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Ab s t r ac t
Aim: Evaluation of size of the condyle in various vertical and anteroposterior skeletal conditions with the help of cone-beam computed 
tomography (CBCT).
Methods and materials: In this study, 266 study participants were included consisting of 112 males and 144 females. The study 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°. The 
study participants were categorized as hypodivergent when the mandibular plane (MP) ≤ 23°, normodivergent when 23° < MP < 30°, and 
hyperdivergent when MP ≥ 30°. CBCT images were obtained for each subject and measurement of length, width, and height of the condyle 
was carried out. The data were collected and analysis of covariance test (ANCOVA) was used for statistical analysis. Statistical significance was 
adjusted at p ≤ 0.05.
Results: The size of the condyle was smaller in females. The length of the condyle was similar in different anteroposterior and vertical positions 
with no significant difference. The width of the condyle and the height of the condyle were greatest in class III anteroposterior condition while 
they were lowest in class I condition. The width and height of the condyle were greatest in hypodivergent condition while they were lowest 
in hyperdivergent condition.
Conclusion: It was concluded that the height and width of the condyle vary considerably in different vertical and anteroposterior skeletal 
patterns and the size of the condyle was smaller in women as compared with men.
Clinical significance: The position of the condyle and its morphology are important features that constitute an important part of orthodontic 
treatment planning. The skeletal pattern of the patient has also an important effect on the diagnosis, planning of treatment, and prognosis in 
the orthodontic treatment.
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In t r o d u c t i o n
The position and morphology of the condyle are an important 
part of orthodontic treatment planning. It has been found that the 
skeletal pattern has an important effect on the diagnosis, planning of 
treatment, and prognosis in orthodontic treatment.1 Several studies 
have shown that there is a significant relationship between the type of 
malocclusion and the shape of the mandibular fossa and the condyle. 
The maximum amount of occlusal force and activities of muscles of 
mastication are also affected by the vertical condition of the face 
and anteroposterior skeletal condition of the face. The prevalence of 
internal disc derangement was higher in the study participants where 
the vertical condition is hyperdivergent in nature.2 In previous studies 
conducted utilizing lateral cephalograms and computed tomography, 
it has been observed that there is a significant relationship between 
the shape of the condyle and anteroposterior skeletal conditions. It 
has been also observed that the condyle is more anteriorly positioned 
in study participants having skeletal class III malocclusion.3 A study 
conducted in past by Rodrigues et al. has shown that anteroposterior 
position and size of the condyle are significantly related in class III 
skeletal malocclusion while such a significant relationship is not 
observed in skeletal class II and class I malocclusion.4
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For proper planning of orthodontic treatment proper analysis 
of disorders of the temporomandibular joint (TMJ) is very necessary. 
But this is a complicated process and requires detailed clinical 
and proper radiographic evaluation as the structure of the TMJ is 
very complex. Three-dimensional radiographic imaging like cone-
beam computed tomography (CBCT) gives good radiographic 
details about TMJ. It is believed worldwide that CBCT provides 
radiographic images with high resolution.5 The proper diagnosis 
of temporomandibular joint dysfunction (TMDs) is also necessary 
for a better quality of life in patients undergoing fixed orthodontic 
treatment.6

The condyle is the main site for the growth of the mandible. 
It undergoes several changes during the remodeling process. 
It plays an important role in the final dimension of the adult 
mandible. Therefore, the size of the condyle affects the final size 
of the mandible and the relationship between the mandibular and 
maxillary arch. In this way, the size of the condyle is an important 
factor in orthodontic diagnosis, treatment, and prognosis.7 
Anteroposterior and vertical skeletal conditions are also important 
factors in orthodontic diagnosis, treatment, and prognosis. Very few 
studies have been conducted to evaluate the correlation between 
the size of the condyle and various anteroposterior and vertical 
skeletal conditions of the face. Therefore, this study was carried 
out to evaluate the correlation between the size of the condyle and 
different vertical and anteroposterior skeletal conditions among 
adult study participants with the help of CBCT.

Me t h o d s a n d Mat e r ia  l s
The study was carried out at the Department of Orthodontics, 
Patna Dental College and Hospital, Patna. In this study, 266 
study participants were included consisting of 112 males and 144 
females. The patients in the age group 18–26 years were included 
in this study. Clearance was obtained from the ethical committee 
and written informed consent was obtained from all the study 
participants who participated in the study. The study participants 
with a history of systemic disease, congenital disease, previous 
orthodontic treatment, and head and neck surgery were excluded 
from the study. Besides the study participants with clinical features 
of temporomandibular diseases like a clicking sounds at the TMJ 
region, reduced mouth opening, and pain at the TMJ regions 
were also excluded from the study. Those study participants who 
were found to have anatomical abnormalities of the condyle like 
flattening of the condyle, agenesis of the condyle, osteophytes, 
etc. were also excluded from the study. CBCT imaging and lateral 
cephalogram of all the study participants who were included in 
the study was carried out. All the measurements for the size of the 
condyle were carried out by one observer who was completely 
unaware of the study design. Evaluation of lateral cephalogram of 
each subject was carried out. The study participants were classified 
into different anteroposterior conditions like class I condition, class 
II condition, and class III condition based on ANB angle (A point–
nasion–B point angle). The study participants were categorized as 
class I when the condition was −1°≤ ANB < 4°. The study participants 
were categorized into class II condition when the condition was 
ANB ≥ 4° while the study participants were categorized in class III 
condition when ANB < −1°.8

Study participants were classified into different vertical 
conditions like hypodivergent, normodivergent, and hyperdivergent 
based on MP (mandibular plane angle) evaluated on the lateral 
cephalogram. The study participants were categorized as 

hypodivergent when the condition was MP  ≤  23°. The study 
participants were categorized as normodivergent when the 
condition was 23°<  MP  <  30°. The study participants were 
categorized as hypodivergent when the condition was MP ≥ 30°.8

CBCT scan images were obtained for all the study participants 
included in the study. The CBCT machine (Vatech 3D, Korea) was 
the same for conducting the entire CBCT scan. The settings were 
adjusted as per the manufacturer’s instructions. Field of view 
(FOV) was adjusted at 10 × 10 cm2, kV was adjusted at 85, mA was 
adjusted at 4, and rotation was adjusted at 360°. It was taken care 
that while obtaining a CBCT scan image, patients were in sitting 
position and were static in position so that their Frankfort plane 
was parallel with the ground.

The methods used for measurements of the size of the condyle 
on both right and left sides were that elaborated by Stringert 
and Worms and Burke et al.9,10 In this method certain anatomical 
landmarks were demarcated on the CBCT images and then the 
distances between these anatomical landmarks were measured 
to evaluate length, width, and the height of the condyle. For 
determination of the length of the condyle, the landmarks were 
SCo, ACo, and PCo in the sagittal section. SCo was the point at the 
superior most position of the condyle. ACo was the point on the 
anterior surface of the condyle 4 mm below SCo on the front side. 
PCo was the point at the posterior surface of the condyle 4 mm 
below the SCo. A line was drawn to connect the ACo and PCo. The 
measurement of this line gave the length of the condyle (Fig. 1). For 
measurement of the height of the condyle, a tangent was drawn 
through the inferior most point of the sigmoid notch in the sagittal 
section of CBCT. This tangent was drawn parallel with the horizontal 
line. The intersection point between this tangent and posterior 
border of ramus was demarcated. A line was drawn connecting 
this intersection point with the SCo. The measurement of this line 
gave the height of the condyle (Fig. 2). For measurement of the 
width of the condyle, the landmarks demarcated were MCo and 
LCo. MCo was the mandible pole on the medial side while LCo was 
the mandible pole on the lateral side. Both these landmarks were 
demarcated in the coronal section of CBCT showing the maximum 
dimension of the mandible. A line was drawn to connect the MCo 
and LCo. The measurement of this line gave the width of the condyle 
in the coronal plane (Fig. 3). The condylar length, height, and width 
were measured using CBCT images by one investigator.

Fig. 1: CBCT image showing measurement of the length of the condyle
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ANCOVA test, i.e., analysis of covariance was used for statistical 
analysis. SPSS Statistics Version 23 (IBM Corporation) was used for 
carrying out all statistical analyses. Statistical significance adjusted 
at p ≤ 0.05.

Re s u lts
The mean age of male study participants was 23.2 years while the mean 
age of female study participants was 23.1 years. The study participants 
with class I condition were 37 males and 48 females. The study 
participants in the class II condition were 38 males and 50 females while 
the study participants in the class III condition were 37 males and 46 
females. The study participants in the hypodivergent condition were 
36 males and 50 females. The study participants in normodivergent 

Fig. 2: CBCT image showing measurement of the height of the condyle
Fig. 3: CBCT image showing measurement of the width of the condyle

Table 1: Evaluation of size of the condyle in males and females

Males Females

p-value*Mean value (mm) ± SE Mean value (mm) ± SE
Length of condyle in left direction 8.43 ± 0.124 7.33 ± 0.121 0.02
Length of condyle in right direction 8.34 ± 0.123 7.23 ± 0.132 0.03
Width of condyle in left direction 16.72 ± 0.121 15.31 ± 0.119 0.03
Width of condyle in right direction 16.34 ± 0.110 15.21 ± 0.163 0.02
Height of condyle in left direction 20.21 ± 0.108 19.34 ± 0.111 0.03
Height of condyle in right direction 20.43 ± 0.127 19.42 ± 0.117 0.02

*, Statistically significant; SE, standard error

Table 2: Evaluation of the size of the condyle in various anteroposterior skeletal conditions

Class I condition Class II condition Class III condition

p-value*Mean value (mm) ± SE Mean value (mm) ± SE Mean value (mm) ± SE
Length of condyle in left direction 8.31 ± 0.212 8.68 ± 0.121 8.74 ± 0.131 0.07
Length of condyle in right direction 8.15 ± 0.121 8.67 ± 0.221 8.75 ± 0.123 0.08
Width of condyle in left direction 15.45 ± 0.132 16.67 ± 0.111 17.34 ± 0.141 0.03
Width of condyle in right direction 15.34 ± 0.122 16.37 ± 0.132 17.24 ± 0.121 0.04
Height of condyle in left direction 20.21 ± 0.131 18.23 ± 0.166 23.34 ± 0.132 0.02
Height of condyle in right direction 20.23 ± 0.211 19.34 ± 0.101 23.04 ± 0.121 0.03

*, Statistically significant; SE, standard error

condition were 38 males and 48 females while the study participants 
in hypodivergent condition were 38 males and 46 females.

The length, width, and height of the condyle were shorter 
in females as compared with the male study participants. The 
difference was statistically significant with p ≤ 0.05 (Table 1). When 
evaluation of the size of the condyle was carried out in various 
anteroposterior skeletal conditions then there was no statistically 
significant difference in length of the condyle in class I, class II, 
and class III conditions with p ≥ 0.05. The width and height of the 
condyle were greatest in class III condition while they were lowest 
in class I condition. The width and height of the condyle in class 
II condition were more than that of class I but less than that of 
class III condition. The difference was statistically significant with 
p ≤ 0.05 (Table 2). When the evaluation was carried out in different 
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the temporomandibular joint were more commonly observed in 
female study participants as compared with that of male study 
participants. It was observed that the volume of the mandible 
was different in different sexes.13,14

The results obtained were not similar to the present study as it 
was observed that there was no significant difference in the condyle 
size in different skeletal conditions. However, it was found that 
the volume and surface area of the condyle was greater in class III 
skeletal condition as compared with class II and class I condition.15 
Hayashi et al. conducted a study and found that difference was not 
statistically significant in the volume of mandible among different 
anteroposterior skeletal conditions. The results of this study were 
not in accordance with the present study.16 In the current study, a 
statistical difference in the condylar height and width was found 
among vertical and anteroposterior skeletal conditions. The reason 
for such contrasting results may be the variation in the geographical 
conditions in which these studies were conducted.

Malocclusion is a multifactorial phenomenon. The factors 
responsible for malocclusion may be a combination of both 
skeletal and dental conditions of the craniofacial regions.17,18 
The skeletal conditions affecting the occlusion include both 
the anteroposterior and vertical conditions. Skeletal conditions 
are very important in the diagnosis, treatment, and prognosis 
of orthodontic treatment. Since the condyle is the main site of 
development of the mandible and several changes take place in 
the condyle during the remodeling process for the development 
of the mandible. Therefore, the size of the condyle plays an 
important role in the final dimensions of the mandible. Besides 
the size of the condyle also affect the relationship between the 
mandibular and maxillary arch. In this way, the size of the condyle 
plays important role in the orthodontic diagnosis, treatment 
planning, and prognosis.7,19 In this study correlation between 
the size of the condyle and different vertical and anteroposterior 
skeletal conditions was evaluated and found that the width and 
the height of the condyle vary according to various skeletal 
conditions and gender. The clinical implications of this study can 
be explained by the fact that width and the height of the condyle 
vary according to anteroposterior and vertical skeletal conditions 
and gender, therefore, it is necessary to identify such variations 
as well as abnormalities, especially during orthodontic treatment 
and orthognathic surgery.

This was the first study in our country to evaluate the 
correlation between the size of the condyle and various skeletal 
conditions. Another new thing in this study was that CBCT was 
used for the analysis of the size of the condyle. It has been 
observed that conventional radiographs used in orthodontic 
treatment like lateral cephalograms and orthopantomography 

vertical skeletal conditions then there was no significant difference 
in length of the condyle in hypodivergent, normodivergent, and 
hyperdivergent conditions (p  ≥  0.05). There was a decrease in 
the width of the condyle and the height of the condyle while 
moving from hypodivergent to normodivergent to hyperdivergent 
conditions. The difference was statistically significant with p ≤ 0.05 
for the width of the condyle and the height of the condyle (Table 3).  
There was no significant difference in the size of the condyle on 
comparing the left and right sides.

Therefore, it was found that the size of the condyle was 
smaller in females. The length of the condyle was similar in 
different anteroposterior and vertical positions with no significant 
difference. The width and height of the condyle were greatest 
in class III anteroposterior condition while they were lowest in 
class I condition. The width and height of the condyle in the class 
II condition were greater than that class I condition while they 
were lower than that of the class III condition. As far as vertical 
conditions were concerned the width of the condyle and the height 
of the condyle was greatest in hypodivergent condition while they 
were lowest in hyperdivergent condition. In the normodivergent 
condition, the values were in between these two conditions. There 
was a significant difference in the height and width of the condyle 
in different vertical conditions.

Di s c u s s i o n
In this study size of the condyle was compared in different vertical 
and anteroposterior skeletal conditions using CBCT considering 
sex differences and it was found that the height and the width 
of the condyle vary considerably in different anteroposterior and 
vertical skeletal patterns while the size of the condyle was smaller in 
females as compared with males. However, there was no significant 
correlation between the length of the condyle and different 
anteroposterior and vertical conditions. Similar results were found 
in Japan to compare the size of the condyle among different vertical 
and anteroposterior skeletal conditions with the help of CBCT and 
found that the height and width of the condyle were significantly 
related with various skeletal conditions.11,12

In a study, it was found that the width of the condyle was 
greatest in hypodivergent skeletal condition while it was lowest 
in hyperdivergent vertical skeletal condition. It was found that the 
size of the condyle was smaller in females as compared with that of 
males. Similarly in the present study, it was found that the width of 
the condyle was greatest in hypodivergent condition and lowest 
in hyperdivergent condition. The size of the condyle was smaller 
in females in the present study also. Another important finding 
in a study, it was found that signs and symptoms of disorders of 

Table 3: Evaluation of size of the condyle in various vertical skeletal conditions

Hyperdivergent Normodivergent Hypodivergent

p-value*Mean value (mm) ± SE Mean value (mm) ± SE Mean value (mm) ± SE
Length of condyle in left direction 9.34 ± 0.231 8.56 ± 0.141 8.24 ± 0.121 0.67
Length of condyle in right direction 9.42 ± 0.121 8.54 ± 0.123 8.32 ± 0.141 0.78
Width of condyle in left direction 15.56 ± 0.121 16.23 ± 0.212 17.32 ± 0.132 0.03
Width of condyle in right direction 15.34 ± 0.112 16.91 ± 0.312 17.21 ± 0.331 0.02
Height of condyle in left direction 18.21 ± 0.111 19.32 ± 0.113 20.24 ± 0.110 0.03
Height of condyle in right direction 18.32 ± 0.114 19.34 ± 0.112 20.23 ± 0.161 0.04

*, Statistically significant; SE, standard error
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are mainly two-dimensional imaging. The condyle is a three-
dimensional structure, therefore these conventional methods are 
not adequate for evaluation of the condyle size.20,21 On the other 
hand CBCT is three-dimensional imaging having better details. So 
CBCT is a better imaging technique for analysis of the size of the 
condyle. Moreover, there is no image magnification and image 
distortion in CBCT as reported in other conventional radiographic 
techniques like lateral cephalograms and orthopantomograph. 
CBCT provides high-resolution images with good accuracy in 
measurements.22 Therefore, CBCT was used for radiographic 
analysis in this study. Measurements of the length, width, and 
height of the condyle in this study were evaluated. This method 
has been previously used in several studies conducted over Asian 
populations.23

The limitations of this study were high radiation exposure due 
to the use of CBCT. Besides the CBCT examination is very expensive 
due to which the number of study participants included in this study 
was limited in number. The sample size of the study should have 
been larger. Other limitations of the study were that confounding 
factors like age, trauma, and endocrine disorders were not included 
in the study.

Co n c lu s i o n
It can be concluded that the height and width of the condyle vary 
considerably in different anteroposterior and vertical skeletal 
patterns while the size of the condyle is smaller in females as 
compared with males. However, there is no significant correlation 
between the length of the condyle and different anteroposterior 
and vertical conditions. More studies with a large sample size should 
be conducted further for better results.
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