwide (Claudino and  and Traebert, 2013). The World Health 

Organization (WHO) considers malocclusion to be among the most important oral 

health problems after caries and periodontitis (dos Santos et al., 2012). 

Micrognathia, a small mandible or maxilla, is the most common cause of skeletal 

malocclusion (Vettraino et al., 2003). On the other hand, macrognathia is characterized 

by the overgrowth of the mandible or maxilla above the normal values where the 

manifestation becomes more prominent at the peak of jaw growth around the age of 

12.2 years in females and 14 years in males (Buschang et al., 2013). 

 There are a handful of reports showing that skeletal malocclusion can affect the 

general health of patients through their role in causing airway obstructions, sleep apnea, 

gastric disturbance, immune deficiencies and delayed developmental growth (Paladini 

2010; Bollhalder et al., 2013). 

 Besides these physiological disorders, it has been reported that skeletal 

malocclusion leads to adverse influences on intellectual wellbeing, social skills, 

economical and psychological status (Martins-Junior et al,. 2012; Masood et al,. 

2013). Psychological distress is more readily found to be associated with malocclusion 

especially in the younger and university educated people (Masood et al., 2013) .

Orthodontic malocclusions and skeletal deformities have multiple etiologies, often 

affected and underlined by environmental, genetic and social aspect (Lone  et al., 2023). 
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Severity of skeletal malocclusion is indirectly proportional to the quality of life 

in regards to social and emotional fronts as well as speech and mastication efficiency 

(Masood et al., 2013). Bruxism, dental trauma and dental caries are significantly more 

prevalent in skeletal malocclusion cases compared to normal occlusion cases 

(Baskaradoss et al., 2013; Bendgude et al., 2012 

facial skeletal type is classified into three types (class I, II, and III) based on the 

anteroposterior relationship of the maxilla and the mandible. The most complex and 

difficult orthodontic problem to diagnose and treat is class III malocclusion (Garner 

and Butt, 1985). The prevalence of this type of malocclusion ranges from 0.2% in the 

white population. 

 

 

1.2.1 Skeletal Class I 

 These malocclusions were purely dental (the problem is dental malrelationships ) 

with the bones of the face and jaws being in harmony with one another and with the rest 

of the head. The profile is orthognathic (Gill and Naini, 2011). 
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1.2.2 Skeletal Class II 

1.2.2.1 Skeletal Class II, Division 1 Malocclusion 

Skeletal Class II malocclusion, either division 1 or 2, is characterized by a mandibular 

retrusion, a maxillary protrusion, or a combination of both (Mossey 1999; Chou et al., 

2011).  The maxillary incisors have been reported to be normal or proclined, and the 

mandibular incisors can be in a normal, proclined, or even in a retroinclined position 

(Proffit et al., 2013; Uribe et al., 2014). 

 Although studies have supported the concept of polygenic mode of inheritance 

for the skeletal Class II malocclusion, the environment has also been described to play 

an important role on this malocclusion. Adverse parafunctions, such as digital sucking, 

lip incompetence, protruding tongue, and nasal airway obstruction have been also 

associated with the induction of a clockwise rotation of the mandible and an overgrowth 

of the maxillary alveolar process in these patients (Mossey 1999; Chou et al., 2011). 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.5 : Typical facial profile associated with Class II skeletal pattern (Gill and Naini, 2011). 
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1.2.2.2 Skeletal Class II, Division 2 Malocclusion 

The skeletal Class II, division 2 malocclusion is characterized by a distinct and 

consistent clinical phenotype, which includes a combination of retroinclined incisors, 

deep overbite, high lip line with a lower lip trap, and high activity of the mentalis 

muscle. These patients often present a counter-clockwise rotation of mandibular 

development, prominence of the chin, and reduced lower face height (Proffit et al., 

2013; Mossey 1999). some studies have described the mode of inheritance of this type 

of malocclusion as autosomal dominant with incomplete penetrance and variable 

expressivity; a polygenic model with expression of a number of genetically determined 

morphological traits has also been correlated to the Class II, division 2 (Mossey 1999). 

Fig.1.6 : Class II skeletal pattern (Gill and Naini, 2011). 
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1.2.3 Skeletal Class III Malocclusion 

Among all the types of sagittal skeletal discrepancies, the skeletal Class III is the 

malocclusion the most studied genetically. Class III malocclusion is caused by a 

deficiency of the maxilla growth, excessive mandibular growth, or a combination of 

both (Mossey 1999; Chou et al., 2011) .  

It is characterized by a composite of a dentoskeletal pattern consisting of a 

forward positioning of the mandibular teeth in relation to the maxillary teeth and a 

concave facial profile, a retrusive nasomaxillary area, and a prominent lower third of 

the face. The lower lip is often protruded relative to the upper lip ( Uribe et al., 2013 ). 

The Habsburgs, one of Europe’s royal families is an example of Mendelian 

inheritance of mandibular prognathism, which was observed in several generations of 

this family, so called “Hapsburg jaw.” Although some authorsconsider that the X 

chromosome might have some role in mandibular prognathism, some other studies have 

verified that this trait is  not X-linked since both genders are equally affected. It has 

been observed for many years that mandibular prognathism and probably maxillary 

deficiency contains not only a genetic component, but also  an the influence of 

environmental factors. The mandibular  prognathism has been reported to be a 

multifactorial and polygenic trait, with a threshold for expression ( Cruz et al., 2008) . 
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Fig.1.7 :  Typical facial profile characterised by a retrusive maxilla in a severe Class III 

malocclusion (Gill and Naini, 2011). 
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1.3 Relationship between dimensions of sella turcica and classification of 

skeletal malocclusion 

The association between sella turcica dimension and morphology and skeletal 

malocclusions will help in early diagnosis of these skeletal patterns increasing the 

probability of interceptive management. This may also reduce the future treatment 

burden and may lead to less complicated treatment modalities. neural crest cells 

contribute to the formation and development of the sella turcica, teeth, and all parts of 

the face, there may be a relationship with the abnormalities of this area (Leonardi et 

al., 2006). 

In 2000, Bektor assessed sella turcica bridging in patients with severe craniofacial 

problems (Becktor et al., 2000). In 2005, Jones assessed bridging and dimensions of 

the sella turcica in patients who had been treated with orthodontic surgery or other 

orthodontic methods (Jones et al., 2005) . 

Valizade reported the prevalence of sella turcica bridging of 13.8% in class I, 

12.9% in class II, and 43.3% in class III (Valizadeh et al., 2015). Mayer-Marcotty et 

al. reported the prevalence of sella turcica bridging of 9.4% in class I and 16.8% in class 

III patients (Meyer-Marcotty et al.,2010). 

the left or right side of the sella turcica cannot be distinguished in lateral 

cephalometric radiographs, and false positives can result from structure overlapping. 

Therefore, true bridging (fusion of anterior and posterior clinoid process) is difficult to 

distinguish from pseudobridging (superposition of ntraclinoid ligament) in 2D lateral 

cephalometric images (Ortiz et al., 2018). 

 

 

 

 



 

 18 

Recently, due to the advancement in craniofacial imaging technology, cone beam 

computed tomography (CBCT) can be used to reconstruct 3D structures, thus making 

the shortcomings of 2D lateral cephalometric images more critical in comparison with 

3D CBCT scans. Compared to conventional CT, the technology of CBCT can achieve 

high-quality images with lower-cost equipment and at a lower radiation dose (Ortiz et 

al., 2018 ; Yasa et al., 2017). 

Up to date, only two studies (Akay et al., 2020; Silveira et al., 2020). have 

studied the sella turcica dimensions and shape via CBCT specially focused at different 

skeletal relations. Akay et al. (Akay et al.,2020) reported that interclinoid distance and 

dimensions of sella turcica did not differ significantly in different skeletal relation in 

Turkey subjects. Silveira et al studied differences only between Class II and III relations 

of Brazil patients and indicated that there is no significant difference in size of anterior 

cranial base between Classes II and III, but large size of anterior cranial base in male 

subjects was founded. Neither of these two studies have mentioned about the analysis 

of Sella turcica bridge (Silveira et al., 2020).   
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Chapter Two 

Discussion 

Malformations in the facial area have been associated with abnormalities of the 

sella turcica which can be attributed to the fact that the craniofacial complex is primarily 

derived by migration of neural crest cells to branchial arches (Kjaer, 2015 ;Cordero et 

al., 2011). The neural crest cells migrate from the tuberculum sellae to the frontonasal, 

maxillary and palatine fields through the sonic hedgehog gene pathway (Kjaer, 2015 ). 

   Point mutations in the signaling pathway may result in deformities in the 

craniofacial region. Due to a common embryological origin, alterations in the sella 

turcica dimensions and morphology may be linked to skeletal aberrations (Cordero et 

al., 2011). Thus the focus of this study was to find an association between sella turcica 

dimensions with skeletal malocclusions. 

Various studies in the past have correlated malocclusion to other craniofacial 

structures. The past studies have shown that the sella size can be correlated to the 

malocclusion like the study by Alkofide  In 2007, who reported a significant relationship 

between class II or III skeletal patterns and the diameter of sella turcica and reported a 

larger diameter of the sella turcica in subjects with skeletal class III malocclusion a 

compared to class I and II (Alkofide, 2007).  

Moslemzade et al. reported a significant difference between class I and class III 

patients with respect to the length of sella turcica (Moslemzadeh et al., 2016). Valizade 

et al. reported that the length of sella turcica in class III patients was higher than in those 

in class I and II, while the diameter and depth of sella turcica were the same in all three 

groups (Valizadeh et al., 2015). 
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Unlike this, Sobuti et al reported that the length, diameter, and depth of sella 

turcica were the same in all three craniofacial skeleton pattern. Likewise, Preston did 

not find a significant relationship between craniofacial skeleton pattern and the size of 

pituitary fossa (Shah et al., 2011 ; Preston, 1979). 
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Chapter Three 

Conclusions and suggestions 

3.1. Conclusions 

In skeletal Class III or prognathic mandible, the anteroposterior dimensions of 

the sella turcica, that is, the length and the diameter are the largest as compared to Class 

I and Class II. however, Some researches has shown that there is no relationship between 

different skeletal malocclusion types and diameter and depth of Sella Turcica. 

 

3.2. Suggestions 

For future studies we suggest: 

- Conducting a study of sella turcica dimensions and maxillary growth in patients with 

unilateral cleft lip and palate. 

- Conducting a study of the association of posterior nasal spine to sella turcica 

measurement and skeletal malocclusions. 

- Conducting a study of the sella turcica dimension in different vertical growth patterns. 

 

 

 

 

 



 

 22 

 

References 

A 

-Alkofide, E., 2001. Pituitary adenoma: a cephalometric finding. American Journal of 

Orthodontics and Dentofacial Orthopedics, 120(5), pp.559-562. 

-Alkofide, E.A., 2007. The shape and size of the sella turcica in skeletal Class I, Class 

II, and Class III Saudi subjects. The European Journal of Orthodontics, 29(5), pp.457-

463. 

-Aine Shabbir, Q., Hassan, S., Zia-Ur-Rehman, M., Afzal, J., Haider, E., Ali, F., Saleem, 

A., Zafar, S. and Jahangeer, A., 2021. The shape and size of sella turcica in skeletal 

class I, II and III Pakistani subjects. Pak J Surg, 37(4), pp.283-90. 

-Axelsson, S., Storhaug, K. and Kjær, I., 2004. Post-natal size and morphology of the 

sella turcica. Longitudinal cephalometric standards for Norwegians between 6 and 21 

years of age. The European Journal of Orthodontics, 26(6), pp.597-604. 

-Abdel-Kader, H.M., 2007. Sella turcica bridges in orthodontic and orthognathic 

surgery patients. A retrospective cephalometric study. Australian orthodontic journal, 

23(1), pp.30-35. 

-Akay, G., Eren, I., Karadag, O. and Gungor, K., 2020. Three-dimensional     assessment 

of the sella turcica: comparison between cleft lip and palate patients and skeletal 

malocclusion classes. Surgical and Radiologic Anatomy, 42, pp.977-983. 

 

 

 



 

 23 

B 

-Baccetti, T., Franchi, L., Toth, L.R. and McNamara Jr, J.A., 2000. Treatment timing 

for Twin-block therapy. American Journal of Orthodontics and Dentofacial 

Orthopedics, 118(2), pp.159-170. 

-Becktor, J.P., Einersen, S. and Kjær, I., 2000. A sella turcica bridge in subjects with 

severe craniofacial deviations. The European Journal of Orthodontics, 22(1), pp.69-74. 

-Buschang, P.H., Jacob, H.B. and Demirjian, A., 2013. Female adolescent craniofacial 

growth spurts: real or fiction?. European journal of orthodontics, 35(6), pp.819-825. 

-Bollhalder, J., Hänggi, M.P., Schätzle, M., Markic, G., Roos, M. and Peltomäki, T.A., 

2013. Dentofacial and upper airway characteristics of mild and severe class II division 

1 subjects. The European Journal of Orthodontics, 35(4), pp.447-453. 

-Baskaradoss, J.K., Geevarghese, A., Roger, C. and Thaliath, A., 2013. Prevalence of 

malocclusion and its relationship with caries among school children aged 11-15 years 

in southern India. The Korean Journal of Orthodontics, 43(1), pp.35-41. 

-Bendgude, V., Akkareddy, B., Panse, A., Singh, R., Metha, D., Jawale, B., Garcha, V. 

and Jathar, P., 2012. Correlation between dental traumatic injuries and overjet among 

11 to 17 years Indian girls with Angle's class I molar relation. J Contemp Dent Pract, 

13(2), pp.142-146. 

 

C 

-Chilton, L.A., Dorst, J.P. and Garn, S.M., 1983. The volume of the sella turcica in 

children: new standards. American Journal of Roentgenology, 140(4), pp.797-801 

-Choi, W.J., Hwang, E.H. and Lee, S.R., 2001. The study of shape and size of normal 

sella turcica in cephalometric radiographs. Imaging Science in Dentistry, 31(1), pp.43-

49 

-Claudino, D. and Traebert, J., 2013. Malocclusion, dental aesthetic self-perception and 

quality of life in a 18 to 21 year-old population: a cross section study. BMC oral health, 

13(1), pp.1-6. 



 

 24 

-Chou, S.T., Tseng, Y.C., Pan, C.Y., Chang, J.Z.C. and Chang, H.P., 2011. Craniofacial 

skeletal dysplasia of opposite-sex dizygotic twins. Journal of the Formosan Medical 

Association, 110(5), pp.342-346. 

-Cruz, R.M., Krieger, H., Ferreira, R., Mah, J., Hartsfield Jr, J. and Oliveira, S., 2008. 

Major gene and multifactorial inheritance of mandibular prognathism. American 

Journal of Medical Genetics Part A, 146(1), pp.71-77. 

-Cordero, D.R., Brugmann, S., Chu, Y., Bajpai, R., Jame, M. and Helms, J.A., 2011. 

Cranial neural crest cells on the move: their roles in craniofacial development. American 

journal of medical genetics Part A, 155(2), pp.270-279. 

D 

-Dos Santos, R.R., Nayme, J.G., Garbin, A.J., Saliba, N., Garbin, C.A. and Moimaz, 

S.A., 2012. Prevalence of malocclusion and related oral habits in 5-to 6-year-old 

children. Oral Health Prev Dent, 10(4), pp.311-8 

-Downs, W.B., 1948. Variations in facial relationships: their significance in treatment 

and prognosis. American journal of orthodontics, 34(10), pp.812-840. 

G 

-GORDON, M.B. and BELL, A.L., 1923. A roentgenographic study of the sella 

turcica in normal children. Endocrinology, 7(1), pp.52-56. 

-Garner, LD., Butt, MH.,1985. Malocclusion in black Americans and Nyeri Kenyans. 

An epidemiologic study. Angle Or- thod. 1985;55(2):139-146. 

-Gill DS and Naini FB ,Orthodontics princippes and practice ,2011, A John Wiley & 

Sons, Ltd., Publication pp.160. 

-Gill DS and Naini FB ,Orthodontics princippes and practice, 2011, A John Wiley & 

Sons, Ltd., Publication, pp.167. 

-Gill DS and Naini FB ,Orthodontics princippes and practice, 2011, A John Wiley & 

Sons, Ltd., Publication pp.175. 

J 



 

 25 

-Jones, R.M., Faqir, A., Millett, D.T., Moos, K.F. and McHugh, S., 2005. Bridging 

and dimensions of sella turcica in subjects treated by surgical-orthodontic means or 

orthodontics only. The Angle Orthodontist, 75(5), pp.714-718. 

K 

-Kolodziej, R.P., Southard, T.E., Southard, K.A., Casko, J.S. and Jakobsen, J.R., 2002. 

Evaluation of antegonial notch depth for growth prediction. American journal of 

orthodontics and dentofacial orthopedics, 121(4), pp.357-363. 

-Kjær I, Fischer Hansen B, Reintoft I, Keeling JW. Pituitary gland and axial skeletal 

malformations in human fetuses with spina bifida. Eur J Pediatr Surg 1999;9:354-358. 

-Kjaer, I., 1998. Prenatal traces of aberrant neurofacial growth. Acta Odontologica 

Scandinavica, 56(6), pp.326-330. 

-Kier EL.(1969) ―J‖ and ―omega‖ shape of sella turcica. Anatomic clarification of 

radiologic misconceptions. Acta Radiol Diagn (Stockh), 1969;9:91- 94. 

-LKoshino, T., Konno, T. and Ohzeki, T., 1989. Bone and joint manifestations of 

Rieger's syndrome: a report of a family. Journal of pediatric orthopedics, 9(2), pp.224-

230. 

-Kjær, Inger. "Sella turcica morphology and the pituitary gland—a new contribution to 

craniofacial diagnostics based on histology and neuroradiology." European journal of 

orthodontics 37, no. 1 (2015): 28-36. 

-Keşkek, C.Ö. and Aytuğar, E., Assessment of the shape and dimensions of sella turcica 

using cone-beam computed tomography. 

L 

-Lone, I.M., Zohud, O., Nashef, A., Kirschneck, C., Proff, P., Watted, N. and Iraqi, F.A., 

2023. Dissecting the complexity of skeletal-malocclusion-associated phenotypes: 

mouse for the rescue. International Journal of Molecular Sciences, 24(3), p.2570. 

M 

-Merwin, D., Ngan, P., Hagg, U., Yiu, C. and Wei, S.H., 1997. Timing for effective 

application of anteriorly directed orthopedic force to the maxilla. American Journal of 

Orthodontics and Dentofacial Orthopedics, 112(3), pp.292-299. 



 

 26 

-Miletich, I. and Sharpe, P.T., 2004. Neural crest contribution to mammalian tooth 

formation. Birth Defects Research Part C: Embryo Today: Reviews, 72(2), pp.200-212. 

-Morotomi, T., Kawano, S., Toyono, T., Kitamura, C., Terashita, M., Uchida, T., 

Toyoshima, K. and Harada, H., 2005. In vitro differentiation of dental epithelial 

progenitor cells through epithelial–mesenchymal interactions. Archives of oral biology, 

50(8), pp.695-705 ..  

-Meyer‐Marcotty, P., Weisschuh, N., Dressler, P., Hartmann, J. and Stellzig‐

Eisenhauer, A., 2008. Morphology of the sella turcica in Axenfeld–Rieger syndrome 

with PITX2 mutation. Journal of oral pathology & medicine, 37(8), pp.504-510. 

-Masood, Y., Masood, M., Zainul, N.N.B., Araby, N.B.A.A., Hussain, S.F. and Newton, 

T., 2013. Impact of malocclusion on oral health related quality of life in young people. 

Health and quality of life outcomes, 11, pp.1-6. 

-Martins-Júnior, P.A., Marques, L.S. and Ramos-Jorge ML, M.L., 2012. Malocclusion: 

social, functional and emotional influence on children. Journal of Clinical Pediatric 

Dentistry, 37(1), pp.103-108. 

-Mossey, P.A., 1999. The heritability of malocclusion: Part 1—Genetics, principles and 

terminology. British journal of orthodontics, 26(2), pp.103-113. 

-Moslemzadeh, S.H., Moghaddam, N., Foroughi Moghaddam, S., Rafighi, A., 

Ghojazadeh, M. and Rasouli, F., 2016. Relationship between bridging and dimensions 

of sella turcica and antero-posterior skeletal malocclusions in children. Iranian Journal 

of Orthodontics, 11(2), pp.1-5. 

-Meyer-Marcotty, Philipp, Tobias Reuther, and Angelika Stellzig-Eisenhauer. 

"Bridging of the sella turcica in skeletal Class III subjects." The European Journal of 

Orthodontics 32, no. 2 (2010): 148-153. 

N 

-Nanda, R.S. and Ghosh, J., 1995, June. Facial soft tissue harmony and growthin 

orthodontic treatment. In Seminars in orthodontícs (Vol. 1, No. 2, pp. 67-81). WB 

Saunders. 

-Nagaraj, T., Shruthi, R., James, L., Keerthi, I., Balraj, L. and Goswami, R.D., 2015. 

The size and morphology of sella turcica: A lateral cephalometric study. Journal of 

Medicine, Radiology, Pathology and Surgery, 1(3), pp.3-7. 



 

 27 

O 

-Ortiz, P.M., Tabbaa, S., Flores-Mir, C. and Al-Jewair, T., 2018. A CBCT investigation 

of the association between sella-turcica bridging and maxillary palatal canine impaction. 

BioMed Research International, 2018. 

 

 

P 

-Pisaneschi, M. and Kapoor, G., 2005. Imaging the sella and parasellar region. 

Neuroimaging Clinics, 15(1), pp.203-219. 

-Paladini, D., 2010. Fetal micrognathia: almost always an ominous finding. Ultrasound 

in Obstetrics and Gynecology: The Official Journal of the International Society of 

Ultrasound in Obstetrics and Gynecology, 35(4), pp.377-384. 

-Proffit, W., Fields, H., Sarver, D., 2013.  Contemporary orthodontics. St. Louis, MO: 

Mosby Elsevier, 2013 

-Preston, C.B., 1979. Pituitary fossa size and facial type. American Journal of 

Orthodontics, 75(3), pp.259-263. 

Q 

-Quaknine, G.E. and Hardy, J., 1987. Microsurgical anatomy of the pituitary gland and 

the sellar region. 1. The pituitary gland. The American surgeon, 53(5), pp.285-290. 

 

S 

-Sathyanarayana, H.P., Kailasam, V. and Chitharanjan, A.B., 2013. Sella turcica-Its 

importance in orthodontics and craniofacial morphology. Dental research journal, 10(5), 

p.571. 

-SHAH, A., Bashir, U. and Ilyas, T., 2011. The shape and size of the sella turcica in 

skeletal class I, II & III in patients presenting at Islamic International Dental Hospital, 

Islamabad. Pakistan oral & dental journal, 31 (1.)  



 

 28 

-Silveira BT, Fernandes KS, Trivino T, Dos Santos LY, de Freitas CF. Assessment of 

the relationship between size, shape and volume of the sella turcica in class II and III 

patients prior to orthognathic surgery. Surgical and Radiologic Anatomy. 2020 

May;42:577-82. 

-Sobuti, F., Dadgar, S., Seifi, A., Musavi, S.J. and Hadian, H., 2018. Relationship 

between bridging and dimensions of sella turcica with classification of craniofacial 

skeleton. Polish Journal of Radiology, 83, pp.120-126. 

T 

-Tetradis, S. and Kantor, M.L., 1999. Prevalence of skeletal and dental anomalies and 

normal variants seen in cephalometric and other radiographs of orthodontic patients. 

American Journal of Orthodontics and Dentofacial Orthopedics, 116(5), pp.572-577. 

U 

-Uribe, L.M.M., Howe, S.C., Kummet, C., Vela, K.C., Dawson, D.V. and Southard, T.E., 

2013. Phenotypic diversity in white adults with moderate to severe Class II 

malocclusion. American Journal of Orthodontics and Dentofacial Orthopedics, 145(3), 

pp.305-316. 

 

V 

-Vettraino, I.M., Lee, W., Bronsteen, R.A., Harper, C.E., Aughton, D. and Comstock, 

C.H., 2003. Clinical outcome of fetuses with sonographic diagnosis of isolated 

micrognathia. Obstetrics & gynecology, 102(4), pp.801-805. 

-Valizadeh, S., Shahbeig, S., Mohseni, S., Azimi, F. and Bakhshandeh, H., 2015. 

Correlation of shape and size of sella turcica with the type of facial skeletal class in an 

Iranian group. Iranian Journal of Radiology, 12 (3.)  

-Valizadeh, Solmaz, Shahrzad Shahbeig, Sudeh Mohseni, Fateme Azimi, and Hooman 

Bakhshandeh. "Correlation of shape and size of sella turcica with the type of facial 

skeletal class in an Iranian group." Iranian Journal of Radiology 12, no. 3  (2015.)  

Y 



 

 29 

-Yasa, Y., Ocak, A., Bayrakdar, I.S., Duman, S.B. and Gumussoy, I., 2017. 

Morphometric analysis of sella turcica using cone beam computed tomography. Journal 

of Craniofacial Surgery, 28(1), pp.e70-e74. 

 

 


