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CBCT-Based  Volumetric  and 
Linear  Analysis  of  Sella 
Turcica  and  Its  Relationship 
with  Jaw  Base  in  Various 
Skeletal Malocclusions 
 
 

ABSTRACT 

Background: The sella turcica is an important cephalometric landmark due to 

its anatomical and embryological association with craniofacial structures. 

Variations in its morphology and dimensions may reflect differences in 

craniofacial growth patterns. Three-dimensional volumetric evidence across 

skeletal malocclusions remains limited. This study aimed to evaluate the 

relationship between sella dimensions and jaw base measurements. 

Methods: This retrospective CBCT study was conducted on 84 individuals, 

equally distributed among skeletal Class I, II, and III groups. Using Planmeca 

Romexis software dimensions (length, depth, diameter, and volume) of the 

sella turcica and the jaw base measurements (maxillary length, mandibular 

body and ramal length) were evaluated. 

Results: Pyramidal morphology was the most prevalent across all groups. 

Sella bridging was more common in Class III subjects.  Reduced sella depth 

seen in Class II individuals. Ramal length demonstrated a significant positive 

correlation with sella length, diameter, and volume. 

Conclusion: Sella turcica morphology varies among skeletal malocclusion 

patterns, and reduced depth may indicate a Class II pattern. The positive 

association between sella dimensions and ramal length suggests a potential 

relationship with vertical mandibular growth. 

 

INTRODUCTION 

In orthodontics, sella turcica (ST) serves as a stable and reliable cranial 

landmark in cephalometric analysis to assess growth and treatment changes. 

The term sella turcica is derived from the Turkish word for saddle, reflecting 

its distinctive saddle-shaped morphology. 1 

 Located on the superior surface of the sphenoid bone, this saddle-shaped 

depression houses the pituitary gland, the central endocrine regulator of 

and development.growth 2 sellaof theanterior limitThe  is theturcica

tuberculum sellae, and its posterior limit is the dorsum sellae.2 

Since the development of both the ST and the nasomaxillary complex is 

closely linked to neural crest cell migration, deviations in embryogenesis 

affecting the pituitary gland, cranial base, or midfacial structures may 

manifest as alterations in the ST morphology.3 Alterations in the size, shape, 

and contour of ST have been linked to skeletal malocclusions, dental 

anomalies, craniofacial anomalies, and systemic or syndromic 

conditions.4,5,6,7 

Mogra et al in his cephalometric study concluded that mandibular dimensions 

had a nearly constant proportional ratio to sella area. The study concluded 

that mandibular size shows a stronger and more consistent relationship to 

sella dimensions than maxillary size, suggesting sella turcica measurements 

in predicting mandibular growth.8 

Valizadeh et al. analysed the shape and linear dimensions of ST and reported 

that Class III individuals exhibited increased sella length along with a higher 

prevalence of sella turcica bridging.9 
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The anterior cranial base completes its development by approximately seven years of age, and the posterior cranial base 
undergoes its major development following the fusion of the spheno-occipital synchondrosis in mid- to late

adolescence. 10,11 The sella turcica situated centrally 

within this early developed structure, serves as a reliable 

reference for analysing and predicting the growth 

patterns of the maxillary and mandibular jaw bases. 

While previous studies relied predominantly on two-

dimensional radiography, limitations such as 

magnification errors, superimposition, and distortion 

restrict the reliability of these measurements.12 Cone-

beam computed tomography (CBCT) overcomes these 

drawbacks by offering accurate three-dimensional 

visualization of craniofacial structures, enabling precise 

assessment of ST morphology and dimensions. 

Despite many evidence linking sella turcica dimensions 

and the skeletal malocclusion, the literature remains 

limited regarding the three-dimensional volumetric 

assessment of the sella and its correlation with jaw base 

dimensions in different skeletal malocclusions. 

Understanding the relationship between sella turcica 

dimensions, volumetric analysis and jaw base 

dimensions may provide valuable insights into 

craniofacial growth patterns and early detection of 

skeletal discrepancies. 

This study focuses on comparing and correlating the 

morphology, linear dimensions, and volume of the sella 

turcica with the jaw base sizes in individuals with Class 

I, II, and III skeletal malocclusions using CBCT. This 

study aims to determine whether the sella turcica, given 

its central role in craniofacial development, can serve as 

a reliable indicator of skeletal patterns and aid in early 

detection of developing malocclusions. 

 

II. MATERIALS AND METHODS 

This retrospective CBCT-based study was conducted in 

84 subjects (24 subjects in each group of Class I, Class 

II and Class III) in the age group of 20-30 years. 

Subjects were grouped into Class I, II and III based on 

the Wits appraisal and β-angle. Skeletal Class I with β 

angle between 27°-35°; Class II group with β-angle < 

27° and ClassIII β-angle > 35°.Subjects with a history 

of facial trauma, craniofacial anomalies, facial 

asymmetry and were excluded. All CBCT scans were 

obtained using a Planmeca 3D CBCT unit with 

participants seated in an upright position under 

standardized imaging conditions.  

Using Planmeca Proman 3D Romexis 5.2.0.R software 

the measurements of sella length, depth, diameter, 

volume and jaw base dimensions were made. Linear 

measurements ST was made according to Silverman et 

al.13 [Figure 1].  Volume of ST was done using the 

manual segmentation tool in the software [Figure 2]. 

 

 

 
Figure 1: Linear dimensions of sella tucica measured using Silverman method. 

TS: tuberculum sella; DS: dorsum sella 

Red line: length of sella connecting TS and DS; Yellow line: depth of sella which is measured by a perpendicular drawn 

through the above defined line towards the floor of Sella; Green line: Diameter of sella drawn from TS to the point 

which is furthest located on the posterior inner wall of sella. 



EJPRD •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  • •  •  •  •  •  •  •  • P49 
ejprd.org- Published by Riset Publishing Services LLC.      

 

Copyright © 2026 by Riset Publishing Services LLC 

 

European Journal of Prosthodontics and Restorative Dentistry (2026) 34(7s), 47-53  

 

 

 
Figure 2: Volumetric analysis of sella turcica using manual segmentation tool 

 

 
Fig 3. Jaw base dimensions 

 Yellow line: Measurement of maxillary length (ANS-PNS) Red line: Measurement of mandibular ramal length (Co-Go)  

Green line: Measurement of mandibular body length (Go-Gn)  

ANS: Anterior nasal spine; PNS: Posterior nasal spine; Co: Condylion; Go: Gonion; Gn: Gnathion 

 

Jaw base dimensions included the maxillary length 

(ANS-PNS), mandibular body length (Go-Gn) and 

ramal length (Co-Go) [Figure 3]. 

The morphology of ST was analysed based on the 

classification by Axelsson et al 14 which is named as 

double contour of the floor of Sella, oblique anterior 

wall, pyramidal shape of dorsum Sella, irregularity in 

the posterior part of the dorsum Sella and the Sella 

bridging.  
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RESULTS 

 

1. Association between ST morphology and skeletal 

malocclusion groups 

Normal sella morphology was seen in 42.9% of Class I 

subjects, 39.3% of Class II subjects, and 28.6% of Class 

III subjects. Pyramidal shape was the most common 

morphology across all groups, observed in 50.0% of 

Class I, 35.7% of Class II, and 46.4% of Class III 

subjects. Sella bridging demonstrated marked variation 

among the groups, being present in 7.1% of Class I 

subjects and 25.0% of Class III subjects. Double contour 

morphology was exclusively noted in Class II subjects, 

accounting for 25.0% of that group, while it was not 

observed in either Class I or III subjects.  

The mean ST length was 10.269 ± 1.58 mm in Class I, 

9.799 ± 1.69 mm in Class II, and 10.249 ± 1.42 mm in 

Class III subjects. ST length and diameter did not show 

a statistically significant difference among the groups. 

The mean sella diameter was 11.57 ± 1.72 mm in Class 

I, 10.94 ± 1.56 mm in Class II, and 11.455 ± 1.39 mm in 

Class III subjects. In contrast, sella turcica depth showed 

a statistically significant difference among the skeletal 

malocclusion groups. The mean sella depth was 7.70 ± 

0.90 mm in Class I, 6.847 ± 1.09 mm in Class II, and 

7.296 ± 0.92 mm in Class III subjects. Class I subjects 

had significantly greater depth compared to Class II 

subjects.  

The mean ST volume was 1.757 ± 0.42 mm³ in Class I, 

1.563± 0.36 mm³ in Class II, and 1.759 ± 0.51 mm³ in 

Class III subjects. The difference in volume among the 

three skeletal malocclusion groups was not statistically 

significant. (Figure 4) 

 

 
Figure 4: Difference in sella turcica parameters between the three skeletal groups 

 

Measurement r 

Depth 

p r 

Length 

p r 

Diameter 

p r 

Volume 

p N 

Maxillary 

length 

.032 .772 .121 .274 .198 .071 .176 .108 84 

Mandibular 

body length 

.096 .384 .053 .633 .096 .385 .139 .207 84 

Mandibular 

ramal length 

.214 .055 .228* .037* .247* .024* .262* .016* 84 

Table 1: Pearson Correlation Analysis 

r: Pearson correlation coefficient 

* p < 0.05 indicates statistically significant correlation. 

 

Maxillary length and mandibular body length showed a 

weak positive correlation with sella depth, length, 

diameter and volume. These correlations were not 

statistically significant.  

Mandibular ramal length showed statistically significant 

positive correlations with multiple ST dimensions. A 

weak positive correlation was observed between ramal 

length and sella length, and volume. The correlation 

sellaandlengthramalbetween  notwasdepth

greaterthatindicatefindingsThesesignificant.

mandibular ramal length is associated with increased 

sella length, diameter, and volume. [Table 1] 
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DISCUSSION 

The sella turcica holds significant importance in 

orthodontics as a stable cranial base landmark essential 

for cephalometric analysis. The sella turcica’s anterior 

and posterior walls have a separate embryological 

origin: Neural crest cells give rise to the anterior wall, 

while the posterior wall develops from the paraxial 

mesoderm under the influence of the notochord.15 

Craniofacial malformations have been linked to ST 

abnormalities due to their shared neural crest cell 

origin.15 Roomaney et al. highlighted that individuals 

with various craniofacial syndromes exhibit altered sella 

turcica morphology.6 Additionally, variations in the 

shape and linear dimensions of ST across different 

ethnic populations have been studied. 

 

Morphology of sella turcica  

Pyramidal dorsum sella was the most common 

morphology across all skeletal patterns, with higher 

prevalence in Class I and III than Class II. Normal 

morphology occurred in all groups but was less frequent 

in Class III. Sella turcica bridging varied among 

patterns, showing higher occurrence in Class III and 

absence in Class II subjects. 

Studies by Marsan G et al, Marcotty et al and 

Sathyanarayana et al also reported a higher prevalence 

of ST bridging seen in Class III subjects.16,17,18 Whereas 

Öktem et al found higher prevalence of bridging in Class 

II individuals.19An interesting finding of this study was 

the exclusive presence of double contour morphology in 

Class II subjects. A study by Gökçe G et al found that 

14% in Class II div 1 and 20 % in Class II div 2 subjects 

had double contour morphology.20 Whereas the study by 

Kucia et al.  reported double contoured ST in 66.6% of 

class I subjects and 11.1% in class II subjects.21 

 

Linear and volumetric analysis of sella turcica 

In this study, linear dimensions of ST such as length and 

diameter, did not exhibit statistically significant 

differences among Class I, Class II, and Class III 

skeletal groups. In contrast, sella turcica depth 

demonstrated a statistically significant variation among 

the skeletal malocclusion groups, with Class II subjects 

exhibiting decreased sella depth than Class I subjects. A 

study by Grover et al also found that Class II subjects 

had minimum depth.22 Studies by Mortezai et al and 

Nadim et al showed that there was no statistically 

significant difference in length, depth, and diameter of 

ST in Class I, II, and III skeletal pattern.23,24 In contrast 

to this study, Valizadeh et al. found increased length in 

III individuals compared I and II individuals.9 A study 

by AlKofide found larger diameter in Class III 

individuals and smaller dimensions in Class II 

individuals.25 

ST volume did not show a statistically significant 

difference among the three skeletal patterns. The CBCT 

studies by Tunca et al and Silveira et al also showed no 

significant difference in the volume of ST in different 

malocclusions.26,27 

 

Correlation Between Sella Dimensions and Jaw Base 

Measurements 

Maxillary length or mandibular body length did not 

show any correlation with the sella turcica dimensions. 

These findings indicate that maxillary growth and 

mandibular body length may be relatively independent 

of sella size. 

However, ramal height demonstrated a statistically 

significant positive correlation with sella length, 

diameter, and volume. This suggests that increased 

vertical growth of the mandibular ramus is associated 

with larger sella dimensions. Whereas the study by 

Mogra et al found that mandibular body and ramus had 

a significant correlation to the sella dimensions.8 

The results of the present study indicate that sella turcica 

dimensions exhibit a stronger association with ramal 

length than with other jaw measurements, which may be 

explained by the influence of growth hormone secreted 

by the pituitary gland housed within the sella turcica. 

Growth hormone (GH), secreted by the anterior 

pituitary gland directly stimulates chondrocyte 

proliferation at cartilaginous growth sites and indirectly 

mediates skeletal growth via insulin-like growth factor-

1 (IGF-1), which enhances osteoblast proliferation, 

differentiation, and bone remodelling.28 

GH deficiency (GHD) in children results in 

characteristic alterations in craniofacial morphology. 

Children with GHD consistently exhibited reduced 

cranial base length, diminished ramus height, shortened 

mandibular body, decreased posterior facial height, and 

a retrognathic maxilla and mandible. These skeletal 

discrepancies often lead to increased facial convexity 

and clockwise rotation of the mandible.29,30,31 

Several studies have reported that growth hormone 

replacement therapy leads to significant improvement in 

posterior facial height, cranial base length, and 

mandibular growth. The facial convexity of these 

patients reduced. The ramus and condylar region was 

more responsive to GH therapy than the maxilla.30,31,32 

In contrast, Oliveira-Neto et al. reported that maxillary 

length was the most affected parameter in GHD 

subjects, followed by posterior cranial base length, 

posterior facial height, anterior facial height, and 

mandibular body length.33 

The ramus exhibits a stronger response to GH compared 

to the mandibular body because ramal growth occurs via 

endochondral ossification of the condylar cartilage, a 

secondary cartilage known to be highly sensitive to GH 

and IGF-1. In contrast, the mandibular body grows 

mainly through intramembranous ossification and 

remodelling, rendering it less responsive to systemic 

GH levels.32,34,35 

Similarly, the maxilla, which develops primarily 

through intramembranous ossification and sutural 

growth, demonstrates limited responsiveness to GH 

deficiency and replacement therapy.34,36 Additionally, 

the maxilla and anterior cranial base mature earlier in 

development, whereas the mandible continues to grow 

actively into adolescence, further explaining the greater 

GH-mediated changes observed in mandibular 

dimensions.32 

The findings of this CBCT-based study highlight the 

clinical importance of evaluating sella turcica (ST) 

morphology and linear dimensions in the diagnosis of 

sagittal skeletal malocclusion. A significant association 
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was observed between ST morphology and skeletal 

malocclusion, with a higher prevalence of bridging in 

Class III subjects and reduced sella depth in Class II 

individuals. Although ST dimensions did not correlate 

with maxillary or mandibular body length, their 

relationship with ramal height suggests a link with 

vertical mandibular growth. Therefore, ST linear 

parameters may aid in early identification of skeletal 

growth patterns and improve diagnostic accuracy and 

treatment planning. 

 

CONCLUSION 

• Pyramidal morphology was the most prevalent form 

across all skeletal classes, while sella turcica bridging 

was observed predominantly in skeletal Class III 

individuals. Double contour morphology was 

exclusively identified in skeletal Class II subjects. 

• Among the linear parameters, ST length and 

diameter did not differ significantly between skeletal 

classes. However, ST depth was significantly reduced in 

skeletal Class II subjects compared to Class I.  

• ST dimensions (sella length, diameter and volume) 

showed a significant correlation with the mandibular 

ramus length. Maxillary length and mandibular body 

length did not have any correlation to the sella 

dimensions. 
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