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Abstract
Objective This study aims to evaluate differences in the morphological and morphometric features of hard tissue components 
of the temporomandibular joint (TMJ) in the cone beam computed tomography (CBCT) images of children with different 
skeletal models in the sagittal and vertical plane.
Methods Condyle dimensions, horizontal condylar angle, the distance of the condyle center to the midsagittal plane, condyle 
position, eminence height, eminence inclination, condyle, and fossa shape and symmetry were evaluated in CBCT images 
in 190 TMJs in 95 pediatric patients. Patients were classified as Class 1–2–3 in the sagittal direction, as hypodivergent, 
normodivergent, and hyperdivergent in the vertical direction. Children were divided into 10–13 and 14–17 age groups.
Results The left superior joint space in children with a different skeletal model in the sagittal plane was lower and found 
to be statistically significant in Class 3 children (p < 0.05). A statistically significant difference was found lower in the left 
articular eminence inclination and height in Class 3 children (p < 0.05). The most common oval fossa form was seen in 
Classes 2–3 children (p < 0.05). It was determined that the anterior joint space was lower in hyperdivergent children and the 
condyle was located more anteriorly. The mediolateral length of the condyle and the height of the articular eminence were 
positively correlated with age.
Conclusions The results revealed that the difference in skeletal models seen in sagittal and vertical planes in children may 
cause morphological and morphometric changes in the hard tissue components of TMJ.
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Introduction

The craniofacial system is the integrity of different skeletal 
structures that function in harmony with each other. The 
structures in this system reach their ideal dimensions and 
positions in mutual interaction throughout the growth and 

development period [1, 2]. During the growth and devel‑
opment process, craniofacial structures change to create 
a balanced facial structure with the effect of genetic and 
environmental factors. These structures are in interaction 
and the growth difference in any of the structures affects 
other regions as well [1]. Articular structures also show 
an adaptation potential and reshape according to changing 
functional needs [3]. The temporomandibular joint (TMJ) 
is a ginglymoarthrodial joint located between the condylar 
process of the mandible and the mandibular fossa and articu‑
lar eminence of the temporal bone. The morphological and 
morphometrical characteristics of the TMJ can be affected 
by various anatomical factors, such as growth patterns and 
pathological factors, like dental and skeletal malocclusion. 
Skeletal malocclusions may occur between the lower and 
upper jaws with deviations from the normal growth pattern 
[1, 2]. Since TMJ is exposed to different forces in individuals 
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with different craniofacial morphologies, it is thought that 
the structural properties of the joint will also differ [4–6].

The radiological evaluation of TMJ is important to deter‑
mine the normal variables and pathological conditions that 
need treatment in asymptomatic individuals and also guides 
in taking preventive measures, morphological and morpho‑
metric differences in TMJ structures with increasing age. 
In two‑dimensional radiography techniques, the structure 
of the TMJ cannot be fully visualized due to the difficulty 
of positioning the X‑rays correctly, the inability to obtain 
images in different sections and superimpositions [7, 8]. 
Today, the anatomical structures and morphology of the 
TMJ are evaluated with CBCT‑provided three‑dimensional 
cross‑sectional imaging of the maxillofacial region without 
superposition from the surrounding tissues with lower radia‑
tion dose [8–10].

Some studies reported a relationship between TMJ mor‑
phology with different occlusion and face types, but some 
studies reported no relationship contrary to these results. 
Although there are studies in the literature evaluating the 
morphology and morphometric measurements of the TMJ in 
adults with different facial types and sagittal direction mod‑
els, there are not enough studies in children [11–14]. Also, 
there are few studies evaluating the differences in TMJ mor‑
phology based on the interactive effects of both sagittal and 
vertical cephalometric relationships. In studies conducted in 
the literature, morphological and morphometric changes in 
temporomandibular joint structures were evaluated in dif‑
ferent age groups, but there is no study in which all skeletal 
and occlusal differences were evaluated simultaneously in 
the same study. Therefore, this study aimed to evaluate the 
following null hypothesis: there are differences in the mor‑
phological and morphometric properties of the hard tissue 
components of the TMJ due to the exposure of the TMJ to 
different forces resulting from malocclusion in children with 
different sagittal and vertical craniofacial structures.

Materials and methods

Sample selection

The study was approved by the Clinical Research Ethics 
Committee of the University Hospital (Ethics committee 
approval number: 72867572‑050.01.04‑737). A hundred 
and ninety TMJs of 95 adolescents (45 boys and 50 girls) 
who had taken cone beam computed tomography with dental 
reasons (e.g., impacted teeth, cyst and tumor etc.), age range 
10–17 years were evaluated in the present study. The exclu‑
sion criteria were the presence of congenital deformities or 
syndromes, such as Crouzon syndrome, Pierre Robin syn‑
drome, cleft lip and palate, maxillofacial bone fractures or 
surgeries in the TMJ area, and TMJ hypoplasia, hyperplasia 

or tumors, a history of trauma, previous orthodontic treat‑
ment, and any systemic diseases, which may affect joint 
morphology such as rheumatoid arthritis.

Imaging procedures

The cone beam images were performed using Planmeca Pro‑
Max 3D Mid (Planmeca Oy, Helsinki, Finland) flat panel‑
based CBCT machine. The maximum output of the scan‑
ner was 90 kV, 10 mA, 27 s and with 0.4  mm3 voxel size. 
The exposure field was 200 mm in diameter and 170 mm in 
height. The patient was placed in a horizontal position so 
that the Frankfort horizontal plane was perpendicular to the 
table, with their head within the circular gantry housing of 
the X‑ray tube to obtain a consistent orientation of sagittal 
images. The X‑ray tube detector system performed a 360° 
rotation around the head of the patient, and the scanning 
time was 27 s. The Planmeca Romexis  Viewer® (Romexis 
3.2.0, Helsinki, Finland) software program was used for 
analyses. In this program, lateral cephalometric radiography 
(LSR) images were obtained from the CBCT images of the 
patients with the feature of creating LSR.

Cephalometric analyses were performed on LSR images 
of patients. The subjects were divided into three groups 
according to the ANB angle to determine the sagittal jaw 
relationship: Class 1 (0° < ANB < 4°), Class 2 (ANB > 4°), 
and Class 3 (ANB < 0°) [15]. Each group formed was 
divided into three groups according to the Jarabak ratio to 
determine the vertical facial pattern: hypodivergent (Jarabak 
ratio > 63%), normodivergent (Jarabak ratio = 59–63%), and 
hyperdivergent (Jarabak ratio < 59%) groups [16].

Measurements on CBCT images were assessed by one 
dentomaxillofacial radiologist (four years of experience).

Measurements

Condylar dimensions

In the measurement of mandibular condyle dimensions, the 
section in which the side to be examined was seen the widest 
was determined on the axial images. The length of the con‑
dyle head in the mediolateral and anteroposterior directions 
was measured in this section (Fig. 1).

Horizontal condylar angle and distance of condyle centers 
to midsagittal plane

The horizontal condylar angle, defined as the angle between 
the long axis of the condyle (mediolateral) and the coronal 
plane in the axial view, was measured (Fig. 1). The verti‑
cal distance of the geometric center of the condyle to the 
midsagittal plane was recorded in the same section (Fig. 1).
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Evaluation of the position of the condyle in the mandibular 
fossa

The position of the mandibular condyle was evaluated by 
measuring the superior, anterior, and posterior joint spaces 
on the sagittal section corresponding to the condyle center 
in the axial section where the condyle is seen at its widest.

Superior joint space length It is the shortest distance 
between the highest point of the condyle and the highest 
point of the mandibular fossa.

Anterior joint space length It is the shortest distance 
between the most anterior point of the condyle and the pos‑
terior wall of the articular tubercle.

Posterior joint space length It is measured as the shortest 
distance between the most posterior point of the condyle and 
the posterior wall of the mandibular fossa.

Measurement articular eminence inclination and height

Measurement inclination of articular eminence Two differ‑
ent methods were used to measure the sagittal section, which 
corresponds to the center of the condyle, in the axial section 
where the condyle is seen the widest.

• Top-roof line method Angle between Frankfurt horizontal 
plane and Etr plane (Fig. 2).

• Best-fit line method Angle between Frankfurt horizontal 
plane and Ebf plane (Fig. 2).

Measurement Height of Articular Eminence It is the verti‑
cal distance between the lowest point of the articular emi‑
nence and the deepest point of the mandibular fossa (Fig. 2).

Evaluation of mandibular condyle and glenoid fossa shapes

The shapes of the mandibular condyle and glenoid fossa 
were evaluated in the axial section where the condyle is seen 
at its widest size, in the coronal section that cuts the long 
axis of the condyle perpendicularly and passes through the 
center of the condyle and in the sagittal section that passes 
through the center of the condyle.

Condyle shapes were examined in the central coronal sec‑
tion by dividing them into 4 groups round (a), oval (b), flat 
(c), and angled (d) (Fig. 3).

Mandibular fossa shapes were evaluated in the central 
sagittal section by dividing them into 4 groups oval (a), tri‑
angular (b), angular (c) and trapezoidal (d) (Fig. 4).

Statistical analysis

The sample size was calculated using G*power (version 
3.1.9.2) software based on the preliminary information 
obtained from the literature (power of 80%, α = 0.05 and 
effect size of 0.79). The minimum sample size for each 
group was found to be 7. The data were evaluated using the 
statistical package program (SPSS, Version 17.0).

Fig. 1  a The length of the condyle head in the mediolateral and anteroposterior directions. b The measurement of the horizontal condylar angle. 
c The vertical distance of the geometric center of the condyle to the midsagittal plane

Fig. 2  a Measurement with top‑roof line method of articular eminence inclination. b Measurement with best‑fit line method of articular emi‑
nence inclination. c Measurement of articular eminence height
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The normal distribution of data was examined with the 
Kolmogorov–Smirnov test, and Levene’s test was used to 
test for homogeneity of variances. Categorical variables 
were given as numbers and percentages, and continuous 
(quantitative and quantitative) variables were given as mean 
and standard deviation. One‑factor analysis of variance and 
LSD (Least Significant Difference) which are multiple 
comparison tests were used to compare the difference of 
means. Pearson correlation analysis was used to determine 
the significance and direction of linear relationships between 
variables.

The intra‑observer agreement for the categorical variables 
was assessed using k statistics and interpreted as follows: A 
k‑value greater than 0.81–1.00 corresponded to an excellent 
agreement, a k‑value of 0.61 to 0.80 corresponded to a very 
good intra‑observer agreement, a k‑value of 0.41 to 0.60 cor‑
responded to a good intra‑observer agreement and a k‑value 
of 0.21 to 0.40 corresponded to a moderate inter‑observer 
agreement. Intra‑observer agreement for numerical variables 
was evaluated with Cronbach's alpha coefficient test. These 
values are α ≥ 0.9 excellent, 0.7 ≤ α < 0.9 good, 0.6 ≤ α < 0.7 
acceptable, 0.5 ≤ α < 0.6 poor, α < 0.5 unacceptable evalu‑
ated [17].

Results

In this study, 95 pediatric patients with a mean age of 
13.63 ± 2.18 years (45 boys—mean age 13.38 ± 2.13, 50 
girls—mean age 13.86 ± 2.23) were included. The sagittal 
direction jaw relations according to the ANB angle values 
and the vertical direction jaw relations according to the Jara‑
bak ratio in the lateral cephalometric radiograph images of 
the study group were shown in Table 1.

The ML length of the condyle on both the right and left 
sides was longer in boys than in girls. A statistically sig‑
nificant difference was found between the genders in the 
ML length measurements of the right (p = 0.008) and left 
(p = 0.000) condyles. There was no statistically significant 
difference between the genders in the mean AP length of the 
right and left condyles (p > 0.05).

The mean of ML and AP measurements of the right and 
left condyles in children with different models of jaw rela‑
tionship in both sagittal and vertical directions had approxi‑
mately the same values in all three classes. There was no 
statistically significant difference between the ML and AP 
length values measured in the groups (p > 0.05) (Table 2).

In the study group, the mean value of the right horizon‑
tal condylar angle was 19.8 ± 2.66° (min. 14.34° and max. 
26.1°), while the mean value of the left horizontal condy‑
lar angle was 20.07 ± 2.7° (min. 14.07° and max. 26.59°). 
There was no statistically significant difference between the 
genders in the mean values of the right and left horizontal 
condylar angle and the distance of the right–left condyle 
center to the midsagittal plane (p > 0.05).

No statistically significant difference was found between 
the right and left horizontal condylar angle measurement 

Fig. 3  a Round, b oval, c flat 
and d angled condyle shapes in 
the central coronal section

Fig. 4  Mandibular fossa shapes 
in the central sagittal section; a 
oval, b triangular, c angular and 
d trapezoidal

Table 1  Distribution of the relationship between the jaws in the sagit‑
tal and vertical directions of the study group

Hypodivergent n 
(%)

Normodi‑
vergent  n 
(%)

Hyperdi‑
vergent  n 
(%)

Total  n (%)

Class 1 8 (8.7) 12 (12.5) 12 (12.5) 32 (33.7)
Class 2 10 (11.2) 12 (12.3) 12 (12.3) 34 (35.8)
Class 3 7 (7.6) 10 (10.4) 12 (12.5) 29 (30.5)
Total 25 (37.9) 34 (35.8) 36 (26.3) 95(100)
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values in the groups of children with different models of 
sagittal and vertical jaw relationship (p > 0.05).

The distance measurement values of the condyle center 
to the midsagittal plane on the right (p = 0.01) and left sides 
(p = 0.04) were higher in individuals with hypodivergent 
face type than in other groups. There was no statistically 
significant difference between the groups in the distance 
measurement values of the condyle center to the midsagittal 
plane in children with a different model of the jaw relation‑
ship in the sagittal direction (p > 0.05) (Table 3).

Right and left upper, posterior and anterior joint space 
length measurements were higher in boys than girls. A statis‑
tically significant difference was found between the genders 
in the mean values of the right (p = 0.01) and left (p = 0.00) 
upper and left anterior (p = 0.00) joint space lengths.

In children with a different jaw relationship in the sagit‑
tal direction, the left upper joint space length was longer 
in Class 1 patients than in other class patients (p = 0.02). 
Right upper joint space length, right and left anterior joint 
space length, right and left posterior joint space length 

measurements had approximately the same values in all 
three classes (p > 0.05).

The mean values of right (p = 0.03) and left (p = 0.02) 
anterior joint space length in children with vertically dif‑
ferent models of jaw relation were found to be statistically 
significant between the groups. In hyperdivergent patients, 
it was determined that the anterior joint space length was 
less and the condyle was located more anteriorly (Table 4).

Both right and left articular eminence inclination and 
eminence height were measured more in boys than in girls. 
While the measurement of the right articular eminence incli‑
nation with the top‑roof line method was not statistically 
significant between the genders (p > 0.05), a statistically 
significant difference was found in the mean measurement 
of the left articular eminence inclination using the top‑roof 
line method (p = 0.01).

There was no statistically significant difference between 
the values of the right articular eminence inclination meas‑
ured by the best‑fit line method in children with a different 
model of the jaw relationship in the sagittal direction. There 

Table 2  Statistics of the minimum, maximum and average values of the measurements of the right and left condyle dimensions of the study 
group according to the relationship between the jaws in the sagittal direction

Class 1 (n = 32) Class 2 (n = 34) Class 3 (n = 29) p Hyperdivergent 
(n = 25)

Normodivergent 
(n = 34)

Hypodivergent 
(n = 36)

p

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Right condyle 
ML length

17.07 ± 2.20 
(13.45–23.60)

16.38 ± 2.16 
(12.81–22.22)

16.25 ± 1.77 
(13.65–20.00)

0.25 16.64 ± 1.93 
(13.41–20.96)

16.22 ± 1.72 
(12.81–20.00)

16.86 ± 2.45 
(13.45–23.60)

0.44

Left condyle ML 
length

16.77 ± 2.38 
(9.88–21.47)

16.35 ± 1.75 
(13.58–20.40)

16.31 ± 1.94 
(13.16–19.35)

0.61 16.64 ± 1.75 
(13.58–20.04)

16.05 ± 1.87 
(9.88–19.15)

16.78 ± 2.31 
(13.16–21.47)

0.29

Right condyle 
AP length

6.98 ± 0.95 
(5.37–9.36)

7.56 ± 1.20 
(5.37–10.10)

6.96 ± 1.29 
(4.88–9.93)

0.06 7.20 ± 1.01 
(5.06–9.33)

7.38 ± 1.32 
(4.88–9.93)

6.99 ± 1.13 
(5.37–10.10)

0.37

Left condyle AP 
length

7.29 ± 1.13 
(5.73–10.59)

7.47 ± 1.34 
(5.01–10.59)

6.78 ± 1.34 
(4.12–10.00)

0.09 7.10 ± 1.22 
(4.12–10.50)

7.47 ± 1.29 
(5.09–10.02)

7.01 ± 1.33 
(4.83–10.59)

0.30

Table 3  Statistics of the minimum, maximum and average values of the measurements of the right and left horizontal condylar angle and the 
distance of the condyles to the midsagittal plane according to the relationship between the jaws in the sagittal direction of the study group

*Statistical significance (p < 0.05)

Class 1 (n = 32) Class 2 (n  = 34) Class 3 (n  = 29) p Hyperdivergent 
(n  = 25)

Normodivergent 
(n  = 34)

Hypodivergent 
(n  = 36)

p

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Right horizontal 
condylar angle

19.66 ± 2.60 
(14.58–26.60)

20.38 ± 2.41 
(15.11–25.53)

19.27 ± 2.94 
(14.34–26.10)

0.24 18.84 ± 2.13 
(14.43–22.88)

20.41 ± 2.91 
(14.34–26.10)

19.89 ± 2.61 
(14.93–25.60)

0.07

Left horizontal 
condylar angle

20.49 ± 2.84 
(14.66–26.59)

20.41 ± 2.54 
(14.07–25.20)

19.20 ± 2.70 
(14.12–25.20)

0.11 19.42 ± 3.19 
(14.07–26.59)

20.50 ± 2.66 
(14.66–25.20)

20.11 ± 2.41 
(15.29–25.82)

0.32

Right midsagittal 
distance

47.63 ± 3.20 
(40.40–52.40)

46.68 ± 8.25 
(40.4–54.61)

47.98 ± 2.79 
(42.50–55.20)

0.61 45.06 ± 9.01a 
(40.4–51.61)

47.33 ± 3.29ab 
(41.20–54.42)

49.08 ± 2.77b 
(43.63–55.20)

0.01*

Left midsagittal 
distance

47.73 ± 2.98 
(41.20–53.60)

46.56 ± 8.18 
(41.2–54.01)

48.10 ± 2.68 
(42.90–55.21)

0.49 45.22 ± 8.97a 
(41.2–52.40)

47.67 ± 3.20ab 
(42.61–54.01)

48.73 ± 2.78b 
(43.62–55.21)

0.04*
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was no statistically significant difference between the meas‑
urements made with the top‑roof line method on both the 
right and left sides (p > 0.05).

In children with different models of jaw relation in 
both sagittal (p = 0.03) and vertical (p = 0.01) directions, 
eminence inclination values measured by the best‑fit line 

method on the left side were statistically significantly dif‑
ferent between the groups (Table 5).

The most common mandibular condyle was observed on 
the right (44.2%) and left (41.1%) sides in the study group. 
While the most common form of the round condyle was 
observed in the right condyle in Class 1 and Class 2 patients 

Table 4  Statistics of the minimum, maximum and average values of the measurements of the right and left upper, anterior and posterior joint 
space lengths according to the relationship between the jaws in the sagittal direction of the study group

*Statistical significance (p < 0.05)

Class 1 (n = 32) Class 2 (n = 34) Class 3 (n = 29) p Hyperdivergent 
(n = 25)

Normodivergent 
(n = 34)

Hypodivergent 
(n = 36)

p

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS 
(min.–max.)

Right superior 
joint space

2.86 ± 0.90 
(1.60–4.87)

2.75 ± 0.93 
(1.20–5.22)

2.57 ± 0.99 
(0.80–5.60)

0.48 2.67 ± 0.96 
(0.80–5.60)

2.56 ± 0.81 
(1.60–4.81)

2.94 ± 1.01 
(1.20–5.22)

0.22

Left superior 
joint space

3.07 ± 0.99a 
(1.60–4.83)

2.89 ± 1.13a 
(1.18–5.91)

2.34 ± 0.91b 
(0.80–4.82)

0.02* 2.65 ± 1.07 
(0.80–4.82)

2.65 ± 0.86 
(1.60–4.70)

3.00 ± 1.19 
(1.28–5.91)

0.29

Right anterior 
joint space

2.42 ± 0.71 
(1.26–4.12)

2.29 ± 0.97 
(0.57–4.42)

2.24 ± 0.91 
(0.57–4.18)

0.72 2.08 ± 0.79a 
(0.57–3.83)

2.19 ± 0.84a 
(0.57–4.12)

2.61 ± 0.88b 
(1.26–4.42)

0.03*

Left anterior 
joint space

2.39 ± 0.70 
(0.89–3.94)

2.26 ± 0.96 
(0.76–4.47)

2.24 ± 0.74 
(1.10–4.08)

0.73 1.95 ± 0.65a 
(1.10–3.69)

2.31 ± 0.84ab 
(0.89–4.18)

2.52 ± 0.81b 
(0.76–4.47)

0.02*

Right posterior 
joint space

2.56 ± 0.83 
(1.44–5.01)

2.54 ± 0.91 
(0.78–5.56)

2.41 ± 0.98 
(0.40–4.95)

0.79 2.40 ± 0.94 
(0.40–4.95)

2.53 ± 0.63 
(1.70–4.44)

2.56 ± 1.08 
(0.89–5.56)

0.78

Left posterior 
joint space

2.73 ± 0.78 
(1.13–4.42)

2.35 ± 0.85 
(0.80–4.66)

2.39 ± 1.15 
(0.70–6.46)

0.20 2.45 ± 1.13 
(0.80–6.46)

2.49 ± 0.90 
(1.26–4.66)

2.52 ± 0.84 
(0.70–4.13)

0.95

Table 5  Statistics of the minimum, maximum and average values of the measurements of the right and left articular eminence slope and height 
according to the relationship between the jaws in the sagittal direction of the study group

*Statistical significance (p < 0.05)

Class 1 (n = 32) Class 2 (n = 34) Class 3 (n = 29) p Hyperdivergent 
(n = 25)

Normodivergent 
(n = 34)

Hypodivergent 
(n = 36)

p

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS (min.–
max.)

Avg. ± SS 
(min.–max.)

Avg. ± SS 
(min.–max.)

Avg. ± SS 
(min.–max.)

Right eminence 
inclination 
(best‑fit line 
method)

54.25 ± 3.80 
(45.32–59.86)

52.32 ± 6.84 
(40.48–67.91)

51.87 ± 5.49 
(41.65–63.77)

0.20 52.48 ± 4.35 
(43.27–58.95)

51.33 ± 4.91 
(41.65–61.36)

54.49 ± 6.57 
(40.48–67.91)

0.05

Left eminence 
inclination 
(best‑fit line 
method)

54.25 ± 4.02a 
(45.51–59.94)

51.82 ± 6.43a 
(40.91–68.97)

50.88 ± 4.89b 
(41.55–61.26)

0.03* 52.29 ± 3.78 
(45.42–59.94)

50.82 ± 5.18 
(41.55–63.29)

53.84 ± 6.17 
(40.91–68.97)

0.06

Right eminence 
inclination 
(top‑roof line 
method)

36.23 ± 3.07 
(30.17–42.27)

34.60 ± 4.73 
(27.67–46.18)

33.76 ± 4.67 
(23.37–47.01)

0.07 34.76 ± 3.54 
(26.99–42.27)

33.77 ± 3.79 
(23.37–41.96)

36.05 ± 5.00 
(27.67–47.01)

0.08

Right eminence 
inclination 
(top‑roof line 
method)

35.41 ± 3.48 
(27.12–41.61)

34.48 ± 4.73 
(25.80–47.25)

33.59 ± 3.96 
(27.30–41.65)

0.23 34.06 ± 3.93 
(27.12–43.32)

33.91 ± 3.11 
(28.34–40.06)

35.42 ± 4.97 
(25.80–47.25)

0.25

Right eminence 
height

5.98 ± 1.59 
(3.79–10.83)

6.14 ± 2.05 
(3.20–13.69)

5.14 ± 1.30 
(2.83–8.14)

0.05 5.68 ± 1.49 
(3.62–8.95)

5.40 ± 1.40 
(3.20–9.88)

6.21 ± 2.09 
(2.83–13.69)

0.13

Left eminence 
height

6.31 ± 2.00a 
(3.22–11.77)

6.43 ± 1.76a 
(2.56–10.03)

5.32 ± 1.42b 
(3.05–8.04)

0.03* 6.05 ± 1.69ab 
(3.22–9.93)

5.42 ± 1.60a 
(2.56–9.23)

6.65 ± 1.90b 
(3.05–11.77)

0.01*
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in children with a different jaw relationship in the sagittal 
direction, the oval condyle form was most common in Class 
3 patients (p = 0.09). On the left condyle, oval condyle form 
was most common in Class 1 patients, while round condyle 
form was most common in Class 2 and Class 3 children 
(p = 0.3). Condyle shape symmetry was most common in 
Class 1 children (46.9%), while condyle shape symmetry 
was least observed in Class 2 children (41.2%) (p = 0.89).

The right condyle shape was most frequently observed 
in the round form in all groups of children with jaw rela‑
tionships with a different pattern in the vertical direction 
(p = 0.58). The left condyle shape was observed most fre‑
quently as an oval and round form in hyperdivergent chil‑
dren, while the round form was determined most frequently 
in normodivergent and hypodivergent children (p = 0.39). 
Condyle shape symmetry was most common in hypodiver‑
gent children (44.4%) (p = 0.99).

Oval and trapezoidal fossa forms were observed most 
frequently in Class 1 patients in the right fossa in children 
with a different jaw relationship in the sagittal direction. 
Oval fossa form was most common in Class 2 and Class 
3 children and it was found to be statistically significant 
(p = 0.02). In the left fossa, the most common oval fossa 
form was observed in Class 1, Class 2, Class 3 children and 
was found to be statistically significant (p = 0.004). Fossa 
shape symmetry was most common in Class 3 children 
(69%), while condyle shape symmetry was least observed 
in Class 1 children (46.9%) (p = 0.44).

In this study, Cronbach's alpha coefficient values in 
the intraobserver agreement assessment of morphometric 
measurements of the TMJ ranged from 0.57 (poor) to 0.99 
(excellent). In the evaluation of their morphological charac‑
teristics, the intraobserver agreement kappa test coefficient 
values were between 0.54 and 1. In other words, values rang‑
ing from moderate agreement to very good agreement were 
observed.

Discussion

In this study, the morphological and morphometric features 
of the hard tissue components of the TMJ were evaluated 
on CBCT images in children with sagittal and vertically 
different craniofacial features. The TMJ is one of the most 
important and most complex joints in the human body, in 
which the right and left joints vary morphologically and 
morphometrically from person to person and in the same 
person [18]. Determining whether the TMJ and surrounding 
bone structures differ in individuals with different craniofa‑
cial features at an early age is important for the prevention 
and early diagnosis of TMJ‑related pathologies.

Although there are studies in the literature evaluating 
TMJ morphology and morphometric measurements in adults 

with different facial types or sagittal direction models, this 
study was planned because there are not enough studies on 
this subject in pediatric patients [11–14]. However, in these 
studies, one or more of the morphological or morphomet‑
ric measurements were evaluated in TMJ structures. In our 
study, many parameters were examined simultaneously in 
the TMJs of children aged 10–17 years with different sagittal 
and vertical craniofacial features. Both morphological (man‑
dibular condyle and glenoid fossa shapes) and morphomet‑
ric (length of the condyle head, horizontal condylar angle, 
distance of condyle centers to midsagittal plane, superior‑
anterior–posterior joint space length, articular eminence 
inclination, and height) features of temporomandibular joint 
structures were evaluated.

Zhang et  al. examined the accuracy of CBCT in the 
assessment of TMJ dimensions and reported that the meas‑
urements of the joint spaces were very similar to the actual 
joint spaces [19]. In this study, images of patients who 
underwent CBCT, which is an imaging method that is effec‑
tive in showing the bone structures of the joint and provides 
a three‑dimensional examination in different planes, were 
used to examine the morphological and morphometric fea‑
tures of TMJ [9].

By obtaining 2‑dimensional cephalograms from three‑
dimensional CBCT images, it is possible to simulate lateral 
and posteroanterior cephalometric radiographs and compare 
these films with existing films [20]. In this study, 2D lat‑
eral cephalometric radiograph images obtained from CBCT 
images were used to determine the sagittal and vertical jaw 
relationships of the patients. Kumar et al. reported that in the 
presence of CBCT images, more accurate evaluations can 
be made compared to conventional radiographs, since lat‑
eral cephalometric radiograph images obtained from CBCT 
prevent the patient from receiving additional radiation, and 
cephalometric points are marked more accurately by reduc‑
ing the cost of shooting [21].

Biting force and chewing muscle activity were found to 
be high in hypodivergent individuals and low in hyperdi‑
vergent individuals [22, 23]. It has also been suggested that 
while normodivergent children develop more jaw strength 
as they grow, hyperdivergent children somehow stop gaining 
strength in their mandibular elevator muscles [24]. It has 
been found that bi‑zygomatic width is higher in those who 
are fed a hard diet and have high chewing forces [25]. In 
our study, the distance values of the condyle centers of both 
sides to the midsagittal plane were found to be less in hyper‑
divergent patients in children with different face types. Since 
the development of bone components is related to muscle 
function, the reason why the bicondylar distance was found 
to be narrower in hyperdivergent patients in this study may 
be that these individuals have fewer chewing forces.

The relationship between craniofacial morphology and 
condyle position is controversial. While some researchers 
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did not detect any relationship between condyle position and 
facial morphology, some researchers reported a significant 
relationship between condyle position and different skeletal 
models [26, 27]. In addition to studies reporting that the 
condyles are positioned significantly anteriorly in Class 3 
patients, some studies found no significant difference in 
terms of condyle position in Class 1 and Class 2 groups [28, 
29]. However, it has been reported that the posterior joint 
space length is shorter in adults than in children and the 
condyles are located more posteriorly [29]. In this study, no 
significant difference was found between the groups in the 
length measurements of the joint spaces on the right and 
left sides in children with different jaw relationships in the 
sagittal direction. Left upper joint space was found to be 
less in Class 3 children. However, no significant age‑related 
difference was found in joint space length measurements 
and condyle position. The difference between the groups in 
terms of the left upper joint space may be because conditions 
such as parafunctional habits and unilateral chewing affect 
the chewing dynamics and therefore the TMJ in the children 
included in the study.

Burke et al. reported that the upper joint space increased 
in individuals with hypodivergent face type in children with 
Class 2 jaw relationship and there was no significant rela‑
tionship between anterior and posterior joint space values 
and facial morphology [5]. Paknahad and Shahidi stated that 
in adults, the condyles are located more anteriorly in patients 
with hyperdivergent face type and they did not detect a sig‑
nificant difference in condyle position in normodivergent 
and hypodivergent patients [13]. In our study, it was found 
that the anterior joint space length was shorter and the con‑
dyle was located more anteriorly in hyperdivergent patients. 
This may be due to posterior rotation of the mandible as a 
result of increased anterior facial height in hyperdivergent 
patients.

Articular eminence is a small bone structure located in 
the anterior part of the mandibular fossa, exposed to func‑
tional forces together with other structures forming the TMJ 
and its posterior surface inclination differs between indi‑
viduals [30]. The most commonly used methods for measur‑
ing the articular eminence inclination are the top‑roof line 
and best‑fit line methods, there is no definitively accepted 
method [27, 31]. While the best‑fit line method shows the 
movement path of the condyle, the top‑roof line method 
shows the articular eminence development and morphol‑
ogy better [31, 32]. In this study, both best‑fit line and top‑
roof line methods were used in the measurement of articular 
eminence inclination, using the Frankfurt horizontal plane 
as the reference plane. In the literature, it has been reported 
that the eminence inclination is less in children and adults 
with Class 3 jaw relationship similar to our study [33, 34]. 
In our study, while the eminence inclination was found to 
be lower in both measurement methods in class 3 patients, 

a significant difference was found only in the measurement 
of the left eminence slope with the best‑fit line method. 
Some studies about correlating the skeletal sagittal class 
and articular eminence inclination had found no significant 
difference between Classes 1, 2, and 3, but the Class 3 group 
had lower angles compared to Class I and Class II similar to 
our study [35–37].

It was reported that articular eminence development and 
inclination are affected more by function than skull base 
characteristics and genetics. Junli Ma et al. reported that the 
eminence in the chewing preferred side was steeper than 
that in the unpreferred side among the healthy subjects with 
chewing side preference [38]. Therefore unilateral chew‑
ing habit or parafunctional activities in children may have 
caused remodeling of the eminence structure.

Park et al. reported that there was no significant difference 
in the right and left articular eminence inclination between 
the groups in adult patients with vertically different crani‑
ofacial models, similar to our study [14]. Thus, it can be con‑
cluded that the articular eminence inclination is not affected 
by the vertical face morphology. In our study, while there 
was no difference between the groups in the mean of right 
articular eminence height, a significant difference was found 
between the groups in the mean of left articular eminence 
height. The difference between the results on the right and 
left, it may have been caused not by the different face types, 
but by the fact that the lack of teeth in the study group was 
frequently seen on the right side, unilateral chewing, and 
parafunctional habits.

Since the form of skeletal structures is closely related to 
function, TMJ morphology is affected by functional forces. 
It is thought that there will be a change in the shape of the 
condyle and fossa in individuals with different dentofacial 
morphologies since the mandible and TMJ are exposed to 
varying forces in different malocclusions [3]. Condyle shape 
classification is a controversial issue in studies conducted 
for many years and has been developed day by day [39–42]. 
In addition, there are few studies in the literature describing 
fossa shapes and suggesting a classification [39]. Merigue 
et al. found the most common convex condyle form in ado‑
lescent and adult patients with different skeletal models in 
the sagittal direction and reported that there was no sig‑
nificant difference between the groups [42]. In our study, 
different condyle shapes were determined on the right and 
left sides. In the right condyle, the round condyle form was 
most common in Class 1 and Class 2 patients, while the oval 
condyle form was most common in Class 3 patients. On the 
left side, the oval condyle form was most common in Class 
1 patients, while the round condyle form was most common 
in Class 2 and Class 3 children. The reason for this may be 
that the TMJ region is exposed to different chewing forces 
due to the malocclusion present in the patients. In addition, 
the higher incidence of missing teeth in Class 1 patients in 
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the study group may be the reason for the formation of dif‑
ferent condyle forms.

Park et al. reported that round condyle shapes in hyper‑
divergent individuals and oval condyle shapes in hypodi‑
vergent individuals were the most common [14]. Burke 
et al. stated that they did not find a significant relationship 
between vertical facial morphology and condyle shape [5]. 
In our study, the right condyle shape was most frequently 
observed in the round form in all groups of children with a 
different jaw relationship in the vertical direction. The most 
common condyle shape in the left condyle was oval and 
round form in hyperdivergent children, the most common 
round form was determined in normodivergent and hypo‑
divergent children.

Katsavrias reported the most common condyle and fossa 
form as oval in children and adults with Class 2 Division 2 
sagittal jaw relation [43]. In this study, oval and trapezoi‑
dal fossa forms were observed most frequently in Class 1 
patients on the right side, equally. Oval fossa form was most 
common in Class 2 and Class 3 patients. On the left side, 
the oval fossa form was most common in Class 1, Class 2 
and Class 3 children. In the studies conducted, there is no 
standard classification in evaluating the condyle and fossa 
form, but different classifications have been used. Therefore, 
the convex shape accepted in one study may be included 
in the round or oval group in another study. Similarly, the 
condyle shape, which is considered angular, can be included 
in a different group depending on the section examined in 
another study. Differences in study results may be due to 
this situation.

The limitations of this study are that the sample size is 
limited because it was planned for pediatric patients. In addi‑
tion, only radiographic features were evaluated; clinical fea‑
tures affecting TMJ morphology and morphometric features, 
such as bruxism, chewing habits, and parafunctional habits, 
were not evaluated.

Conclusion

According to the results of this study, the distance values 
of the condyle centers of both sides to the midsagittal plane 
were found to be less in hyperdivergent children compared 
to the other groups. In addition, it was determined that the 
anterior joint space width was reduced in hyperdivergent 
children and the condyle was located more anteriorly. How‑
ever, changes were detected in some morphological and 
morphometric features of TMJ in children with different 
sagittal and vertical craniofacial morphology.
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