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ABSTRACT 

BACKGROUND AND OBJECTIVES: The mandibular condyle is a part of TMJ 

structure, and its shape and volume have been considered to play an important role in the 

long-term stability of treatment outcomes in orthodontic, and orthognathic patients. 

Different loading patterns would result in different morphology of the TMJ. Therefore, 

dental practitioners need to consider the morphology and position of the condyle 

throughout the whole treatment process. 

Knowledge of the difference in the shape and size of the condyle and its 

remodelling pattern is still not clear, but its relationship with various facial types and 

development patterns is still not clear. No published research has defined the morphology 

of the mandibular condyle, and correlations in the North Karnataka population. 

 

METHODOLOGY: A cross-sectional study was conducted in which 90 patients 

undergoing orthodontic treatment were selected and allocated into 3 groups of 30 each 

namely Hypodivergent, Normodivergent and Hyperdivergent based on the Frankfort 

horizontal plane angle.  After meeting the inclusion and exclusion criteria, the patients 

were subjected to the lateral cephalogram and CBCT of the condyle under standard 

resolution and FOV of 8X8 with the teeth in maximum intercuspation. The DICOM 

format of the images was taken and ten anatomical landmarks were marked and analysed 

using the Carestream imaging software. The results were then statistically analysed using 

ANOVA. 
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RESULTS: The mean values of the condylar width, height and condylar axis angulation 

in hypodivergent group and the mean value of the superior joint space showed statistically 

significant values in hyperdivergent group. 

 

CONCLUSION: Hypodivergent individuals have condyles which are larger in size and 

larger condylar axis angles. Whereas, hyperdivergent individuals have more superiorly 

positioned condyles. During orthodontic treatment, this relationship should be considered 

when predicting and treating Temporomandibular Joint Disorders. 

 

KEYWORDS: CBCT; Condylar height; Width; Axis angulation; Joint spaces. 
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1. INTRODUCTION 

The temporomandibular joint (TMJ) is a unique joint associated with the facial skeleton 

which influences the growth and development of the mandible in particular and the face 

in general. The most significant growth sites in the craniofacial complex are condyles, 

which are very adaptable. Even after they have reached their full size naturally, their 

cartilaginous tissue helps them remodel in response to external stimuli. The condyles are 

therefore not only the primary area of focus in orofacial orthopaedics but are also thought 

to determine long-term stability in orthognathic surgery and this has significant 

implications in dental practice (Ellis and Hinton 1991; Quast, et al., 2020). The 

temporomandibular joint disorders must be properly analysed in order to plan orthodontic 

treatment effectively. 

The mandibular condyle is a part of TMJ structure, and its shape and volume have 

been considered to play an important role in the long-term stability of treatment outcomes 

in orthodontic and orthognathic patients. Therefore, dental practitioners need to consider 

the morphology and position of the condyle throughout the whole treatment process. The 

condyle and fossa are loaded differently in each individual because each one has different 

craniofacial morphology. Different loading patterns would result in different morphology 

of the TMJ, which indicates that the craniofacial morphology can influence the position 

and size of the condyle and glenoid fossa. The size, shape, and function of the mandible, 

TMJ, and stomatognathic system are all highly variable (Mizoguchi et al., 2013). Also, 

the direction and magnitude of condyle growth may have an impact on the direction and 

magnitude of mandible growth. This is a crucial factor for the variability in size and shape 

and function of the mandible, TMJ, and stomatognathic system (Mizoguchi et al., 2013).  
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The individual variations prevalent in nature is an outcome of variation in growth 

and development as a result of a complex interaction between various genetic and 

environmental factors. Since form and function are closely related, most orthodontists 

anticipate correlations between condylar characteristics and craniofacial morphology. 

The skeletal pattern has been found to have a significant impact on the diagnosis, 

treatment planning, and prognosis of orthodontic treatment. The shape of the mandibular 

fossa and the condyle are significantly correlated with the type of malocclusion, 

according to numerous studies. The vertical growth pattern and the anteroposterior 

skeletal condition both influence the maximum amount of occlusal force and the activities 

of the masticatory muscles. 

Through the use of lateral cephalometric radiographs and tomograms, 

relationships between the sagittal skeletal pattern and condylar position have been 

established in various studies (Gianelly et al., 1989; Cohlmia et al 1996; Burke et al., 

1998). According to Cohlmia et al 1996, there is no difference in condylar position 

between Class I and Class II malocclusions, but patients with skeletal Class III 

malocclusion tend to have more anteriorly positioned condyles than patients with skeletal 

Class I malocclusion. Anteroposterior position and condyle size are significantly 

correlated with class III skeletal malocclusion, according to a previous study by 

Rodrigues et al. (2009), however, class II and class I skeletal malocclusion did not exhibit 

this significant correlation. The condyle's versatility and adaptability make it difficult to 

tell whether an observed morphology is a result of functional adaptation, an anatomical 

variance, or a pathological sign. Systematic evaluation improves the understanding of 

condylar pathophysiology and makes it possible to spot radiological abnormalities like 

cysts, erosions, flattening, and osteophytes. However, systematic examinations of 

physiological condyles are uncommon, and the correlations between the condyles and the 
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craniofacial skeleton frequently only point to trends (Saccucci et al., 2012; Park et al., 

2015). 

Various attempts have been made in the literature to identify these variations in 

size, shape, and direction of growth of the condyle and the changes anticipated in the 

developing condyle, using a variety of imaging techniques. This laborious exercise has 

resulted in knowledge regarding the different shapes and sizes of the condyle and the 

pattern of remodelling (Shen and Darendeliler 2005) that can be anticipated during 

growth and development, but the plethora remains unexplored. A considerable degree of 

variation is evident in facial type, proportions, and pattern, which has been described by 

various authors under various classifications. One of the commonly followed 

classifications of vertical facial type is the one which classifies the face as hypo-

divergent, normo-divergent, and hyperdivergent (Shen and Darendeliler 2005). 

Temporomandibular disorders (TMDs) are difficult to diagnose and necessitate 

extensive clinical and radiographic evaluations. Radiographic examination of the TMJ is 

challenging due to its intricate structure, and a variety of radiographic images are needed 

for an accurate diagnosis. Several methods, such as conventional radiography, magnetic 

resonance imaging, and computed tomography (CT), have been used to examine the TMJ 

structure. Cone-beam CT (CBCT) has recently been introduced for measurements of 

bony structures due to its high-resolution images with minimal distortion and less 

radiation dosage compared to conventional CT (Ikeda and Kawamura 2009). Some work 

has been done to learn more about condylar morphology using the readily available three-

dimensional (3D) data from cone beam computed tomography (CBCT) and computer 

tomography (CT) in the modern era (Saccucci et al., 2012). To improve the quality of life 

for patients receiving fixed orthodontic treatment, temporomandibular joint dysfunction 

(TMDs) must be correctly diagnosed. 
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Further, three-dimensional (3D) CBCT images enable to measure volume and 

lengths in multiple planes, which can contribute to an accurate diagnosis and predictable 

treatment outcomes. It is widely acknowledged that CBCT offers highly detailed 

radiographic images. Many imaging modalities have been tested over years by various 

researchers and concluded that Cone Beam Computed Tomography (CBCT), can be 

considered as the current day gold standard imaging modality for orofacial structures.  

Through multiplanar CT scans of the condyle, several attempts have been made 

to define relationships between facial morphology and condylar characteristics (Hilgers 

et al., 2005). The literature search reveals information about the variation in shape and 

size of the condyle and its pattern of remodelling, however, its association with different 

facial types and patterns of growth is still not clear and understanding the relationship 

between condylar position and morphology and the vertical skeletal pattern is limited. 
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2. OBJECTIVES 

TMDs are common in patients who require orthodontic treatment. As a result, 

Orthodontic therapy should try to normalize condylar position as well as address tooth 

alignment and occlusal relationships. Treatment outcomes might be improved if condylar 

morphology and position, as well as the centric relationship, were taken into account 

during treatment planning. Hence the objectives of the study include: 

 

PRIMARY OBJECTIVE: 

 To evaluate the morphology of the condyle which includes condylar height, width 

and height of the fossa in different vertical skeletal growth patterns 

(Hypodivergent, Normodivergent and Hyperdivergent growth patterns) using 

CBCT in the North-Karnataka Population. 

 

SECONDARY OBJECTIVES: 

 To identify and compare the possible morphological differences depending on the 

skeletal pattern. 

 To establish a correlation between the vertical facial type's Condylar size, Height 

of the mandibular fossa and Condylar axis angulation. 

 To know the variation in condyle to joint spaces in different vertical facial 

patterns. 

 To determine the influence of the gender of the patient on the Condylar 

morphology 
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3. REVIEW OF LITERATURE 

Since the relationship between condylar position and morphology and the vertical skeletal 

pattern is poorly understood, and therefor condylar position and morphology were 

compared between various vertical skeletal patterns in the study conducted by Park et 

al. (2015). The null hypothesis was that these characteristics do not significantly differ 

based on the vertical skeletal pattern. A review of 60 (34 women and 26 men aged 

between 20-40 years of mean age, 25.52±4.97 years) adult patients' diagnostic CBCT 

images (120 TMJs) was done. Hypodivergent, normodivergent, and hyperdivergent 

groups were created by dividing the subjects into three equal groups based on the 

mandibular plane angle. Here the patients were considered as long as they had no 

congenital skeletal deformities, such as cleft lip and palate, severe crossbite or openbite, 

functional mandibular deviation caused by occlusal interference, previous orthodontic 

treatment, clinical signs and symptoms of TMDs, prior TMD treatment, evident dental or 

facial asymmetry, and a history of trauma or general condition affecting the TMJ. The 

groups were contrasted in terms of the condyle, mandibular fossa, and condylar position 

morphology. It was observed that the superior joint spaces, antero-posterior condyle 

width, medio-lateral condyle width, condyle head angle, and condylar shapes were all 

significantly different between the hypodivergent and hyperdivergent groups. Park et al. 

(2015) conclude that contrary to those with a hypodivergent skeletal pattern, patients with 

a hyperdivergent skeletal pattern typically have smaller condyles that are positioned more 

superiorly. Further, they also have a smaller angle between the condylar axis and the 

midsagittal plane which suggests that during orthodontic treatment, the relationship 

should be taken into account for TMD prediction and treatment. 
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Cohlmia et al., (1996) assessed the morphologic relationship between the 

condyle and the fossa in patients with various malocclusions and skeletal relationships. 

They Investigated the pretreatment files of 232 Caucasian-descent orthodontic patients, 

of which 95 men and 137 women were present, with ages ranging from 9 years, 4 months 

to 42 years, 6 months. Here the dental casts, lateral cephalometric radiographs, hand-

wrist radiographs, and corrected tomograms of the right and left TM joints were among 

the records that were included. It was observed that the relationship between the condyle 

and the fossa frequently exhibited non-concentricity and mild asymmetries. The mean 

percentage of joint space was found to be 6.93% on the left side and -1.24% on the right, 

indicating that the left condyle was located more anteriorly than the right. Also, it was 

observed that the Class III patients showed significantly more anteriorly positioned 

condyles in both the skeleton and the mouth (P < 0.05) and Based on ANB or Angle's 

classification, there were no appreciable differences in condylar position between Class 

I and Class II groups. Additionally, they found that there was no discernible difference 

in condylar position between groups based on overbite or crossbite. 

 

The retrospective study sought by Burke et al., (1998) was to establish the 

relationships between preadolescents' condylar characteristics as assessed by 

preorthodontic tomograms and their facial morphologic traits. The sample included for 

the study was 136 patients with a Class II malocclusion, a tendency toward vertical or 

horizontal skeletal growth, and an age range between 10 and 12 months for males and 9 

and 11 months for females. A total of 68 patients were divided into two groups: the 

vertical group, with 36 men and 32 women having average pretreatment age of 11 years 

and 0 months, and the horizontal group, with 29 men and 39 women having average 

pretreatment age of 10 years and 9 months. To measure the condyle/fossa, measurements 
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of the anterior, superior, and posterior joint spaces, the condylar head and posterior 

condylar ramus inclination, the condylar neck width, the condylar shape, and the condylar 

surface area were taken from the central cut of axially corrected lateral tomograms of the 

left and right temporomandibular joints for each group. The superior joint space and 

condylar head inclination were found to be significantly correlated with facial 

morphology. In their study patients with vertical facial morphology exhibited smaller 

superior joint spaces and condyles that were angled posteriorly. Further, it was noted that 

patients with a horizontal facial morphology were significantly associated with greater 

superior joint spaces and anteriorly angled condyles and there were no discernible 

relationships between the other condylar traits and facial morphology. 

 

Quast et al., (2020) assessed how general anaesthesia affected centric 

relationships in view of condylar resorption, postoperative relapse, and 

temporomandibular disorders are all supposed to result from improper registration of the 

condylar position during orthognathic surgery. Here Thirty patients (14 men, 16 women) 

undergoing orthognathic surgery had centric relation recorded both preoperatively in the 

awake patient and intraoperatively under general anaesthesia. The superior, anterior, and 

posterior joint spaces as well as the volumetric congruence of 120 condyles were 

examined using centric relation records that had been digitally preserved and 

superimposed on a patient's skull image taken with a cone beam computed tomography 

prior to surgery. It was observed that the centric relation measured in the awake and 

anaesthetized patient did not differ in any clinically significant ways, according to the 

linear measurements of joint spaces. Comparing the two states statistically, however, 

showed that the intraoperative condylar sag was primarily in the posterior-inferior 

direction. They conclude that the possibility of positioning the condyle in an unnatural 
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position increases the risk of this happening, which supports the use of intraoperative 

condylar positioning tools to produce predictable and stable results. 

 

Mizoguchi et al., (2013) studied the growth of the mandible and biological 

characteristics of the mandibular condylar cartilage. Condylar process growth occurs in 

a variety of anterosuperior to posterior directions, leading to a very diverse mandibular 

growth pattern and the mandibular displacement direction and vertical jaw deviations are 

closely related to the condylar growth direction. They said that the following 

characteristics distinguish condylar cartilage, which is ontogenetically classified as 

secondary cartilage, from other primary cartilage. (1) Condylar cartilage is a 

heterogeneous tissue made up of chondrocytes, fibroblasts, and osteochondral progenitor 

cells. (2) In the cartilaginous cell layer, type II collagen and type I collagen, both of which 

are derived from progenitor cells, colocalize. (3) The chondroid bone found in peripheral 

condylar cartilage is a specialised calcified tissue with morphological characteristics that 

fall somewhere between those of bone and cartilage. This hybrid tissue may be crucial in 

controlling the varying rates of intramembranous and endo-chondral ossification bone 

formation, allowing for a wide range of growth directions and condylar and maxillofacial 

morphology. 

 

Ellis and Hinton (1991) used rigid and nonrigid fixation on monkeys to assess 

the histologic response of the temporomandibular joint (TMJ) after mandibular 

advancement. In their study, sagittal ramus osteotomies with advancement were 

performed on twelve adult female rhesus monkeys and six of them underwent bicortical 

bone-screw fixation rather than MMF, and six were given maxillomandibular fixation 

(MMF). Each animal had three measurements of condylar cartilage thickness that were 
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compared to variations in the condyle's position. It was observed that the condyles tended 

to move anteriorly in animals that underwent MMF, while the condyles tended to move 

posteriorly in animals that underwent rigid fixation. The cartilage layers in the MMF 

animals were thicker. Condyle resorption on both the anterior and posterior surfaces of 

the postglenoid spine was visible in animals with posterior condyle displacement. The 

thickness of the posterior aspect of the condylar cartilage significantly correlated with 

changes in the condyle's horizontal position. According to the study's findings, changes 

in condylar position may result in the remodelling of the TMJ. 

 

In subjects with Class I malocclusion, Rodrigues et al. (2009) studied the 

condyle-fossa relationship, the condyles' concentric position, and the dimensional and 

positional symmetries between the right and left condyles. Thirty people between the 

ages of 13 and 30 who had Class I malocclusions underwent temporomandibular joint 

computed tomography imaging and axial slice images were examined for any potential 

size and location asymmetries between the condylar processes connected to this 

malocclusion. Sagittal slice images were used to evaluate the condyle-fossa relationship, 

the concentric position of the condyles, and the depth of the mandibular fossa in this 

malocclusion. In this sample, there were no statistically significant asymmetries between 

the condylar processes were observed and the depth of the mandibular fossa, the anterior 

joint space, and the superior joint space did not show any statistically significant 

asymmetries. They concluded that the only area where there was a statistically significant 

difference between the right and left sides was the posterior articular space. On the right 

temporomandibular joint, the posterior articular space had a higher mean. 
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The study by Saccucci et al., (2012) used cone-beam computed tomography 

(CBCT) and analysis software to measure the condylar volume in subjects with various 

mandibular divergence and skeletal classes. The left and right temporal mandibular joints 

(TMJs) were rendered in reconstruction for 94 patients with 46 females and 48 males 

having mean age of 24.3±6.5 years. The subjects were then divided into three classes (I, 

II, and III) based on the ANB and GoGn-SN angles. Data from the various classes were 

compared. They observed that in the entire sample, there was no discernible difference 

in condylar volume between the right and left sides. However, the analysis of mean 

volume in subjects with low, normal, and high mandibular plane angles showed that these 

subjects had significantly more volume and surface than the other groups. Further, it was 

found that class III subjects also tended to exhibit higher condylar volume and surface 

than class I and class II subjects, although the difference was not statistically significant. 

They concluded that in comparison to subjects with normal and high mandibular plane 

angles, low-angle subjects frequently exhibited higher condylar volume and condylar 

volume and surface also seem to be related to the skeletal class. 

 

The study of Ikeda and Kawamura (2009) sets out to identify the ideal condylar 

position in the fossa on sagittal LCBCT images in operationally optimal joints without 

disc displacement hoping that the data may serve as a baseline for future research into the 

connections between condylar position, disc displacement, and TMD. In their study 

LCBCT was used to evaluate 24 joints in 22 symptom-free subjects of 10 males, and 12 

females of mean age, 18 years who had no disc displacement as shown by magnetic 

resonance imaging. Each joint's condyle position was calculated using linear 

measurements of the anterior space (AS), superior space (SS), and posterior space (PS). 

It was observed that 1.3 mm (SD 6±0.2 mm), 2.5 mm (SD 6±0.5 mm), and 2.1 mm (SD 
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6±0.3 mm) were the mean values for AS, SS, and PS. The AS to SS to PS ratio was 

respectively 1.0, 1.9, and 1.6. Joint space distances did not differ significantly between 

the sexes. The findings revealed less condylar position variability in the fossa than had 

been previously observed in normal subjects. They concluded that information from ideal 

joints could be used as benchmarks for the clinical evaluation of condylar position 

obtained by LCBCT. 

 

The objectives of Hilgers et al., (2005) were to define CBCT multi-planar 

reformatted projections for TMJ examination and assess the precision of linear 

measurements of the TMJ and related structures obtained from these projections in 

comparison to comparable measurements obtained from traditional cephalograms and the 

anatomic truth. To determine the anatomical truth for 25 dry human skulls, linear 

dimensions between 11 anatomical sites were measured with a digital calliper. The skulls 

were imaged using iCAT, CBCT, and photostimulable phosphor plates to create 

cephalograms in all three orthogonal planes and the digital cephalograms and seven 

unique CBCT reconstructions were measured linearly. Their study resulted that 3 of 5 

LC, 4 of 5 PA, and 4 of 6 SMV measurements were significantly off the mark, although 

all CBCT measurements were accurate. Further, when compared to anatomic truth, 

intraobserver CBCT measurements were significantly more reliable than those obtained 

from LC, PA, and SMV images. They conclude that mandibular and TMJ dimensions 

can be measured linearly using custom oblique multi-planar reformatted reconstructions 

with iCAT CBCT in an accurate and trustworthy manner. 

 

Pushkar et al., (2019) used cone beam computed tomography (CBCT) imaging 

to measure the height of the condyle and condylar axis angulation as displayed by patients 
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with various facial types in the mixed Indian population. In their study, the CBCT data 

of 90 patients in total were chosen. Based on the FMA angle, the patients were divided 

into three vertical facial-type groups, with 30 patients in each group. Each category of 

facial type had its condylar height and condylar axis angulation measured and statistically 

analysed. They observed that in comparison to Groups 1 and 2, Group 3 had a 

significantly higher distribution of mean condylar height (P-value < 0.001). In 

comparison to Groups 1 and 3, Group 2 had a significantly higher distribution of mean 

condylar axis angulation (P-value < 0.05). According to the study's findings, 

hyperdivergent facial types have higher condylar heights than normo and hyper-

podivergent types. In contrast to normo and hyperdivergent types, hypodivergent types 

have a larger condylar axis angulation. They advised that similar studies be carried out 

with a larger sample size that will allow the clinician to determine the correct diagnosis 

and forecast the course of treatment in response to the growth pattern. 

 

Considering the relationship between condylar morphology and skeletal pattern 

in individuals is very important for treatment plans ranging from orthognathic surgery to 

orthodontic orthopaedics, the objective of Santander et al., (2020) was to systematically 

investigate condylar characteristics in an adult population using 3D volumetric, linear, 

and angular measurements in transverse, sagittal, and vertical dimensions. In their study 

cone beam computed tomography or head computed tomography scans were performed 

on a total of 111 adult patients having a mean age of 27.0±10.2 years. The data were used 

to calculate 3D models of the condyles and the skull. The craniofacial skeleton was 

assessed in three different ways: vertically for jaw inclination, sagittally for skeletal 

classes, and transversally for skeletal symmetry. The antero-posterior and medio-lateral 

condylar inclination, the condylar width, height, and depth, and the ratio of the condylar 
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volume to the mandibular volume (C/Mand) were used to measure the condylar 

morphology. They found in transversal that, as compared to symmetric patients, 

asymmetric patients displayed significantly higher discrepancies in the volumetric ratio 

C/Mand on the deviation and non-deviation sides. Class III participants showed longer, 

more voluminous condyles with higher antero-posterior and medio-lateral inclination 

angles than Class II participants in the sagittal plane. Vertically, compared to 

hypodivergent subjects, hyperdivergent subjects had smaller condyles with higher antero-

posterior inclination angles. Regarding condylar morphology, no interactions between 

skeletal class and vertical relationships were found. Their research shows an adult 

population's distinct condylar morphology and pronounced skeletal patterns to be 

correlated. The description of radiographic condyle characteristics in relation to 

craniofacial morphology aids in the diagnosis of temporomandibular joint pathologies 

and enhances orthodontic treatment planning. 

 

With the aid of CBCT, the study of Jyotirmay (2021) was conducted to determine 

the relationship between various vertical and anteroposterior skeletal conditions and 

condyle size in adult participants. 266 study participants of 112 men and 144 women 

were included in the investigation. Here the participants were categorized as class I when 

−1° ≤ A point-nasion-B point angle (ANB) < 4°, class II when ANB ≥ 4°, and class III 

when ANB < −1°. Each subject had their CBCT images taken, and the condyle's length, 

width, and height were measured. The data were gathered, and statistical analysis was 

done using the analysis of covariance test (ANCOVA). The cutoff for statistical 

significance was set at p less than equal to 0.05. It was found that in females, the condyle 

was smaller in size. Different anteroposterior and vertical positions had negligible 

differences in the condyle's length. Further, condyle height and width were highest in the 
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class III anteroposterior condition and lowest in the class I condition, respectively. 

However, condyle width and height were highest in the hypodivergent condition and 

lowest in the hyperdivergent condition. It was determined that the condyle's height and 

width vary greatly in various vertical and anteroposterior skeletal patterns and that 

women's condyles are smaller than those of men. 

 

The purpose Nithin et al., (2021) was to evaluate the morphology of the 

mandibular condyle and glenoid fossa in a chosen population and record any 

morphometric changes using cone beam computed tomography (CBCT) imaging 

modality. They carried out a retrospective CBCT analysis on 119 patients. Males and 

females underwent evaluations of their left and right sides for the following parameters: 

length, width, height, the volume of the condyle, and thickness of the roof of the glenoid 

fossa. Their study found a significant difference in the linear condylar measurements of 

width and volume between the left and right side, highlighting the need for each condyle 

to be assessed and evaluated separately before any treatment. Males on both sides had 

significantly larger mandibular condyles in terms of height, width, and length. All other 

spaces were noticeably larger in males, with the exception of the left anterior space. 

Overall, both sides of the male condyles had significantly more volume. On comparing 

the thickness of RGF on the two sides, there were appreciable differences among females. 

They conclude that CBCT can also be a useful predictor of treatment outcomes for 

disorders affecting the TMJ, as a useful diagnostic tool for assessing different 

dimensions, joint spaces, and condylar volume in various planes. 

 

Gorucu-Coskuner and Ciger (2017) conducted the study in order to compare 

and contrast the positions and dimensions of the temporomandibular joint and its 
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components in patients with Class II division 1 and division 2 malocclusions. 14 patients 

with Class II division 1 malocclusion and 14 patients with Class II division 2 

malocclusion, both with mean ages of 11.4 ± 1.2 years, were included in the computed 

tomography images. The mandibular fossa depths and anterior, superior, and posterior 

joint spaces were measured from the sagittal images. Here, the measurements between 

the two sides and between the Class II division 1 and 2 groups were compared using the 

independent samples t-test. They found that there were no statistically significant 

differences between the right and left temporomandibular joints, leading to the pooling 

of the data. Further, when comparing the mandibular fossa depth and anterior joint space 

measurements between the Class II division 1 and 2 groups, there were statistically 

significant differences. The right and left temporomandibular joints were symmetrical in 

Class II patients. The mandibular fossa and anterior joint space were both larger and 

deeper in the Class II division 1 group than they were in the Class II division 2 group. 

 

A pilot study was conducted by Poluha et al., (2014) to compare the condylar 

translation between patients with a hyperdivergent and a hypodivergent facial pattern, 

lohit carried out a pilot study. Here, the samples were split into two groups: 

hyperdivergent (n = 12) and hypodivergent (n = 12), following examination of images 

and cephalometric data. Temporomandibular joint planigraphys with maximum mouth 

opening and maximum intercuspal were performed to assess condylar translation. 

Following that, the maximum mouth opening in the articulation of each planigraphy was 

traced. Metric values were obtained by measuring the distance between the most anterior 

superior mandibular condyle and the point in the lower region of the articular eminence. 

Between the groups compared, no statistically significant differences were discovered in 

their study. The right mandibular condyle, however, translated horizontally, with values 
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of 6.00 mm for the hyperdivergent group and 3.25 mm for the hypodivergent group. They 

concluded that when compared to hypodivergent patients, the divergence between the 

means indicates that hyperdivergent patients have higher condylar translation in both 

condyles. Further, they suggested for additional research to clarify the connection 

between facial pattern, cortical thickness condylar, and condylar translation. 

 

Gaulort et al., (2017) compared patients with unilateral condylar hyperplasia 

(UCH) and those with a Class III skeletal relation in terms of condylar volume. They 

considered twenty patient cone-beam computed tomograms for the examination and 10 

images from patients with transverse asymmetry of the face and 10 images from patients 

with a Class III facial deformity were divided into 2 groups. In their study, Dolphin 3D 

was used to reconstruct volumetric data (Dolphin Imaging & Management Solutions, 

Chatsworth, CA). This software measured the overjet, the lower arch midline deviation, 

and the condylar volume above the deepest point of the sigmoid notch. Their results 

indicated that in comparison to the contralateral condyle, the condyle with hyperplasia 

had the largest volume (1.97 ± 0.52 cm3) and a statistically significant difference (P < 

0.01). Further, relative volume symmetry between the left and right sides could be seen 

in the Class III condyle. Compared to the non-hyperplastic condyles in the UCH group, 

these condyles displayed a larger volume. Their research concluded that the condyles of 

patients with mandibular prognathism and hyperplastic condyles were similar in volume, 

indicating that patients with a Class III skeletal relation may experience bilateral condylar 

hyperplasia. 
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4. MATERIAL AND METHODOLOGY 

SOURCE OF THE DATA: 

Study Design: This is a cross-sectional study.  

The study has been approved by the institution's ethical clearance committee. The patients 

reporting to SDM College of Dental Sciences and Hospital were included in the study. 

Patients of North Karnataka origin reporting for Orthodontic needs were selected for the 

study. Patients were informed about the study and their consent was taken for the same. 

 

METHOD OF COLLECTION OF DATA: 

Sample size: 

The total sample size of 90 subjects comprising 30 participants under each group 

1. 30 patients in the Hypodivergent group 

2. 30 patients in the Normodivergent group 

3. 30 patients in the Hyperdivergent group. 

 

Inclusion Criteria: 

 Age: 18-30 years 

 Patients with no previous history of orthodontic or orthopaedic treatment. 

 Patients with fully erupted permanent dentition, excluding third molars. 

 Good quality CBCT images. 
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Exclusion criteria: 

 Patients with any systemic or congenital diseases. 

 Patients with a history of TMJ disorders, craniofacial trauma, and craniofacial 

deformities. 

 Patient's malignancy or any other systemic diseases 

 Patients with any condition or syndrome affecting bone metabolism. 

 Patients with any gross facial asymmetry or functional mandibular deviation due 

to occlusal interferences. 

 Pregnant and lactating women. 

 

PROCEDURE: 

After the inclusion and exclusion criteria is met, a total of 90 subjects were included in 

the study. CBCT imaging and Lateral Cephalogram were taken for all the subjects who 

were included in the study. The evaluation of the lateral Cephalogram was carried out. 

The subjects were allocated into one of the three groups based on vertical skeletal pattern, 

depending upon the Frankfort mandibular plane angle (FMA), with 30 patients in each 

vertical facial type of group. 

1. Group 1 - Normodivergent facial type (FMA = 22°- 25°), 

2. Group 2 - Hypodivergent facial type (FMA < 22°) 

3. Group 3 - Hyperdivergent facial type (FMA >25°). 

 

CBCT was taken for each subject using a Care stream, a Cone beam computed 

tomography machine. The field of view (FOV) was adjusted at 8 x 8 cm2, tube voltage at 

120 KV, tube current 4.0 mA with a standard image resolution with an exposure time of 

15.0 seconds and rotation was adjusted at 360 degrees. It was taken care that while 
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obtaining a CBCT image, patients were in a static position so that their Frankfort plane 

was parallel with the ground and the teeth in maximum intercuspation. The digital copy 

of the CBCT images was obtained from the Department of Oral Medicine and Radiology. 

The morphology of the condyle was analyzed using the Carestream Imaging Software. 

 

This study was designed to analyze: 

1. Condylar size (width, length and height),  

2. Fossa height and  

3. Condyle-to-fossa joint spaces at the anterior, superior and posterior condylar 

poles.  

 

For measurements, 10 anatomic landmarks were identified as shown in Figure 1. 

1. Cd-med, 

2. Cd-lat 

3. Cd-sup, 

4. Cd-ant 

5. Cd-post, 

6. Sig-inf  

7. Sig-post,  

8. Fs-sup,  

9. At-inf, and  

10. Am-inf.  

 

Stringert and Worms (1986) and Burke et al. (1998) developed methods for 

measuring the size of the condyle on both the right and left sides. Certain anatomical 
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landmarks were defined on the CBCT images in this procedure, and then the distances 

between these anatomical landmarks were measured to determine the length, width, and 

height of the condyle. 

The most prominent point on the lateral side of the coronal slice is indicated, as 

is the most prominent point on the lateral side (cd-lat). Cd-med is the most prominent 

point on the medial side of the coronal slice. The Condylar width will be measured as the 

distance between the Cd-med and Cd-lat (Figure 2A). After identifying the most superior 

point of the condyle (Cd-sup) from serial axial images, we chose the sagittal section, and 

the landmark was confirmed as the most superior point of the condyle on the sagittal 

section. Cd-sup was used to measure condylar length and height, fossa height, and three 

joint spaces (superior, anterior, and posterior). 

SCo was the point at the most superior location of the condyle. ACo was 4 mm 

below SCo on the front side of the condyle's anterior surface. The PCo was found 4 mm 

below the SCo on the condyle's posterior surface. Between the ACo and the PCo, a line 

was established. The length of the condyle was determined by measuring this line.(Figure 

2B). 

The reference line for measuring the height of the mandibular fossa is drawn from 

the inferior point on the articular tubercle to the inferior point of the auditory meatus. The 

perpendicular is drawn from this line to the fossa's superior most point. The perpendicular 

distance gives the height of the fossa (Figure 3). 

The condylar height will be measured by drawing a tangent on the posterior 

border of the mandible in a sagittal view. A perpendicular was drawn to this tangent from 

the most cranial point on the condyle to the most caudal point of the mandibular notch 

(incisura mandibulae) (Figure 4). The distance between these two perpendiculars was 

used to calculate the condylar height, as described by Kjellberg et al. (1994). 
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The angle created by the long axis of the mandibular condyle and a line parallel 

to the Frankfort horizontal plane in sagittal view was measured as condylar axis 

angulation (Figure 5). 

 The joint spaces between the mandibular condyle and the glenoid fossa were measured 

linearly as follows: 

The true horizontal line was defined as a horizontal line that coincided with the 

superior most convex point of the glenoid fossa (superior fossa [SF]). The superior joint 

space was determined by the distance between the SCo to the SF. The anterior and 

posterior joint spaces were determined by drawing a tangential line connecting the most 

convex anterior and posterior sections of the condyle to the SF and determining the 

locations coinciding with the anterior and posterior spaces. 

A perpendicular line was drawn to the tangential line to determine the distance between 

the glenoid fossa and the anterior and posterior condyles, which were measured as the 

anterior and posterior joint spaces (Figure 6). 
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Table 1: Table showing measurements and their definition. 

Measurement Definition 

Condylar width 

(mm) 

The distance from Cd-med to Cd-lat in the coronal section. 

Condylar Length 

(mm) 

The distance from Co-ant to Cd-post in the sagittal section. 

Condylar Height 

(mm) 

The distance from the Co-sup to the mandibular notch. 

Condylar Axis 

Angulation 

(degrees) 

The angle formed by the long axis of the condyle to the FH 

plane in the antero-posterior plane. 

Fossa Height (mm) 

The distance from the superior most point on the fossa to line 

joining the art-inf to am-inf. 

Anterior Joint 

Space (mm) 

The distance from the posterior wall of the articular tubercle 

and the most anterior point of the condylar head. 

Superior Joint 

Space (mm) 

The distance between the posterior most superior point of the 

mandibular fossa and the most superior point of the condylar 

head. 

Posterior Joint 

Space(mm) 

The shortest distance between the posterior wall of the articular 

tubercle and the most anterior point of condylar head 
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Figure 1: Showing anatomical landmarks on CBCT image. 
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Figure 2A: Showing the measurement of the condylar width. 

 

 

Figure 2B: Length of the condyle in the sagittal plane. 
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Figure 3: Showing the height of the mandibular fossa in the sagittal plane. 

 

 

Figure 4: Showing the height of the Condyle.  

(The tangent is drawn on the posterior border of the mandible and a perpendicular is 

drawn from the mandibular notch to this tangent and the perpendicular from the most 

superior point on the condyle). 
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Figure 5: Showing the condylar axis angulation. 

(Angle between the long axis of the condyle and a line parallel to the Frankforts 

horizontal plane is measured). 
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Figure 6: Showing the measurement of the Anterior, Superior and Posterior joint 

spaces. 
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STATISTICAL ANALYSIS: 

The sample size was estimated by using power analysis by G* power, version 3.0.1. With 

an alpha error of 5% and a power of 80%, a sample size of 30 for each group was adequate 

to detect the difference in condylar morphology in different growth parameters. The 

descriptive analysis of the data was represented as means and standard deviation.  

The calculation of sample size was done by the formula given below. 

 

 

The entire data were analysed using Statistical Package for Social Sciences 

Software (SPSS, version, 20.0, IBM, USA). Both categorical and continuous data were 

tested for statistical significance. For the assumption of Normality of continuous data, the 

Shapiro-wilk test was applied. 

Comparison between mean and standard deviation within the group and between 

the groups was done using One-way Analysis of Variance (ANOVA) with Bonferroni 

correction. The significance level was set to 5% (p-value = 0.05). 
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5. RESULTS 

The groups are indicated as below:  

Group 1: Hypodivergent  

Group 2: Hyperdivergent  

Group 3: Normodivergent 

 

Table 1: Distribution of patents and gender among Group-1, Group-2 and Group-3. 

  
Patents 

Total 
1-Female 2-Male 

Group 

1 25 5 30 

2 20 10 30 

3 21 9 30 

Total 66 24 90 

 

 

 

Figure 1: Distribution of patents and gender among Group-1, Group-2 and Group-3. 
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Table 2: Comparison of condylar width in Group-1, Group-2 and Group-3. 

 N Mean 
Std. 

Deviation 
Std. 

Error 

95% Confidence Interval for 

Mean Minimu
m 

Lower Bound Upper Bound 

1 30 18.2303 3.53726 0.64581 16.9095 19.5512 13.24 

2 30 15.9483 3.76144 0.68674 14.5438 17.3529 9.37 

3 30 13.3217 3.10931 0.56768 12.1607 14.4827 8.31 

Total 90 15.8335 3.9881 0.42038 14.9982 16.6687 8.31 

 

 

 

Figure 2: Comparison of condylar width (mean) in Group-1, Group-2 and Group-3. 
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Table 3: Comparison of condylar length in Group-1, Group-2 and Group-3. 

CO.LENGTH (mm) 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for 

Mean Minimum 

Lower Bound Upper Bound 

1 30 5.667667 1.497017 0.2733167 5.108671 6.226662 3.1 

2 30 6.654333 2.9183707 0.5328192 5.564596 7.744071 3.93 

3 30 5.931 1.2378634 0.2260019 5.468774 6.393226 2.93 

Total 90 6.084333 2.0446642 0.2155265 5.656087 6.51258 2.93 

 

 

 

Figure 3: Comparison of condylar length (mean) in Group-1, Group-2 and Group-3. 
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Table 4: Comparison of condylar height in Group-1, Group-2 and Group-3. 

  N Mean 
Std. 

Deviation 
Std. Error 

95% Confidence Interval 

for Mean Minimu

m Lower 

Bound 

Upper 

Bound 

1 30 27.275 6.52859 1.19195 24.8372 29.7128 12.22 

2 30 23.3997 6.28554 1.14758 21.0526 25.7467 12.79 

3 30 19.4163 4.83844 0.88337 17.6096 21.223 8.29 

Total 90 23.3637 6.69322 0.70553 21.9618 24.7655 8.29 

 

 

 

Figure 4: Comparison of condylar height (mean) in Group-1, Group-2 and Group-3. 
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Table 5: Comparison of height of the fossa in Groups-1, Group-2, and Group-3. 

FOSSA (mm) 

  N Mean Std. Deviation Std. Error 
95% Confidence Interval for Mean 

Lower Bound 

1 30 7.1062 2.0499907 0.3742754 6.340721 

2 30 7.108133 2.3599783 0.4308711 6.226903 

3 30 7.563667 2.1059808 0.3844977 6.777281 

Total 90 7.259333 2.1624326 0.2279404 6.806421 

 

 

 

Figure 5: Comparison of height of the fossa (mean) in Groups-1, Group-2, and Group-3. 

 

 

 

 

 

 

 

 

 

7.1062 7.108133

7.563667

6.8

6.9

7

7.1

7.2

7.3

7.4

7.5

7.6

1 2 3

M
ea

n

Group

Group v/s Mean



 - 35 - 

Table 6: Comparison of condylar axis angulation in Group-1, Group-2, and Group-3. 

CO.AXIS (degrees) 

  N Mean Std. Deviation Std. Error 
95% Confidence Interval for Mean 

Lower Bound Upper Bound 

1 30 65.078 7.1668545 1.3084826 62.401853 67.754147 

2 30 60.576667 6.7165105 1.2262614 58.06868 63.084653 

3 30 55.069 7.2870028 1.3304186 52.347988 57.790012 

Total 90 60.241222 8.1042788 0.854266 58.543814 61.938631 

 

 

 

Figure 6: Comparison of condylar axis angulation (mean) in Group-1, Group-2, and 

Group-3. 

 

 

 

 

 

 

 

 

65.078

60.576667

55.069

50

52

54

56

58

60

62

64

66

1 2 3

M
ea

n

Group

Group v/s Mean



 - 36 - 

Table 7: Comparison of condyle to joint spaces in Group-1, Group-2, and Group-3. 

 Descriptives 

  N Mean Std. Deviation Std. Error 

95% Confidence 

Interval for Mean 

Lower Bound 

A.FOSSA(mm) 

1 30 2.030333 0.8715087 0.159115 1.704907 

2 30 2.013 0.6548711 0.1195626 1.768467 

3 30 1.992667 0.9118527 0.1664808 1.652175 

Total 90 2.012 0.811416 0.0855308 1.842052 

S.FOSSA(mm) 

1 30 4.256333 1.0152849 0.1853648 3.87722 

2 30 3.040333 1.2935423 0.2361674 2.557317 

3 30 3.119667 1.2698017 0.231833 2.645515 

Total 90 3.472111 1.3109166 0.1381827 3.197545 

P.FOSSA(mm) 

1 30 2.553667 1.2531601 0.2287947 2.085729 

2 30 3.040333 1.8167164 0.3316855 2.36196 

3 30 2.66 1.1180432 0.2041258 2.242516 

Total 90 2.751333 1.4277894 0.1505022 2.452289 
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Figure 7: Comparison of condyle to joint spaces (mean) in Group-1, Group-2, and 

Group-3. 

 

Table 8: Comparison of means of Condylar width between groups. 

ANOVA 

  Sum of Squares df Mean Square F Sig. 

Between Groups 362.014 2 181.007 14.948 0 

Within Groups 1053.527 87 12.11     

Total 1415.541 89       

 

Table 9: Comparison of Means of Condylar height between the groups. 

ANOVA 

  Sum of Squares df Mean Square F Sig. 

Between Groups 926.438 2 463.219 13.167 0 

Within Groups 3060.689 87 35.18     

Total 3987.127 89       
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Table 10: Comparison of means of Condylar Axis angulation. 

ANOVA 

CO.AXIS (degrees) 

  Sum of Squares df Mean Square F Sig. 

Between Groups 1507.765 2 753.882 15.12 0 

Within Groups 4337.696 87 49.859     

Total 5845.461 89       

 

Table 11: Comparison of Means of Condyle to Joint spaces. 

ANOVA 

  
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

A.FOSSA (mm) 

Between Groups 0.021 2 0.011 0.016 0.984 

Within Groups 58.576 87 0.673     

Total 58.597 89       

S.FOSSA (mm) 

Between Groups 27.77 2 13.885 9.65 0 

Within Groups 125.177 87 1.439     

Total 152.947 89       

P.FOSSA (mm) 

Between Groups 3.928 2 1.964 0.963 0.386 

Within Groups 177.506 87 2.04     

Total 181.434 89       
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6. DISCUSSION 

Growth and development are important aspects of an individual's life that are impacted 

by the complete interaction of hereditary and environmental influences. The major 

growth site, the condyle, has a significant influence direction of mandibular growth. 

Condylar growth studies in humans utilizing metallic implants have revealed that 

mandibular growth occurs at varying rates during the prepubertal or juvenile growing 

stage. Because of the increased intensity of condylar growth during puberty, the pubertal 

growth spurt is widely regarded as the optimal time for orthodontic and functional therapy 

in patients with class II malocclusion. 

Several authors, including Bjork (1963), Profitt and Fields (1986), Sugawara and 

Kawamura (1997) have discussed the importance of condylar cartilage in mandibular 

growth and its influence and direction of mandibular growth, making it a critical element 

in the development of malformation or asymmetry. Mizoguchi et al., (2013) examined 

the role of condylar cartilage in mandibular development and its relationship to 

craniofacial morphogenesis and TMJ function. The condylar process extends from 

anterosuperior to posterior, resulting in very varied mandibular growth and shape. They 

came to the conclusion that the condyle may be crucial in regulating the rate of bone 

remodelling in intramembranous and endochondral ossification, resulting in different 

condylar morphology and facial patterns. Condylar position and morphology are essential 

considerations for TMJ-oriented orthodontic treatment planning.  

The skeletal pattern also influences orthodontic diagnosis, treatment, and 

therapeutic responses (Girardot et al, 2001). As stated by Vitral et al. (2004) it is debatable 

whether the occlusal relationship influences the TMJ. The morphology of the condyle 

and mandibular fossa has been found to alter depending on the kind of malocclusion, but 
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other research has not supported this finding (Vitral et al., 2004, Matsumoto et al., 1997, 

Burley et al., 1961). It is well established that the vertical facial pattern influences 

maximum occlusal force and masticatory muscle activity. Several studies have used 

lateral cephalometric radiographs and tomograms to determine relationships between the 

sagittal skeletal pattern and condylar position (Burke at el., 1998). 

Skeletal disorders play a significant role in orthodontic diagnosis, treatment, and 

prognosis. Because the condyle is the primary location of mandible growth, various 

changes occur in the condyle during the remodelling process for mandible development. 

As a result, the size of the condyle influences the final dimensions of the mandible. The 

relationship between the mandibular and maxillary arches is also affected by the size of 

the condyle.  

As a result, the size of the condyle is critical in orthodontic diagnosis, treatment 

planning, and prognosis (Vitral et al., 2002). Bjork has demonstrated variation in growth 

intensity from year to year in untreated subjects, he did not specifically relate it to any 

type of occlusion. As a result, our study's goal of examining the co-relationship of 

condylar morphology with different mandibular divergence, clinically asymptomatic for 

TMJ pain and dysfunction justifies the necessity to quantify this influence. With the 

passage of time and the advancement of technology, newer imaging techniques for 

evaluating and visualizing hard tissues and their development patterns have emerged.  

Thus, with so many options accessible, deciding on the best one has always been 

difficult.  Markic et al., (2014) investigated various 2D and 3D imaging modalities to 

assess the length of the mandibular ramus and the condylar process and discovered that 

all 3D imaging processes produced virtually comparable results when used to measure 

condylar height and ramus height. They propose MRI since it does not use ionizing 

radiation. CBCT is a powerful tool for TMD diagnosis (Naeije et al., 2013; Ikeda K et 
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al., 2009; Shahidi et al., 2009). CBCT scans provide multiplanar images of the condyle 

and surrounding structures and can be three-dimensional reconstructed, allowing analysis 

of TMJ morphology, position, and dynamics. (Dalili et al., 2012; Ahn et al., 2006; Yang 

et al., 2012). The cone beam computed tomography can provide high-resolution images, 

short scanning time and reduced radiation dose, 10 to 15 times lower than that of the 

medical CT scans. (Scafe et al., 2006). The CBCT software also allows for accurate size 

digital measurements of the orofacial structures, making it easier to interpret the received 

data.  

In this investigation, CBCT has been used, which has been shown to be the current 

gold standard for assessing orofacial features because it produces a more reliable 3D 

image with less radiation exposure. Because the sample comprises data from patients who 

were referred to the department for orthodontic treatment, the CBCT was included as part 

of the usual pre-treatment record. There was no additional radiation exposure to the 

patient in order to collect data for our investigation. The literature also discloses several 

approaches for assessing condylar height in various imaging techniques. 

Fuentes and colleagues (2001) investigated the dependability of Habet's technique 

and Kjellberg's technique (Kjellberg et al., 1994) for recording condylar height in an 

orthopantomogram and discovered that both methods provide acceptable clinical 

information within the limitations of these techniques for obtaining data on condylar 

symmetries. Kjellberg's technique for determining condylar height was also used by 

Goran Markic (Markic et al., 2014) and colleagues in their study to compare various 

imaging modalities, and the same was used in our study, which describes condylar height 

as measured between the most cranial point of the condyle and the most caudal point of 

the incisura mandibulae. 
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Ricketts and colleagues (1979) examined condylar axis angulation in connection 

to the mandibular body axis in their investigation, whereas the current study correlates 

the condylar axis to the FH plane in the sagittal plane.  

Mishra et al., (2017) assessed the condylar position in skeletal class I and III 

growing individuals using the condylar head axis in axial view with respect to the mid-

sagittal plane in their CBCT-based study. However, the current study considers the 

condylar axis in the sagittal plane with respect to the horizontal reference plane, i.e. the 

FH plane. 

The study by Andhare et al., (2019) found a significant relationship between 

condylar height and facial type, with condylar height being greater in hyperdivergent 

types compared to normo and hypodivergent types, and condylar axis angulation being 

greater in hypodivergent types compared to normo and hyperdivergent types but the study 

however, fails to establish a significant gender co-relation, which contradicts the findings 

of Jyothsna et al., (2017) in their study of determining gender using condylar height, 

which stipulate higher values of condylar height in males.  

Extensive literature searches yielded no equivalent study by other authors that 

would co-relate facial patterns with condylar morphology in the North Karnataka 

population, making our attempt a trailblazer in this area. 
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STUDY DESIGN: 

This is a cross-sectional study in which 90 subjects were selected and divided into 3 

groups of 30 each namely Hypodivergent, Normodivergent and Hyperdivergent based on 

Frankforts mandibular plane angle. 

The subjects for the study were the patients who had reported to the SDM college 

of dental sciences and hospital, Dharwad, Karnataka for their orthodontic needs. The 

approval from the institutional review board was taken and the patients were subjected to 

CBCT after taking patient consent for the study. 

After meeting the inclusion and exclusion criteria, the patients were subjected to 

the lateral cephalogram and CBCT of the condyle under standard resolution and FOV of 

8X8 with the teeth in maximum intercuspation. 

 The DICOM format of the images were taken and analysed using the Carestream 

imaging software. 

 Ten anatomical landmarks were identified in coronal and sagittal sections. 

 In coronal slicing, the width of the condyle was measured according to the 

technique suggested by Stringert, Worms (1986) and Burke et al., (1998).  

 The length of the condyle was measured in the custom slicing.  

 The height of the condyle is measured by the technique suggested by Kjellberg et 

al., (1994). 

 The height of the fossa, the anterior, superior and posterior joint spaces in 

millimetres were being measured.  

 Condylar axis angulation in the anteroposterior direction was measured in 

degrees. 

 The parameters were statistically evaluated and correlated within and between the 

groups. 
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INTERPRETATION OF THE RESULTS: 

Table 1 shows the distribution of age and gender among the three groups. Tables 2 to 7 

shows the illustration of the distribution of means among the three groups. The one-way 

analysis of variance (ANOVA) is used to determine whether there are any statistically 

significant differences between the means of the three groups which is illustrated in 

Tables 8 to 11.  

Table 1 shows the distribution of age and gender among three groups, Group-1: 

Hypodivergent, Group-2: Normodivergent and Group-3: Hyperdivergent. The mean age 

of the individuals in group 1 is 22.5. The total number of individuals in Group 1 is 30 

with 25 female participants and 5 male participants. The mean age of the subjects in the 

Normodivergent group was 22.5 with 20 female and 10 male participants with a total 

number of thirty individuals. The mean age of the subjects in the Group 3 was 22.5 with 

21 female and 9 male subjects respectively. 

Table 2 shows the illustration of the condylar width among three groups 

distributed at 95% CI. Group 1- Hypodivergent, the range of the values of the condylar 

width is from 16.9mm to 19.55 mm with an average condylar width of 18.23 mm. In the 

Normodivergent group, the range of the condylar width is from 14.55mm to 17.35 mm 

with an average of 15.94 mm whereas in the hyperdivergent group, the range of the 

condylar widths is from 12.16 to 14.48 mm with an average of 13.32mm respectively. 

The comparison of the means of the groups shows a statistically significant value in the 

hypodivergent group as illustrated in Table 8.  

Table 3 shows an illustration of the condylar length among three groups, 

distributed at 95%CI. Group 1-Hypodivergent, the range of values for the condylar length 

is from 5.10mm to 6.22 mm with an average of 5.6 mm. In Normodivergent group the 

range of values was from 5.56mm to 7.74mm with an average of 6.65mm whereas in the 
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Hyperdivergent group, the range of values is from 5.46 mm to 6.39 mm with an average 

of 5.9mm respectively which was statistically insignificant 

Table 4 shows the illustration of the Condylar height among three groups, 

distributed at 95% CI. Group 1- Hypodivergent, the range of the values is from 24.83 mm 

to 29.71 mm with an average of 27.27 mm. In the Normodivergent group, the range of 

values is from the 21.05 mm to 25.74 mm with an average of 23.39 mm. In the 

Hyperdivergent group the range of values is from 17.60 mm to 21.23 mm with an average 

of 19.14 mm. The comparison of the means of the three groups shows statistically 

significant values as illustrated in Table 9. 

Table 5 shows the illustration of the Height of the Condylar fossa. The means of 

the three groups, distributed at 95%CI were 7.106 mm, 7.108 mm and 7.56 mm, 

respectively. Though there were differences in the means of the feights of the fossa, the 

values were not significant statistically. 

Table 6 shows the illustration of the condylar Axis angulation in three groups with 

a 95% confidence interval of the mean. Group 1- Hypodivergent, the range of values were 

from 62.40 mm to 67.75 mm with an average of 65.07 mm respectively. Group 2- 

Normodivergent shows a range of values from 58.06 mm to 63.08 mm with an average 

of 60.57 mm, respectively and Group 3- Hyperdivergent the range of values from 52.34 

mm to 57.79 mm with an average of 55.06 mm respectively. The comparison of the means 

of the three groups showed a statistically significant value in the Hypodivergent group as 

shown in Table 10. 

Table 7 shows the illustration of Condyle to joint spaces in three groups with a 

95% confidence interval of the mean. The average values for Group 1 in anterior, superior 

and posterior joint spaces are 2.03 mm,4.25 mm and 2.55 mm, respectively. In Group 2 

mean values for anterior, superior and posterior joint spaces are 2.01 mm, 3.04 mm and 
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3.04 mm, respectively. In group 3 mean values for anterior, superior and posterior joint 

spaces are 1.99 mm, 3.11 mm and 2.66 mm, respectively. The comparison of means of 

the superior joint space in the three groups shows statistically significant values as 

described in Table 11. 

 

According to the findings of this study,  

1. Hypodivergent individuals have greater condylar width than Normo and 

Hyperdivergent individuals. 

2. Normodivergent individuals have greater condylar length compared to hypo and 

hyperdivergent types but values were not significant statistically. 

3. Hypodivergent individuals have greater condylar height than normo and 

hyperdivergent individuals.  

4. There was no statistically significant difference in the height of the mandibular 

fossa although hyperdivergent group showed higher values. 

5. Condylar axis angulation was found to be greater in hypodivergent than normo 

and hypodivergent growth patterns. 

6. On comparison of the condyle to joint spaces, the superior joint space was found 

to be greater in hypodivergent than Normo and hyperdivergent growth patterns.   

7. No statistically significant difference was found with respect to gender in 

Condylar size and Condylar axis angulation. 

 

In this study, the size of the condyle was compared in different vertical skeletal 

conditions using CBCT while accounting for sex differences. It was discovered that the 

height and width of the condyle vary significantly in different vertical skeletal patterns 

while the size of the condyle had no difference in females compared to males. However, 



 - 47 - 

there was no significant relationship between condyle length and different vertical 

conditions. 

Another study by Andhare et al., (2019) which was done on the mixed Indian 

population concluded that condylar height is greater in hyperdivergent facial types 

compared to normo and hypodivergent types, and condylar axis angulation is greater in 

hypodivergent type compared to normo and hyperdivergent types. The results of this 

study were not similar to our studies which were done exclusively on the Karnataka 

population. The reason for such contrasting results may be the variation in the 

geographical conditions in which these studies were conducted. 

This was the first study on the South Indian population to look at the relationship 

between condyle size and various vertical skeletal conditions. 

Another novel aspect of this study was the use of CBCT to determine the size of 

the condyle. It has been discovered that traditional radiographs used in orthodontic 

treatment, such as lateral cephalograms and orthopantomography, are ineffective and are 

primarily two-dimensional images. Because the condyle is a three-dimensional structure, 

conventional methods for determining condyle size are insufficient (Hilges et al 2005; 

Oliveira et al., 2020). 

CBCT, on the other hand, is three-dimensional imaging with greater detail. As a 

result, CBCT is a superior imaging technique for determining the size of the condyle. 

Furthermore, unlike other conventional radiographic techniques such as lateral 

cephalograms and orthopantomograms, CBCT does not exhibit image magnification or 

image distortion.  

CBCT produces high-resolution images with high measurement accuracy 

(Katsavrias et al., 2006). 
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As a result, in this study, CBCT was used for radiographic analysis. In this study, 

the length, width, and height of the condyle were measured. This method has previously 

been used in several studies involving Asian populations (Rodrigus et al., 2009). 

 

COMPARISON WITH THE OTHER STUDIES: 

Andrew et al. measured and compared the amount of condylar movement from the 

upward and forward position (joint-dominated) to the intercuspal position (tooth 

dominated) in two matched samples of subjects with hyperdivergent and hypodivergent 

facial types. The hyperdivergent group was expected to have greater condylar 

displacement than the hypodivergent group. This study found that the hyperdivergent 

group had significantly more condylar distraction in all three dimensions similar to our 

studies. 

 

1. The results of the present study are also consistent with the study done in Japan 

(Cohlmia et al., 1996) to compare the size of the condyle among different vertical 

and anteroposterior skeletal conditions with the help of CBCT. It was found that 

the width of the condyle was greatest in hypodivergent and least in hyperdivergent 

group similar to our studies. 

 

2. Tubarao (2014) concluded that the hyperdivergent patients show higher condylar 

translation in both condyles when compared with hypodivergent patients similar 

to our studies. 

 

3. A study by Park et al., (2015) has concluded that patients with a hyperdivergent 

skeletal pattern have smaller and higher-positioned condyles than those with a 
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hypodivergent skeletal pattern similar to our studies. As a result, condylar position 

and morphology differ depending on vertical facial morphology. During 

orthodontic treatment, this relationship should be considered when predicting and 

treating TMDs. 

 

4. The current study's findings are consistent with the CBCT study by Jyotirmay et 

al., (2021) who discovered that the length of the condyle was identical in varied 

anteroposterior and vertical locations with no significant variation. 

 

 The width and height of the condyle were greatest in class III anteroposterior 

condition and   lowest in class I condition in the above-stated study 

 

 Condyle width and height are greatest in hypodivergent conditions and lowest 

in hyperdivergent conditions similar to our studies. 

 

CLINICAL IMPLICATIONS OF THE STUDY: 

1. The correlation between the size of the condyle and different vertical skeletal 

conditions was evaluated in this study, and it was discovered that the width and 

height of the condyle vary depending on the skeletal condition.  

The clinical implications of this study can be explained by the fact that the width 

and height of the condyle vary depending on vertical skeletal conditions. Therefore, it is 

critical to identify such variations as well as abnormalities, particularly during 

orthodontic treatment and orthognathic surgery. 
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2. TMDs are common in patients who require orthodontic treatment. As a result, 

orthodontic treatment should aim to normalise condylar position as well as correct 

tooth alignment and occlusal relationships.  

Treatment outcomes would be improved if condylar morphology and position, as   well 

as the centric relationship, were taken into account during treatment planning. 

 

LIMITATIONS OF THE STUDY: 

One of the study's limitations with the use of CBCT resulted in high radiation exposure. 

Furthermore, due to the high cost of the CBCT examination, the number of study 

participants included in this study was limited. The study couldn’t correlate the condylar 

length with the vertical skeletal growth pattern. The height of the fossa was found to be 

more in hyperdivergent growth patterns but was not significant statistically and the study 

couldn’t find any relation with the condylar size and gender.  

Our study did not take the transverse dimension into consideration.   Asymmetric 

patients are found to have greater variations in condylar characteristics between them as 

stated by previous studies. 

It is therefore recommended that similar studies with a larger sample size be conducted 

for more realistic results to determine the co-relationship of condylar height with different 

facial types and gender allowing the clinician to ascertain the correct diagnosis with 

expected growth pattern to anticipate the probable treatment outcome in order to obtain 

a stable desired result. 
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7. CONCLUSION 

The magnitude and direction of condylar growth may influence the magnitude and 

direction of the mandible and orofacial structures and may be a critical factor in the 

development of dentofacial asymmetries and malformation.  

The assessment of condylar morphology can provide information about the 

developing facial type and potential malformations as the height and width of the condyle 

vary considerably in different vertical skeletal patterns.  

Thus, it can be concluded from this study that the hypodivergent individuals have 

condyles which are larger in size and larger condylar axis angles whereas hyperdivergent 

individuals have more superiorly positioned condyles. During orthodontic treatment, this 

relationship should be considered when predicting and treating Temporomandibular Joint 

Disorders. 
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8. SUMMARY 

Condylar position and morphology are important features for temporomandibular joint 

(TMJ)-oriented orthodontic treatment planning. Orthodontic diagnosis, treatment, and 

therapeutic responses are also dependent on the skeletal pattern. The shape of the condyle 

and mandibular fossa has been reported to differ according to the type of malocclusion. 

The vertical facial pattern is known to influence the maximum occlusal force and 

masticatory muscle activities. Different loading patterns would result in different 

morphology of the TMJ. Therefore, dental practitioners need to consider the morphology 

and position of the condyle throughout the whole treatment process. Knowledge of the 

difference in the shape and size of the condyle and its remodelling pattern is still not clear, 

and its relationship with various facial types and development patterns is still not clear. 

No published research has defined the morphology of the mandibular condyle, and 

correlations in the Karnataka population. The current study aimed to assess the variation 

in condylar morphology in different vertical facial patterns of the North Karnataka 

population. 

The study consisted of 90 subjects divided into 3 groups of 30 each namely 

Hypodivergent, Normodivergent and Hyperdivergent based on Frankfort mandibular 

plane angle. After meeting the inclusion and exclusion criteria, the patients were 

subjected to the lateral cephalogram and CBCT of the condyle under standard resolution 

and FOV of 8X8 with the teeth in maximum intercuspation. The DICOM format of the 

images was taken and analysed using the Carestream imaging software. Ten anatomical 

landmarks were identified in coronal and sagittal sections. The width of the condyle, 

length and height of the condyle was measured in millimetres. Apart from that the height 

of the fossa, and the anterior, superior and posterior joint spaces in millimetres were 
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measured. Condylar axis angulation was also measured in degrees. The parameters were 

statistically evaluated and correlated within and between the groups. 

The results showed that the hypodivergent group showed an increase in mean 

values with respect to condylar width and height and Axis angulation which were 

statistically significant. The mean values for condyle to joint spaces showed a statistically 

significant difference between the groups. This research concludes that hypodivergent 

individuals have greater condylar width, height and condylar axis angulation and 

hyperdivergent individuals have smaller and highly placed condyle in the mandibular 

fossa. 
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10. ANNEXURES 

ANNEXURE-1 

ETHICAL CLEARANCE 
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ANNEXURE-2 

INFORMED CONSENT 

I hereby authorize Dr. SHRUTI PATIL to perform clinical/ laboratory/ other 

applicable investigations/ procedures upon me, with regard to the proposed 

scientific research, “Assessment of Condylar Morphology in Different Facial 

Patterns: A CBCT Study” undertaken by her. 

I have been informed about: 

● The identity of the research team members & their responsibilities. 

● The aims and methods of the proposed research. 

● The purpose of the proposed research is - To assess any change in the 

morphology of condyle in various vertical growth patterns 

● The fact that there may be no tangible benefits to myself after having 

undergone a radiographic examination. 

● The benefits of this research adding to the existing scientific knowledge in 

this field that might reasonably be expected as an outcome of the proposed 

research without having a direct benefit to me. 

● Any foreseeable extent of information on possible current and future uses of 

the data generated from the proposed research is likely to be used for 

secondary purposes or would be shared with others, maintaining 

confidentiality. 

If any unforeseen condition should arise during the course of the research, calling 

for judgment or for procedures in addition to or different from those now 

contemplated, I further request and authorize the investigator(s) to do whatever may 

be deemed advisable. 
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Further, I have been informed of methods of treatment for my orthodontic 

condition, if any required. 

I consent to photographs of my oral and facial structures and their publication for 

educational and scientific purposes. 

I have volunteered with the freedom to participate and to withdraw from the 

proposed research at any time without penalty or loss of benefits. 

I further understand that the proposed research may have no direct tangible benefits 

to me, and the results of the research may/ will further scientific knowledge for the 

betterment of the general population. 

I have not travelled interstate or abroad or come in contact with a person who may 

have been positive for COVID-19 virus. I have no history of cough, sore throat or 

breathlessness in the last 2 weeks and in case any of the above symptoms arise 

within 2 weeks of sample collection, I will duly get myself tested for the same.  

I certify that I have had an opportunity to read and fully understand the terms 

and words within the above-informed consent and explanation referred to or 

made before I signed.  

Note: If I do not understand the English language, this informed consent was 

made aware to me in the language of my choice. 

 

Name and Signature of Principal Investigator (PI): 

Dr. Shruti Patil  

Name and Signature of Volunteer/Patient: 

 

Name and Signature of Witness: 
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ANNEXURE-3 

PROFORMA PROTOTYPE 

Case 
gen

der  

A

GE  

CO.WI

DTH 

(mm) 

CO.HEI

GHT 

(mm) 

CO.LEN

GTH 

(mm) 

FOSAA(

mm) 

CO.A

XIS 

(degre

es) 

A.FO

SSA 

(mm) 

S.FO

SSA 

(mm) 

P.FO

SSA 

(mm) 

1                     

2                     

3                     

4                     

5                     

6                     

7                     

8                     

9                     

10                     

11                     

12                     

13                     

14                     

15                     

16                     

17                     

18                     

19                     

20                     

21                     

22                     

23                     

24                     

25                     

26                     

27                     

28                     

29                     

30                     
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MASTER CHART 

Condylar measurement values in hypodivergent group. 

Hypodive

rgent 

gen

der  

A

GE  

CO.WI

DTH 

(mm) 

CO.HEI

GHT 

(mm) 

CO.LEN

GTH 

(mm) 

FOS

AA 

(mm

) 

CO.A

XIS 

(degre

es) 

A.FO

SSA 

(mm) 

S.FO

SSA 

(mm) 

P.FO

SSA 

(mm) 

1 2 18 20.37 27.51 7.34 
10.1

8 
67.38 2.24 4.34 2.59 

2 2 20 22.37 18.44 8.37 6.83 76.26 2.56 5.14 4.22 

3 1 19 7.82 18 3.1 4.8 60.56 1.01 5 1.07 

4 2 21 21.5 25.2 8.3 8.3 66.3 2.9 4.3 4.9 

5 2 24 15.4 24.68 3.24 5.39 50.68 2.1 4.14 3.57 

6 1 26 22 15.3 3.13 7.62 61 2.48 2.08 1.18 

7 2 19 24 15.31 4.11 1 60.38 0.24 5.5 0.44 

8 1 22 22 16.69 6.15 
9.91

8 
52.45 0.56 5.5 1.49 

9 2 23 17.14 23.27 5.8 8.47 62.13 2.92 5 3.17 

10 1 18 15.61 28.17 5.02 7.64 60.11 2.82 3.29 3.79 

11 1 20 18.4 27.1 6.11 6.85 71.47 2.24 3.77 3.39 

12 2 19 13.24 36.53 7.62 9.25 64.11 3 4.06 4.6 

13 2 23 19 15.12 5.4 6.28 73.19 1.7 5.5 1.4 

14 1 24 23 28.5 7.1 10.4 60 1.9 5.6 5.1 

15 1 19 24 22.17 5.4 9.29 68.73 1.77 4.5 2.61 

16 2 22 26 27.74 5.51 5.49 72.48 3.09 4.5 1.63 

17 1 21 18 27.24 4.38 6.7 75.19 1.8 3.2 2.04 

18 2 22 15 12.79 4.06 5.47 63.19 1 4.5 1.41 

19 2 23 15 17.12 7.8 8.1 62.92 1.35 3.41 1.54 

20 2 24 18 29 5.59 4.5 55.3 2.1 2.53 3.06 

21 2 19 18 12.85 5.28 5.98 59.88 3.5 3.2 2.9 

22 1 21 20 21.28 6.8 7.54 62.7 2.59 2.64 1.84 

23 2 23 14.36 23.76 5.7 5.4 64.3 1.5 4.5 3.6 

24 1 24 15.4 16.69 6.15 
9.91

8 
52.45 0.56 4.5 1.49 

25 2 21 17.14 23.27 5.8 8.47 62.13 2.92 5.5 3.17 

26 1 23 15.61 28.17 5.02 7.64 60.11 2.82 3.29 3.79 

27 2 20 15.7 27.74 5.51 5.49 72.48 3.09 6 1.63 

28 1 19 13.61 27.24 4.38 6.7 75.19 1.8 3.2 2.04 

29 2 18 15.5 12.79 4.06 5.47 63.19 1 4.5 1.41 

30 2 21 13.74 17.12 7.8 8.1 50 1.35 4.5 1.54 

 

 

 

 



 - 66 - 

Condylar measurement values in hyperdivergent group. 

Hyperdiv

ergent 

gen

der  

A

GE  

CO.WI

DTH 

(mm) 

CO.HEI

GHT 

(mm) 

CO.LEN

GTH 

(mm) 

FOS

AA 

(mm

) 

CO.A

XIS 

(degre

es) 

A.FO

SSA 

(mm) 

S.FO

SSA 

(mm) 

P.FO

SSA 

(mm) 

1 1 19 20.78 34 6.8 10.7 65.4 2.24 4.32 3.44 

2 1 18 15.41 23.49 7.04 6.19 60 2.1 3.28 3.6 

3 1 25 16.51 19.8 6.96 5.46 60 1.15 3.42 2.78 

4 2 21 14.24 17.44 6.39 6.35 50 3.1 5.5 2.51 

5 1 20 12.78 12.82 6.01 5.01 50 1.5 4.5 2 

6 2 18 13.38 14.22 4.61 7.05 64.15 2.44 3.5 2.43 

7 2 20 13.2 30.61 7.08 7.7 55 2.3 3 3.3 

8 2 25 17.6 23.27 5.83 8.36 45 1.39 2.71 1.36 

9 2 27 9.37 33.8 4.57 
10.6

4 
54 1.6 2.4 3.8 

10 1 22 13.05 35 5.32 5.53 50 2.39 4.24 3.51 

11 2 19 13.51 26.43 3.64 
10.0

2 
50 1.95 2.82 2.33 

12 2 20 9.67 30.89 2.93 4.04 60 1.23 1.75 2.24 

13 2 28 21.53 37.78 7.01 9.07 55 3.76 5.21 4.09 

14 2 21 17.62 34.46 6.3 7.46 52 2.12 3.02 4.3 

15 2 24 14.82 22.57 7.19 6.12 50 3 4.03 3.8 

16 2 25 14.18 25.2 6.5 
10.4

4 
54 0.11 0.1 0.14 

17 2 18 10.89 18.3 5.29 
11.6

6 
55 1.57 2.76 1.7 

18 1 19 13.32 18.9 5.83 9.09 55 2.1 1.89 1.75 

19 2 20 18.93 27.43 7.5 8.66 50 1.13 2.77 1.87 

20 2 18 18.6 21.5 5.4 8 50 2.8 3.5 3.2 

21 2 21 17.6 23.27 5.83 8.36 51.33 1.39 2.71 1.36 

22 1 20 16.51 19.8 6.96 5.46 65.98 1.15 3.42 2.78 

23 2 22 14.24 17.44 6.39 6.35 57 3.1 2.33 2.51 

24 1 23 12.78 12.82 6.01 5.01 59 1.5 2.8 2 

25 2 24 13.38 14.22 4.61 7.05 64.15 2.44 3.5 2.43 

26 2 26 9.67 30.89 2.93 4.04 76.82 1.23 1.75 2.24 

27 2 28 21.53 37.78 7.01 9.07 69 3.76 5.21 4.09 

28 2 27 17.62 34.46 6.3 7.46 59.3 2.12 3.02 4.3 

29 2 20 14.82 22.57 7.19 6.12 58.47 3 4.03 3.8 

30 2 19 14.18 25.2 6.5 
10.4

4 
64 0.11 0.1 0.14 
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Condylar measurement values in normodivergent group. 

Normodiv

ergent 

gen

der  

A

GE  

CO.WI

DTH 

(mm) 

CO.HEI

GHT 

(mm) 

CO.LEN

GTH 

(mm) 

FOS

AA 

(mm

) 

CO.A

XIS 

(degre

es) 

A.FO

SSA 

(mm) 

S.FO

SSA 

(mm) 

P.FO

SSA 

(mm) 

1 1 27 17.39 23.88 8 8.48 70 1.8 2.22 2.11 

2 2 21 11.5 16.6 4.3 6.7 69 2.4 2.5 3.7 

3 2 22 16.46 28.89 5.12 12.8 55.17 3.04 2.5 3.52 

4 2 19 13.8 14 5.04 5 74 1.8 2.3 1.7 

5 1 24 14.54 24.6 7.07 8 53.91 1.47 3.02 2.32 

6 1 23 20.3 27.5 14.5 8 69 2.4 2.5 3.7 

7 1 21 16.3 18.6 6.3 9.7 62 2.6 6.4 7.9 

8 2 19 11.99 32.92 6.67 
9.50

2 
64 2.17 2.78 2.44 

9 2 18 10.38 14.26 5 4.58 55 1.6 3.7 2.83 

10 2 20 19.8 33.93 7.33 7.93 44.5 1.82 4.23 3.3 

11 1 27 16.39 24.38 7.11 7.46 58.23 1.33 2.4 2.49 

12 2 18 14.83 26.17 4.41 7.52 55.95 3.14 3.26 2.55 

13 2 20 8.31 15 4 
3.69

8 
56.15 1 2.18 1.7 

14 2 21 13.9 20.21 5.68 6.44 55.95 3.88 2.23 3.74 

15 2 27 8.49 8.29 4.5 3.05 65.49 1.3 1.7 1.56 

16 2 26 10.17 14.14 3.93 3.82 60.89 1.5 1.35 1.1 

17 2 23 12.37 25.58 7.33 4.5 59.95 1.66 3.56 1.8 

18 1 21 9.401 21 4.46 4.8 54.2 1.7 2.2 2.2 

19 1 19 14 17.1 4.3 5.88 72 1.8 2.08 1.8 

20 2 27 10 14 4 3.4 70 1 2 1 

21 2 25 11 16 6.5 7 65 2.1 3 2.2 

22 1 26 14.54 24.6 7.07 8 53.91 1.47 3.02 2.32 

23 1 24 20.3 27.5 14.5 8 69 2.4 2.5 3.7 

24 1 21 16.3 18.6 6.3 9.7 62 2.6 6.4 7.9 

25 2 23 11.99 32.92 6.67 
9.50

2 
64 2.17 2.78 2.44 

26 1 20 14.54 24.6 7.07 8 53.91 1.47 3.02 2.32 

27 1 19 20.3 27.5 14.5 8 69 2.4 2.5 3.7 

28 1 18 16.3 18.6 6.3 9.7 62 2.6 6.4 7.9 

29 2 22 11.99 32.92 6.67 
9.50

2 
64 2.17 2.78 2.44 

30 2 21 10.38 14.26 5 4.58 73.6 1.6 3.7 2.83 
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ANNEXURE-4 

 

Carestream CBCT machine with patient in position. 
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