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Abstract 

Objective: The condylar position refers to the location of the mandibular condyle within the glenoid fossa when the teeth are in maximum intercuspal, 

and it is an important indicator of the temporomandibular joint (TMJ) function. This study aimed to assess the condylar position of the TMJ in patients 

with TMJ disorder using cone-beam computed tomography (CBCT). 

Methods: The present study utilized CBCT to evaluate the condylar position of the TMJ in a sample of 56 patients. Among them, 28 patients were 

asymptomatic while the remaining 28 had been diagnosed with TMJ disease. To evaluate the presence of TMJ disorders, the Research Diagnostic 

Criteria for Temporomandibular Disorders was employed. This diagnostic tool is widely used in clinical and research settings to assess TMJ-related 
pain and dysfunction.  

Results: The agreement was excellent, according to the intra-observer and inter-observer correlation values obtained. There was no statistically 

significant difference between the two groups in terms of age and gender distribution. The results showed that the anterior and posterior joint spaces 
were significantly higher in the symptomatic group compared to the asymptomatic group. However, there was no statistically significant difference 

between the two groups in terms of superior joint space and articular eminence inclination values. Gender did not create a significant difference in any 

parameter.  

Conclusion: The results of this study emphasize that CBCT images have an important role in detecting significant changes in condyle position in 

patients with TMJ disorders. However, further large-scale studies are necessary to validate and enhance the findings. 
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Introduction 

The position of the mandibular condyle in the glenoid fossa 

when the teeth are in maximum intercuspal is called the 

condylar position of the temporomandibular joint (TMJ). The 

optimal condylar position, which is also referred to as centric 

relation, is characterized by the uppermost and central 

placement of the teeth in relation to the articular eminence, 

and it is ideally congruent with the maximum intercuspation 

of the dental arches. The condylar position is modulated by 

various dynamic factors such as functional matrix activities, 

alterations in occlusal relationships, growth and remodeling 

processes, as well as physiological adaptations.1 

The clinical relevance of mild to moderate levels of condylar 

eccentricity has not been definitively established in the 

existing literature. Moreover, a mild degree of condylar 

eccentricity is present in approximately one-third to half of 

the healthy individuals. As a result, the TMJ is not considered 

a reliable parameter for evaluating the soft tissue 

compartment. Nevertheless, a markedly eccentric condylar 

position may serve as an indicator of underlying TMJ 

disorders.2 

Several prior investigations have shown that morphological 

changes associated with age, such as joint compartment 

flattening, can affect condyle locations. Many techniques 

have been used in the literature to examine the link between 

the condyle and the glenoid fossa.3,4 

TMJ disorders represent a significant public health concern, 

affecting a substantial portion of the population with a 

prevalence of approximately 5% to 12%. Clinical 

manifestations of TMJ disorders include muscle pain, 

arthralgia, restricted range of motion, and joint sounds.5

Despite conflicting opinions in the literature, there is a 

general consensus that the relationship between condyle 

position and TMJ disorders can aid in diagnosis. Earlier 

studies have indicated that the condyles of joints with internal 

irregularities tend to be positioned in a more posterior 

location.6 It is evident that the position of the condyle is 

closely associated with disc displacement, particularly in 

joints with decreased disc displacement. In comparison to 

joints without disc displacement, the condyle is displaced 

posteriorly in such joints.7 The relationship between condylar 

position and disc displacement has been widely investigated 

in the literature, underscoring the significance of condylar 

position in the diagnosis and treatment of TMJ disorders. 

The majority of asymmetrical changes and morphological 

variations in condyle position have been attributed to 

mandibular deviation and dentoskeletal discrepancies during 

functional movements.8 Clinical examination is not sufficient 

in the diagnosis of TMJ-related disorders and should be 

supported by imaging.9 Evaluation of the condylar position 

with cone-beam computed tomography (CBCT) provides 

advantages such as fast scanning time (10 - 70 s), low 

radiation dose exposure of the patient, and prevention of 

adjacent anatomical structure superpositions.10,11  

In the literature, there are studies using CBCT to determine 

the articular eminence slope and condyle morphology.12-14

Unlike these studies, only patients with Angle Class I 

occlusion were evaluated in our study. Additionally, in this 

study, the anterior and posterior joint spaces were examined 

separately in symptomatic and asymptomatic patients. The 

objective of this research is to evaluate the condylar position 

via CBCT in both a group diagnosed with TMJ disorder and 

an asymptomatic control group. 

Methods 

The present study followed the Principles of the Declaration 

of Helsinki and obtained ethical approval from the Scientific 

Research and Publication Ethics Committee of Nuh Naci 

Yazgan University (Decision no: 2022/8842). The study 

aimed to evaluate condylar position using CBCT in two 

groups consisting of 28 asymptomatic individuals and 28 

patients with TMJ disorders. The Research Diagnostic 

Criteria for Temporomandibular Disorders (RDC/TMD) 

index was used to evaluate the patients.15 

The asymptomatic group was determined as 28 patients 

without TMJ disease and Angle Class I occlusion who were 

examined in the Department of Oral and Maxillofacial 

Radiology at Nuh Naci Yazgan University. This group 

consists of CBCT images taken for various purposes, such as 

implant treatment, evaluation of impacted teeth, and apical 

lesions. The groups were matched for age and gender. 

Patients with orthodontic/TMJ treatment, congenital 

craniofacial anomaly, and trauma history were excluded from 

the study. 

In this study, CBCT scans were acquired using a KaVO OP 

3D Pro scanner manufactured by PaloDEx Group Oy in 

Tuusula, Finland. The scans were obtained with the subjects' 

mouths closed and in the maximum intercuspidation position. 

The exposure settings of the scanner were 90 kV and 8 mA, 

with exposure times ranging from 17.5 to 26.9 seconds. The 

field of view (FOV) used was 13 × 15 cm, and the voxel size 

for the selected left and right TMJ images was 0.320 mm. The 

sagittal slices were measured by maxillofacial radiologists. 

To obtain these slices, a panoramic line was drawn in axial 

slices in accordance with the longitudinal axis of the condyle, 

and the medial pole of the condyle was connected to the 

lateral. Subsequently, sagittal slices were obtained 

perpendicular to the longitudinal axis of the mandibular 

condyle. For measurements, the central sagittal slice spanning 

the condylar midpoint was used as the reference slice. This 

approach allowed for accurate and reliable measurement of 

the condylar position in the CBCT images. 

In this study, various measurements were made on the CBCT 

scans to evaluate the condylar position. The superior joint 

space was calculated as the distance on the true horizontal line 

from the highest point of the condylar head to the superior 

point of the glenoid fossa. Additionally, the anterior and 

posterior joint spaces were measured by drawing tangent 

lines from the highest point of the articular cavity on the 

anterior and posterior surfaces of the condyle. The anterior 

and posterior joint spaces were measured as the closest points 

to the opposing glenoid fossa wall (Fig. 1A). In addition, the 

articular eminence inclination was measured by drawing a 

tangent line from the greatest point of the glenoid fossa to the 

anterior articular eminence inclination and calculating the 

angle between this line and a true horizontal line (Fig. 1B).16

Measurements in CBCT were performed independently at 

different times by two oral and maxillofacial radiologists. 

Observers repeated the measurement of 20% of the sample 

size after one month. The data used in the study were obtained 

by averaging the measurements of two observers. 

Statistical Analysis 

IBM SPSS Statistics software, version 22.0, was used for the 

statistical analysis. The gender distribution of the groups was 

evaluated using the Pearson chi-square test, while the Mann 

Whitney-U test was employed to match the mean age 

between the groups. The normality of the data was evaluated  
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using the Shapiro Wilk test. To perform a comparison of 

quantitative results between the symptomatic and 

asymptomatic groups, a nonparametric test, the Mann 

Whitney-U test, was employed. A p value less than 0.05 was 

statistically significant. A power analysis was also carried out 

to establish the optimum sample size for the investigation. A 

minimum of 28 individuals per group was necessary based on 

an effect size of 0.8, a power level of 0.90, and a 5% error 

level. 

Results 

Literature includes several classifications for interpreting the 

interobserver correlation strength.17 According to these 

classifications, the intra-observer and interobserver 

correlation values obtained in this study were categorized as 

excellent. (Table 1). 

In this study, a total of 56 patients were included, 28 of whom 

were in the symptomatic group (mean age 34.46 ± 9.92 years; 

13 males and 15 females) and 28 of whom were in the 

asymptomatic group (mean age 32.71 ± 9.16 years; 12 males 

and 16 females). There was no statistically significant 

difference in terms of mean age and gender distribution 

between the two groups (p=0.496, p=0.788), as shown in 

Table 2. 

The results of the study revealed that the anterior and 

posterior joint spaces were significantly higher in the 

symptomatic group compared to the asymptomatic group, 

while there was no difference of statistically significant in 

terms of the superior joint space and articular eminence 

inclination values between the two groups. The detailed 

statistical analysis of these results is presented in Table 3. 

Furthermore, in Table 4, the mean values of joint spaces and 

articular eminence angles of the patients in the symptomatic 

group were evaluated according to gender. The results 

indicated that gender did not create a significant difference in 

any parameter (p>0.05). 

Figure 1: A) Cone-beam computed tomography images of measurement of superior, anterior, and posterior joint spaces 1: Superior joint space, 

2: Anterior joint space, 3: Posterior joint space. B) Cone-beam computed tomography image of the articular eminence inclination 

Table 1. The reliability analysis results used to evaluate the intra- and inter-observer agreement of measurements 

Obs 1 Obs 2 Obs 1&2 

Superior Space ICC 0.885 0.923 0.907 

Anterior Space 0.912 0.897 0.915 

Posterior Space 0.925 0.923 0.902 

Articular Eminence Inclination 0.856 0.874 0.884 

ICC: Intraclass correlation coefficient, Obs: Observer 

Table 2. Evaluation of the groups in terms of mean age and gender distribution 

Symptomatic Group Asymptomatic Group t p 

Age Mean ± Sd 34.46 ± 9.92 32.71 ± 9.16 0.685 0.496a 

Gender N (%) 28 (50.00) 28 (50.00) 

0.072 0.788b    Female 15 (26.78) 16 (28.57) 

   Male 13 (23.21) 12 (21.42) 

a: Pearson Chi-square test, b: Student t test, N: Number, Sd: Standard deviation, t: Test statistic value 
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Table 3. Temporomandibular joint variables in asymptomatic and symptomatic groups 

Groups N Mean ± Sd Median (Min-Max) p value 

Superior space (mm) 
Asymptomatic 28 3.31 ± 0.50 3.13 (2.70-4.65) 

0.101 
Symptomatic 28 3.04 ± 0.79 2.90 (1.40-5.10) 

Anterior space (mm) 
Asymptomatic 28 2.13 ± 0.30 2.05 (1.70-3.05) 

<0.001* 
Symptomatic 28 2.87 ± 0.65 2.75 (1.80-4.80) 

Posterior space (mm) 
Asymptomatic 28 2.09 ± 0.30 2.05 (1.65-2.85) 

0.043* 
Symptomatic 28 2.36 ± 0.69 2.28 (1.15-4.55) 

Articular eminence inclination 
Asymptomatic 28 42.24 ± 3.70 43.08 (35.50-48.40) 

0.268 
Symptomatic 28 39.57 ± 6.98 41.10 (23.25-48.40) 

Max: Maximum, Min: Minimum, N: Number of patients, Sd: Standard deviation, *: p<0.05 

Table 4. Temporomandibular joint variables in symptomatic group according to gender 

Groups N Mean ± Sd Median (Min-Max) p value 

Superior space (mm) 
Female 15 2.84 ± 0.71 2,80 (1.40-4.25) 

0.154 

Male 13 3.26 ± 0.83 3.05 (1.95-5.10) 

Anterior space (mm) 
Female 15 2.83 ± 0.66 2.75 (1.80-4.50) 

0.782 

Male 13 2.91 ± 0.65 2.75 (2.25-4.80) 

Posterior space (mm) 
Female 15 2.38 ± 0.86 2.30 (1.15-4.55) 

0.855 
Male 13 2.33 ± 0.50 2.25 (1.65-3.65) 

Articular eminence inclination 
Female 15 37.50 ± 7.64 39.25 (23.25-45.90) 

0.094 
Male 13 41.94 ± 5.49 43.90 (30.90-48.40) 

Max: Maximum, Min: Minimum, N: Number of patients, Sd: Standard deviation 

Discussion 

Various imaging methods are utilized in research on the TMJ. 

Even though magnetic resonance imaging is considered the 

gold standard for visualizing the soft tissue structures of the 

TMJ, CBCT has its own advantages. CBCT is more widely 

available, less expensive, and more accurate in demonstrating 

the hard tissue components of the TMJ.9 Consequently, it has 

become a widely accepted imaging technique for assessing 

the TMJ. 

The location of the mandibular condyle inside the glenoid 

fossa is an important element in TMJ problem diagnosis. 

Numerous studies in the literature have investigated the 

association between eccentric condyle location within the 

glenoid fossa and TMJ disorders.18,19 In this study, we 

focused on two groups of asymptomatic and symptomatic 

patients. In CBCT images, anterior space, superior space, 

posterior space, and articular eminence inclination were 

evaluated together. Likewise, unlike the literature, 

measurements were made only in Angle Class I patient. 

Ikeda et al.20 conducted a study in which they assessed the 

condyle position on CBCT images of 22 asymptomatic 

patients with a mean age of 18 years. They reported that the 

superior, anterior, and posterior joint spaces were 2.5 ± 0.5 

mm, 1.3 ± 0.2 mm, and 2.1 ± 0.3 mm, respectively. It is worth 

mentioning that variations in mean age and racial features 

across the research groups may explain for the disparities in 

joint range values seen between our study and theirs in 

asymptomatic individuals. 

There are studies in the literature evaluating the existence of 

a relationship between condyle position and gender.21-23

Solberg et al.21 reported a significant gender difference in 

condyle width in patients with TMJ disorders. Al-Koshab et 

al.22 also found that condyle width was greater in male than 

in female in CBCT studies. Similarly, in the CBCT study of 

Yasa et al.23 significant differences were observed between 

joint space and articular eminence inclination and gender. 

However, no significant difference was found between the 

genders in our study. This may be due to differences in study 

populations or sample sizes. 

There are also studies evaluating the condyle position with 

computed tomography and magnetic resonance imaging in 

patients with TMJ disorders.24,25 In a study conducted by 

Christiansen et al.24, the condylar position was evaluated 

using computed tomography in 25 patients, and they observed 

that the superior and anterior joint spaces were larger than 

normal in TMJs with internal disorders. The findings of our 

study, which also aimed to assess the condylar position using 

CBCT, are in agreement with the literature, as the anterior 

joint space value was significantly higher in symptomatic 

patients. In the study by İncesu et al.25, which examined 122 

TMJs of 61 patients with TMJ disorders, the posterior 

condyle position was identified as the main feature of TMJs 

with mild to moderate anterior disc displacement. Similarly, 

in our study, the posterior joint space value was found to be 

significantly higher in symptomatic patients, consistent with 

the literature. 

Imanimoghaddam et al.16 conducted a study using CBCT to 

evaluate 50 patients, 25 of whom were controls and 25 of 

whom had TMJ disorders. The study found an increase in the 

anterior joint space in patients with TMJ disorders. In our 

study, it was observed that the anterior space value was 

significantly higher in symptomatic patients, in line with the 

findings reported in the literature, despite the differences in 

populations. 

This study has several limitations. CBCT images of a limited 

number of patients were studied. With this, not all patients in 

the symptomatic patient group had the same complaints. 

Additionally, two observers made the measurements. It can 

be studied with a large and homogeneous patient group with 

more observers.  

Consistent with previous studies, the findings of this study 

indicate that articular eminence inclination is more prominent 

in patients with TMJ disorder than in asymptomatic 

individuals. These findings suggest that TMJ disorder may be 

related to the position of the condyle in the joint. The data 

presented in this study may improve our understanding of the 

anatomical variations between individuals without TMJ 

disorder and those with TMJ disorders.  
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Conclusion 

As supported in the literature, significant changes in condyle 

position were observed in patients with TMJ disorder in this 

study. CBCT imaging provides valuable information that can 

be used to diagnose patients with TMJ disorder. However, 

further advanced studies with larger populations are needed 

to generalize and improve the results. 
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