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ABSTRACT

Objective: Investigate the relationship between age, gender and dental status with changes in the 
osseous structures of the TMJ. 

Material and Methods: The study included 110 CBCT images of patients. According to age, the CBCT 
images of patients were divided into three groups: 20-40 years old, 40-60 years old, group over 60 years 
old. According to dental status, the images of patients were divided according to the Eichner's 
classification I, II and III. Analysis and measurements, vertical, linear and angular were performed on 
CBCT images: condylar morphology, medio-lateral and antero-posterior width condyles, height and 
inclination of the articular eminence and depth of the glenoid fossa. 

Results: One-way ANOVA revealed no statistically significant differences in any TMJ measurements 
across Eichner classes I, II, and III and between the different age groups. Significant difference was 
observed for antero-posterior condylar width between the age groups (p = 0.016). Males showed 
significantly greater medio-lateral condylar width (p = 0.0006), as well as a larger articular eminence 
height and inclination (p = 0.003, p = 0.006,), and a greater glenoid fossa depth (p = 0.0036) compared to 
females. Coronal morphology was not significantly associated with sex and age. Sagittal condylar 
morphology showed a trend toward statistical significance in relation to age (p = 0.055). 

Conclusion: Antero-posterior condylar width was significantly shorter with increasing age. Men showed 
significantly greater medio-lateral condyle width, articular eminence height and inclination, and greater 
glenoid fossa depth in relation to women. Dental status classified according to Eichner showed no 
measurable association with temporomandibular joint morphology in this sample. Only sagittal condylar 
morphology showed a trend toward statistical significance with respect to age.

Keywords: Tooth loss, Temporomandibular joint, Articular eminence, Condyle morphology, Cone-Beam 
Computed Tomography 
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Introduction

The temporomandibular joint (TMJ) is a specific 

joint of vital importance, as it enables mandibular 

movements during mastication, swallowing, and 

speech. Any morphological or functional alteration 

leads to disruption of normal function. Throughout life, 

continuous adaptation and remodeling of these 

structures occur. The process of physiological 

remodeling represents the TMJ's response to 

masticatory forces and loading [1, 2]. Furthermore, the 

process of remodeling of the mandibular condyles and 

associated osseous changes may be response to 

degenerative alterations within the temporomandi-

bular joint (TMJ) [3–5].

Cone-Beam Computed Tomography (CBCT) is the 

method of choice for assessing and diagnosing 

morphological changes of the TMJ, providing accurate 

and precise analysis of osseous structures and detailed 

information on all present pathological processes [6]. 

Morphological changes of the TMJ associated with 

excessive loading or tooth loss remain a subject of 

ongoing research. The articular eminence, as the 

anterior border of the articular surface of the 

mandibular fossa influences the kinematics of the joint 

through its shape and size and determines the 

inclination of the condylar path. Its morphological 

change can be associated with dental status [7].

Previous studies have shown that patients with loss 

of posterior tooth may have changes in terms of the 

inclination of the articular eminence and the reduction 

of the depth of the glenoid fossa [8–10]. Changes in the 

dental status increase the loading on the condyle and 

articular eminence, resulting in structural changes of 

the TMJ in terms of functional adaptation or functional 

disorders [11]. While some studies report a steeper 

articular eminence and greater depth and height of the 

mandibular fossa in patients with temporomandibular 

disorders (TMD), other studies indicate that 

individuals without TMD present with a steeper 

articular eminence [12, 13]. Changes in the osseous 

structures of the temporomandibular joint, anatomical 

and functional as well as the inclination of the 

mandibular condyle, may be associated with 

dislocation of the articular disc ]14,  15].

The aim of the study is to investigate the relationship 

between age, sex and dental status with changes in the 

osseous structures of the temporomandibular joint.

Subjects and methods

In this retrospective study, the sample consists of 
CBCT images of patients, who were previously 
recorded for diagnostics, therapy and treatment 
planning, archived in the database of the Radiology 
Department of the Faculty of Dentistry, University of 
Sarajevo. The Ethical committee of the Faculty of 
Dentistry University of Sarajevo issued its approval of 
this research under no: 02-3-4-19-2-2/2023. The 
study included 110 CBCT images of patients from the 
Bosnian-Herzegovinian population. According to age, 
the CBCT images of patients were divided into three 
groups:

group 20-40 years old, group 40-60 years old and 
group over 60 years old.

According to dental status, the images of patients 
were divided according to the Eichner's classification:

> Class I - antagonistic contact of teeth exists in 
all four supporting zones,

> Class II - antagonistic contact of teeth exists in 
one, two or three supporting zones or only in 
the area of  the frontal teeth

> Class III – absence of antagonistic occlusal 
contact in the supporting zones with a few 
remaining teeth or complete edentulism in one 
or both jaws.

CBCT images showing fractures or pathological 
processes on the structures of the temporo-
mandibular joint and mandible, as well as 
developmental anomalies were excluded from 
the study. Also, images of patients younger 
than 20 years were not included due to 
incomplete growth. The imaging was 
performed using a Galileos Comfort plus 
(Sirona Dental Company, Germany). The field 
of view (FOV) was a spherical volume of 15.4 
cm, collimated to 15 × 8.5 cm, with an 
operating voltage of 98 kV, current of 3–6 mA, 
exposure time of 14 s, and isotropic voxel size 
of 0.25/0.125 mm. The recording was 
performed with the mouth closed. The 
patient's head was positioned so that the 
Frankfurt plane was parallel to the floor. CBCT 
images were placed in the position of 
multiplanar reconstruction - MPR ensuring 
that sections were analyzed in accordance 
with the correctly positioned head of the 
patient and the area of analysis. CBCT images 
were analyzed and measured in sagittal, 
coronal and axial sections. For data analysis 
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and measurements, Sidexix 4 software for 
diagnostics and three-dimensional treatment 
planning was used.

Analysis and measurements, vertical, horizontal 
linear and angular were performed on CBCT 
images:

1. Condylar morphology was analyzed in coronal 
and sagittal sections. The coronal plane was 
aligned parallel to the long axis of the condyle, 
and the sagittal plane was oriented 
perpendicular to the coronal plane. Condyles 
were classified as convex, round, flat, angular, 
or irregular in shape in the coronal plane [16, 
17]. In the sagittal plane, condyles were 
classified as round and flat [18].

2. Medio-lateral (ML) width of the right and left 
condyles was measured in the coronal section 
from the point of the medial to the point of the 
lateral pole of the condyle at the widest section 
of the condyle.

3. Antero-posterior (AP) width of the right and 
left condyles was measured in the sagittal 
section from the most anterior to the most 
posterior point of the widest condylar section. 
The sagittal section evaluated where the 
mediolateral width of the condyle was the 
greatest on the axial section, which represents 
the reference [19, 20]. 

4. Height and inclination of the articular 
eminence were measured in the sagittal 
section. The axial section where the widest 
mediolateral diameter of the condyle was used 
as a reference for the reconstruction of the 
sagittal section. The height of the articular 
eminence was measured as the vertical 
distance between the lines passing through 
the highest point of the glenoid fossa and the 
lowest point of the articular eminence. The 
inclination of the articular eminence was 
determined as the angle between the plane 
passing through the highest point of the 
glenoid fossa and the lowest point of the top of 
the articular eminence with the Frankfurt 
horizontal. Measurements were made on the 
central sagittal section of the condyle [20, 21].

5. Depth of the glenoid fossa was measured as 
the vertical distance between the highest point 
of the glenoid fossa and the line passing 
through the lowest point of the articular 
eminence and postglenoid process [12]. 

 

Statistical methods of data analysis

Descriptive statistics were calculated for all 
demographic and morphometric variables. To 
compare the right and left temporomandibular joint 
(TMJ) measurements paired t-tests were used.

Morphometric differences between age groups 
were analyzed with a one-way ANOVA. Sex-related 
differences in TMJ measurements were checked using 
independent-samples Welch's t-tests, which seemed 
more appropriate due to some unequal variances. The 
effect of dental status, classified by the Eichner index 
(I–III), on TMJ morphology was also examined using 
one-way ANOVA, and Tukey's post-hoc tests were 
applied when needed. Associations between 
categorical variables, including condylar morphology 
(both coronal and sagittal) and sex, age group, or 
Eichner class, were evaluated with chi-square tests. 
Pearson's correlation coefficients were computed to 
explore linear relationships between selected 
morphometric variables—specifically AP width with 
fossa depth, eminence angle with fossa depth, and ML 
width with the eminence angle. These correlations 
were checked just to see if they moved together in any 
meaningful way.

A multiple linear regression model was used to 
assess the combined influence of sex, age group, 
Eichner classification, and glenoid fossa depth on the 
articular eminence angle. Model diagnostics were 
inspected, though briefly, and explanatory strength 
was reported using adjusted R². In addition, a 
multinomial logistic regression was performed to 
determine whether sex, age group, and Eichner 
classification predicted the different coronal condylar 
morphology types, using the round shape as the 
reference. Odds ratios (ORs) with 95% confidence 
intervals were presented, but results for the irregular 
morphology type were interpreted cautiously because 
it appeared very rarely. A significance level of p < 0.05 
was considered statistically important for all analyses. 
All statistical procedures were carried out using R 
software (version 4.1.2)

Results

In this study, the sample included CBCT images of 
110 patients, 220 temporomandibular joints and 
1.540 measurements. Of the total, 45 (40.9%) were 
men and 65 (59.1%) were women. According to age 
groups, the group of 20-40 years included 22 (20%) 
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and measurements, Sidexix 4 software for 
diagnostics and three-dimensional treatment 
planning was used.

Analysis and measurements, vertical, horizontal 
linear and angular were performed on CBCT 
images:

1. Condylar morphology was analyzed in coronal 
and sagittal sections. The coronal plane was 
aligned parallel to the long axis of the condyle, 
and the sagittal plane was oriented 
perpendicular to the coronal plane. Condyles 
were classified as convex, round, flat, angular, 
or irregular in shape in the coronal plane [16, 
17]. In the sagittal plane, condyles were 
classified as round and flat [18].

2. Medio-lateral (ML) width of the right and left 
condyles was measured in the coronal section 
from the point of the medial to the point of the 
lateral pole of the condyle at the widest section 
of the condyle.

3. Antero-posterior (AP) width of the right and 
left condyles was measured in the sagittal 
section from the most anterior to the most 
posterior point of the widest condylar section. 
The sagittal section evaluated where the 
mediolateral width of the condyle was the 
greatest on the axial section, which represents 
the reference [19, 20]. 

4. Height and inclination of the articular 
eminence were measured in the sagittal 
section. The axial section where the widest 
mediolateral diameter of the condyle was used 
as a reference for the reconstruction of the 
sagittal section. The height of the articular 
eminence was measured as the vertical 
distance between the lines passing through 
the highest point of the glenoid fossa and the 
lowest point of the articular eminence. The 
inclination of the articular eminence was 
determined as the angle between the plane 
passing through the highest point of the 
glenoid fossa and the lowest point of the top of 
the articular eminence with the Frankfurt 
horizontal. Measurements were made on the 
central sagittal section of the condyle [20, 21].

5. Depth of the glenoid fossa was measured as 
the vertical distance between the highest point 
of the glenoid fossa and the line passing 
through the lowest point of the articular 
eminence and postglenoid process [12]. 
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subjects, the group of 40-60 years 66 (60%) and the 
group over 60 years 22 (20%). According to dental 
status (Eichner class) group I included 30 (27.3%), 
group II 45 (40.9%) and group III 35 (31.8%) images.

No statistically significant differences were found 
between the right and left sides of TMJ for any of the 
parameters that were analyzed (p > 0.05). The 
distribution of values for each parameter is shown in 
Figure 1.

One-way ANOVA revealed no statistically significant 
differences in any temporomandibular joint 
measurements across Eichner classes I, II, and III 
(Table 1). Follow-up Tukey post-hoc comparisons 
confirmed the absence of pairwise differences 
between any Eichner groups (all adjusted p > 0.12) 
(Table 2). These findings indicate that tooth loss 
classification according to Eichner did not show 
measurable association with TMJ morphology in this 
sample.

The one-way ANOVA showed no statistically 
significant differences between the different age 
groups for medio-lateral condylar width, articular 
eminence height and inclination, or the depth of the 
glenoid fossa (p > 0.05). However, a statistically 
significant difference was observed for antero-
posterior condylar width between the age groups (F = 
4.29, p = 0.016), suggesting that AP condylar 
dimensions may change with increasing age. The 
distribution of AP condylar width in relation to age 
groups is illustrated in Figure 2. Tukey post-hoc 
analysis revealed that AP condylar width is 
significantly shorter in age group 60+ compared to 40-
60 (p = 0.014), while differences between other age 
groups are not statistically significant.

Males showed significantly greater medio-lateral 
condylar width (p = 0.0006), as well as a larger 
articular eminence height and inclination (p = 0.003 
and p = 0.006, respectively), and also greater glenoid 
fossa depth (p = 0.0036) when compared to females. 
On the other hand, no statistically significant difference 
was noted in the antero-posterior condylar width 
between the two sexes (p > 0.05) (Table 3). Boxplot 
figures of the parameters that showed significant 
differences between males and females are presented 
in Figure 3.

The analysis of the distribution of condylar 
morphology in the coronal plane with different dental 
status showed in Eichner class I, the most common 
forms of condyles were round and angular (41.38%, 
41.38%) for the right TMJ and left TMJ (40.00%, 
33.33%). In class II, the most common shape was 

angular on the right condyle (34.09%), followed by 
round and flat shape equally (27.27%), while on the 
left side of the TMJ the most common shape was flat 
condyle (40.00%), followed by round and angular 
shape equally (26.67%). In Class III, the flat shape of 
the condyle for the right and left TMJ was dominantly 
present (44.12% and 41.18%). In the sagittal plane, 
the dominant shape of the condyles of the right and left 
TMJ with different dental status was round, class I 
(83.33%,83.33%), class II (73.33%,71.11%), class III 
(65.71,62.86%). There was no statistically significant 
association between coronal and sagittal condylar 
morphology and Eichner classification (χ² = 11.68 p = 
0.166), (χ² = 2.59, p = 0.274), (χ² (2) = 3.37, p = 0.186).

There was no statistically significant association 
between coronal condylar morphology and sex (χ² = 
5.52, p = 0.24). In a similar way, coronal morphology 
was also not significantly associated with age group (χ² 
= 12.98, p = 0.11). However, sagittal condylar 
morphology showed a trend toward statistical 
significance in relation to age (p = 0.055). The 

percentage distribution of different condylar shapes 
according to sex and age groups is shown in Tables 4 
and 5.

A moderate positive correlation was found between 
antero-posterior condylar width and glenoid fossa 
depth (r = 0.255, p = 0.007), as well as between 
articular eminence inclination and fossa depth (r = 
0.271, p = 0.004). In addition, a significant positive 
correlation was also observed between medio-lateral 
condylar width and articular eminence inclination (r = 
0.254, p = 0.007). The correlation coefficients and 
related p-values are presented in Table 6.

A multiple linear regression model was constructed 
to evaluate the combined influence of sex, age group, 
Eichner classification, and glenoid fossa depth on 
articular eminence inclination. This model excluded 
medio-lateral and antero-posterior condylar width, in 
accordance with anatomical considerations indicating 
that condylar size does not directly determine 
eminence inclination.

The overall model was statistically significant (F = 
2.32, p = 0.039), explaining 11.9% of the variance in 
articulation eminence inclination (adjusted R² = 
0.068). Among the included predictors, only glenoid 
fossa depth showed a statistically significant effect on 
articular eminence inclination (β = 1.21, p = 0.033). A 
deeper fossa is associated with a steeper articular 
eminence slope. Sex showed a trend toward 
significance (p = 0.054), with males tending to exhibit 
slightly steeper eminence inclinations, although this 
did not reach the conventional 0.05 level. Age group 
and Eichner classification were not significant 
predictors (all p > 0.40) (Table 7.).
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Figure 1. 
Right and left TMJ (AP condyle width, eminence inclination, 
eminence height, glenoid fossa depth, ML condyle width)

Parameter
Eichner I 

(mean ± SD)
Eichner II 

(mean ± SD)
Eichner III 

(mean ± SD)
p

ML width (mm)

AP width (mm)

Eminence height (mm)

Eminence angle (°)

Fossa depth (mm)

16.33 ± 2.13

7.38 ± 0.92

8.14 ± 1.12

46.28 ± 7.01

8.46 ± 1.22

16.52 ± 2.05

7.59 ± 0.91

8.21 ± 1.11

46.20 ± 7.18

8.54 ± 1.22

16.39 ± 2.09

7.48 ± 0.89

8.18 ± 1.12

46.05 ± 7.18

8.45 ± 1.21

0.629

0.119

0.873

0.962

0.755

Table 1. 
TMJ morphology according to Eichner classification 

(mean ± SD, with ANOVA p-values)
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Figure 3. 
Sex differences in TMJ

Parameter
Male 

mean ± SE
Female 

mean ± SE
Mean 

difference
p95% CI

ML width

AP width

Eminence 
height

Eminence 
angle

Fossa depth

17.22 ± 0.32

7.60 ± 0.13

8.54 ± 0.164

48.41 ± 1.06

8.89 ± 0.19

115.82 ± 0.23

7.38 ± 0.12

7.89 ± 0.128

44.65 ± 0.83

8.19 ± 0.14

0.61 – 2.18

-0.14 – 0.57

0.23 – 1.06

1.08 – 6.45

0.23 – 1.17

0.001

0.231

0.003

0.006

0.003

1.40

0.22

0.65

3.77

0.70

Table 3. 
Sex differences in temporomandibular  joint 

parameters (ML width, eminence angle, and fossa depth).

Figure 2. 
Antero-posterior condylar width according to age group
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Parameter Comparison
Mean 

difference 95% CI p

ML means

AP means

Eminence height 
means

Eminence angle 
means

Fossa depth 
means

II-I

III-I

III-II

II-I

III-I

III-II

II-I

III-I

III-II

II-I

III-I

III-II

II-I

III-I

III-II

0.347

0.492

0.145

-0.132

-0.458

-0.325

-0.107

0.009

0.116

0.464

0.336

-0.127

-0.219

-0.125

0.094

-0.826-1.521

-0.747-1.731

-0.977-1.267

-0.651-0.387

-1.006-0.09

-0.822-0.171

-0.728-0.514

-0.646-0.665

-0.478-0.71

-3.551-4.479

-3.902-4.574

-3.966-3.712

-0.912-0.474

-0.857-0.607

-0.569-0.757

0.762

0.614

0.950

0.818

0.121

0.268

0.912

0.999

0.888

0.959

0.98

10.997

0.734

0.913

0.939

Table 2. 
Tukey post-hoc comparisons 

between Eichner classes for all TMJ parameters

10

CBCT ANALYSIS OF MORPHOLOGICAL AND ANTHROPOMETRIC PARAMETERS OF THE TEMPOROMANDIBULAR JOINT IN PATIENTS WITH DIFFERENT DENTAL STATUS Strujić - Porović S, Ajanović M, Tosum Pošković S, Kazazić L, Gavranović Glamoč A, Berhamović L, Zukić S, Dervišević A, Palac K, KamberA



12 13Stomatološki vjesnik 2025; 14 (2)Stomatološki vjesnik 2025; 14 (2)

subjects, the group of 40-60 years 66 (60%) and the 
group over 60 years 22 (20%). According to dental 
status (Eichner class) group I included 30 (27.3%), 
group II 45 (40.9%) and group III 35 (31.8%) images.

No statistically significant differences were found 
between the right and left sides of TMJ for any of the 
parameters that were analyzed (p > 0.05). The 
distribution of values for each parameter is shown in 
Figure 1.

One-way ANOVA revealed no statistically significant 
differences in any temporomandibular joint 
measurements across Eichner classes I, II, and III 
(Table 1). Follow-up Tukey post-hoc comparisons 
confirmed the absence of pairwise differences 
between any Eichner groups (all adjusted p > 0.12) 
(Table 2). These findings indicate that tooth loss 
classification according to Eichner did not show 
measurable association with TMJ morphology in this 
sample.

The one-way ANOVA showed no statistically 
significant differences between the different age 
groups for medio-lateral condylar width, articular 
eminence height and inclination, or the depth of the 
glenoid fossa (p > 0.05). However, a statistically 
significant difference was observed for antero-
posterior condylar width between the age groups (F = 
4.29, p = 0.016), suggesting that AP condylar 
dimensions may change with increasing age. The 
distribution of AP condylar width in relation to age 
groups is illustrated in Figure 2. Tukey post-hoc 
analysis revealed that AP condylar width is 
significantly shorter in age group 60+ compared to 40-
60 (p = 0.014), while differences between other age 
groups are not statistically significant.

Males showed significantly greater medio-lateral 
condylar width (p = 0.0006), as well as a larger 
articular eminence height and inclination (p = 0.003 
and p = 0.006, respectively), and also greater glenoid 
fossa depth (p = 0.0036) when compared to females. 
On the other hand, no statistically significant difference 
was noted in the antero-posterior condylar width 
between the two sexes (p > 0.05) (Table 3). Boxplot 
figures of the parameters that showed significant 
differences between males and females are presented 
in Figure 3.

The analysis of the distribution of condylar 
morphology in the coronal plane with different dental 
status showed in Eichner class I, the most common 
forms of condyles were round and angular (41.38%, 
41.38%) for the right TMJ and left TMJ (40.00%, 
33.33%). In class II, the most common shape was 

angular on the right condyle (34.09%), followed by 
round and flat shape equally (27.27%), while on the 
left side of the TMJ the most common shape was flat 
condyle (40.00%), followed by round and angular 
shape equally (26.67%). In Class III, the flat shape of 
the condyle for the right and left TMJ was dominantly 
present (44.12% and 41.18%). In the sagittal plane, 
the dominant shape of the condyles of the right and left 
TMJ with different dental status was round, class I 
(83.33%,83.33%), class II (73.33%,71.11%), class III 
(65.71,62.86%). There was no statistically significant 
association between coronal and sagittal condylar 
morphology and Eichner classification (χ² = 11.68 p = 
0.166), (χ² = 2.59, p = 0.274), (χ² (2) = 3.37, p = 0.186).

There was no statistically significant association 
between coronal condylar morphology and sex (χ² = 
5.52, p = 0.24). In a similar way, coronal morphology 
was also not significantly associated with age group (χ² 
= 12.98, p = 0.11). However, sagittal condylar 
morphology showed a trend toward statistical 
significance in relation to age (p = 0.055). The 

percentage distribution of different condylar shapes 
according to sex and age groups is shown in Tables 4 
and 5.

A moderate positive correlation was found between 
antero-posterior condylar width and glenoid fossa 
depth (r = 0.255, p = 0.007), as well as between 
articular eminence inclination and fossa depth (r = 
0.271, p = 0.004). In addition, a significant positive 
correlation was also observed between medio-lateral 
condylar width and articular eminence inclination (r = 
0.254, p = 0.007). The correlation coefficients and 
related p-values are presented in Table 6.

A multiple linear regression model was constructed 
to evaluate the combined influence of sex, age group, 
Eichner classification, and glenoid fossa depth on 
articular eminence inclination. This model excluded 
medio-lateral and antero-posterior condylar width, in 
accordance with anatomical considerations indicating 
that condylar size does not directly determine 
eminence inclination.

The overall model was statistically significant (F = 
2.32, p = 0.039), explaining 11.9% of the variance in 
articulation eminence inclination (adjusted R² = 
0.068). Among the included predictors, only glenoid 
fossa depth showed a statistically significant effect on 
articular eminence inclination (β = 1.21, p = 0.033). A 
deeper fossa is associated with a steeper articular 
eminence slope. Sex showed a trend toward 
significance (p = 0.054), with males tending to exhibit 
slightly steeper eminence inclinations, although this 
did not reach the conventional 0.05 level. Age group 
and Eichner classification were not significant 
predictors (all p > 0.40) (Table 7.).
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Figure 1. 
Right and left TMJ (AP condyle width, eminence inclination, 
eminence height, glenoid fossa depth, ML condyle width)

Parameter
Eichner I 

(mean ± SD)
Eichner II 

(mean ± SD)
Eichner III 

(mean ± SD)
p

ML width (mm)

AP width (mm)

Eminence height (mm)

Eminence angle (°)

Fossa depth (mm)

16.33 ± 2.13

7.38 ± 0.92

8.14 ± 1.12

46.28 ± 7.01

8.46 ± 1.22

16.52 ± 2.05

7.59 ± 0.91

8.21 ± 1.11

46.20 ± 7.18

8.54 ± 1.22

16.39 ± 2.09

7.48 ± 0.89

8.18 ± 1.12

46.05 ± 7.18

8.45 ± 1.21

0.629

0.119

0.873

0.962

0.755

Table 1. 
TMJ morphology according to Eichner classification 

(mean ± SD, with ANOVA p-values)

10
50

60

40

30

21

18

15

12

Sex
FemaleMale

AP condyle width (mm)

ML condyle width (mm)Glenoid fossa deptth (mm)

Eminence angle (°) Eminence height (mm)

Male

Male

Female

Female

V
al

u
e

9

10

12

10

8

6

8
8

6

7

6

5

Figure 3. 
Sex differences in TMJ

Parameter
Male 

mean ± SE
Female 

mean ± SE
Mean 

difference
p95% CI

ML width

AP width

Eminence 
height

Eminence 
angle

Fossa depth

17.22 ± 0.32

7.60 ± 0.13

8.54 ± 0.164

48.41 ± 1.06

8.89 ± 0.19

115.82 ± 0.23

7.38 ± 0.12

7.89 ± 0.128

44.65 ± 0.83

8.19 ± 0.14

0.61 – 2.18

-0.14 – 0.57

0.23 – 1.06

1.08 – 6.45

0.23 – 1.17

0.001

0.231

0.003

0.006

0.003

1.40

0.22

0.65

3.77

0.70

Table 3. 
Sex differences in temporomandibular  joint 

parameters (ML width, eminence angle, and fossa depth).

Figure 2. 
Antero-posterior condylar width according to age group
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Table 2. 
Tukey post-hoc comparisons 

between Eichner classes for all TMJ parameters
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These findings support the anatomical assumption 
that vertical skeletal morphology (fossa depth) plays a 
key role in shaping the articular eminence, whereas 
condylar width and tooth-loss status do not provide 
additional explanatory value.

In addition, multinomial logistic regression analysis 
did not identify any statistically significant predictors 
for the other coronal shape categories. The irregular 
shape category was not included in the main 
interpretation because of unstable estimates caused by 
its low frequency in the sample. The results for this 
analysis are presented in Table 8.

Model assumptions were verified through 
inspection of residual and Q–Q plots. Multicollinearity 

was assessed using variance inflation factors (VIF), 
which remained below 5 for all predictors. 
Homoscedasticity and linearity were additionally 
verified through residual vs fitted plots.

Discussion

In this retrospective study, CBCT images of women 
were more prevalent than men, aged 40-60 years. 
According to dental status, the most prevalent subjects 
were group II classified according to Eichner with 
preserved support zones, but not in all four zones, 
followed by subjects with a small number of remaining 
teeth with loss of support zones of group III, and 
subjects of control group I with contact of teeth in all 
four support zones.

No statistically significant differences were found 
between the right and left sides of TMJ for any of the 
parameters that were analyzed (p > 0.05) (Figure 1.)

These findings indicate that dental status as 
classified by Eichner showed no measurable 
association with temporomandibular joint  
morphology in this sample (Table 1 and Table 2.). 

Chen et al. [22] in a study conducted on CBCT 
images showed that subjects divided according to 
Kenedy classes with unilateral and bilateral tooth loss 
and the control group had a larger medio-lateral width 
of the condyle, a shallower glenoid fossa and a smaller 
inclination of the articular eminence compared to the 
results of this study. Also, they proved that there is no 

Round Predictor

Round

Variables

Convex
Estimate 

(β) Outcome

Convex

Flat Std. Error Predictor

Flat

r

Irregular p-value OR (95%CI)

Irregular

P

Angular T B SE

Angular

Male

Female

Intercept

Sex (Female)

Age 40–60 (20-40)

Age 60+ (20-40)

Eichner II (I)

Eichner III (I)

Fossa depth (mm)

Convex

Flat

Angular

20 - 40

40 - 60

60+

AP width – Fossa depth

Eminence angle – Fossa depth

ML width – Eminence angle

31.1

32.7

38.1

35.9

13.6

2.2

9.7

36.56

−2.76

1.38

1.95

0.06

−0.83

1.21

(Intercept)

Female (Male)

40-60 (20-40)

60+ (20-40)

Eichner II (I)

Eichner III (I)

(Intercept)

Female (Male)

40-60 (20-40)

60+ (20-40)

Eichner II

Eichner III

(Intercept)

Female (Male)

40-60 (20-40)

60+(20-40)

Eichner II (I)

Eichner III (I)

-2.656

1.489

-0.68

2.339

0.18

-1.498

-1.359

-0.293

0.243

1.284

1.195

1.326

-0.153

0.194

0.048

1.059

0.094

-0.53

9.5

3.1

13.6

28.9

35.5

6.82

−1.95

0.75

0.81

0.04

−0.42

2.16

38.1

32.8

27.3

2.2

0.0

<0.001

0.054

0.455

0.422

0.971

0.676

0.033

1.39

1.185

1.159

1.462

1.157

1.631

0.892

0.534

0.809

1.07

0.793

0.844

0.657

0.508

0.628

0.992

0.593

0.717

0.056

0.209

0.558

0.109

0.876

0.359

0.127

0.583

0.764

0.230

0.132

0.116

0.816

0.703

0.939

0.286

0.874

0.460

0.07 (0.005-1.07)

4.434 (0.435-45.24)

0.507 (0.052-4.918)

10.375 (0.591-182.03)

1.198 (0.124-11.562)

0.224 (0.009-5.475)

0.257 (0.045-1.474)

0.746 (0.262-2.125)

1.276 (0.261-6.233)

3.609 (0.444-29.366)

3.303 (0.699-15.614)

3.766 (0.72-19.699)

0.858 (0.237-3.109)

1.214 (0.449-3.284)

1.049 (0.306-3.596)

2.882 (0.413-20.131)

1.099 (0.344-3.512)

0.589 (0.144-2.398)

0.0

0.0

4.6

0.0073

0.0042

0.0074

35.6

22.6

5.36

1.42

1.85

2.42

1.75

1.98

0.56

14.3

28.1

40.9

0.255

0.271

0.254

Table 4. 
Distribution of coronal condylar morphology 

according to sex (%)

Table 7. 
Multiple linear regression predicting articular 

eminence inclination

Table 8. 
Multinomial logistic regression analysis of factors associated with coronal condylar morphology

Table 5. 
Distribution of coronal condylar morphology 

according to age group (%)

Table 6. 
Correlation between selected temporomandibular 

joint parameters.

p

significant difference in TMJ morphological 
parameters between the examined groups, which 
corresponds to the findings of this study, but the depth 
of the glenoid fossa of the control group was greater 
than in the group with bilateral and unilateral tooth 
loss, which is not in accordance with the findings of this 
study. The inclination of the articular eminence in this 
study was within the normal value for different dental 
status. It has been proven that there is a connection 
between the inclination of the articular eminence and 
the inclination of the occlusal plane [23]. Articular 
eminences with inclination values <30° are considered 
flat, and articular eminence inclination values >60° are 
considered steep, and may be the cause of TMD [25, 
26].

Previous studies have indicated that age and gender 
can influence the bone morphology of the TMJ [9, 23, 
24]. This study showed that antero-posterior condylar 
width (AP) significantly shorter in the group over 60 
years of age. Considering that age group over 60 years 
old had a dental status without preserved support 
zones, although a direct association was not proven in 

this study due to the small sample, it can be assumed 
that in addition to age, dental status may also have an 
influence on the AP parameter (Figure 2.). 

Males had a greater medio-lateral (ML) condyle 
width, higher and steeper articular eminence and 
deeper glenoid fossa in relation to women but there 
was no difference in AP width (Table 3. and Figure 3.). 
Previous studies have shown that men had higher 
values of height and inclination of the articular 
eminence compared to women [17, 29]. Other studies 
have shown that men have higher morphometric 
values of the condyle and glenoid fossa, but there was 
no difference in the inclination of the articular 
eminence between the sexes [30].

A study that included CBCT analysis of 1820 TMJs 
have shown that the morphology of the condyle in the 
coronal plane was flat in persons with partial and total 
edentulism, and convex in persons with a full set of 
teeth. The flat shape of the condyle was common in 
men, the round shape in women. The authors found a 
significant difference between condylar morphology 
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These findings support the anatomical assumption 
that vertical skeletal morphology (fossa depth) plays a 
key role in shaping the articular eminence, whereas 
condylar width and tooth-loss status do not provide 
additional explanatory value.

In addition, multinomial logistic regression analysis 
did not identify any statistically significant predictors 
for the other coronal shape categories. The irregular 
shape category was not included in the main 
interpretation because of unstable estimates caused by 
its low frequency in the sample. The results for this 
analysis are presented in Table 8.

Model assumptions were verified through 
inspection of residual and Q–Q plots. Multicollinearity 

was assessed using variance inflation factors (VIF), 
which remained below 5 for all predictors. 
Homoscedasticity and linearity were additionally 
verified through residual vs fitted plots.

Discussion

In this retrospective study, CBCT images of women 
were more prevalent than men, aged 40-60 years. 
According to dental status, the most prevalent subjects 
were group II classified according to Eichner with 
preserved support zones, but not in all four zones, 
followed by subjects with a small number of remaining 
teeth with loss of support zones of group III, and 
subjects of control group I with contact of teeth in all 
four support zones.

No statistically significant differences were found 
between the right and left sides of TMJ for any of the 
parameters that were analyzed (p > 0.05) (Figure 1.)

These findings indicate that dental status as 
classified by Eichner showed no measurable 
association with temporomandibular joint  
morphology in this sample (Table 1 and Table 2.). 

Chen et al. [22] in a study conducted on CBCT 
images showed that subjects divided according to 
Kenedy classes with unilateral and bilateral tooth loss 
and the control group had a larger medio-lateral width 
of the condyle, a shallower glenoid fossa and a smaller 
inclination of the articular eminence compared to the 
results of this study. Also, they proved that there is no 
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40-60 (20-40)

60+ (20-40)

Eichner II (I)

Eichner III (I)

(Intercept)

Female (Male)

40-60 (20-40)

60+ (20-40)

Eichner II

Eichner III

(Intercept)

Female (Male)

40-60 (20-40)

60+(20-40)

Eichner II (I)

Eichner III (I)

-2.656

1.489

-0.68

2.339

0.18

-1.498

-1.359

-0.293

0.243

1.284

1.195

1.326

-0.153

0.194

0.048

1.059

0.094

-0.53

9.5

3.1

13.6

28.9

35.5

6.82

−1.95

0.75

0.81

0.04

−0.42

2.16

38.1

32.8

27.3

2.2

0.0

<0.001

0.054

0.455

0.422

0.971

0.676

0.033

1.39

1.185

1.159

1.462

1.157

1.631

0.892

0.534

0.809

1.07

0.793

0.844

0.657

0.508

0.628

0.992

0.593

0.717

0.056

0.209

0.558

0.109

0.876

0.359

0.127

0.583

0.764

0.230

0.132

0.116

0.816

0.703

0.939

0.286

0.874

0.460

0.07 (0.005-1.07)

4.434 (0.435-45.24)

0.507 (0.052-4.918)

10.375 (0.591-182.03)

1.198 (0.124-11.562)

0.224 (0.009-5.475)

0.257 (0.045-1.474)

0.746 (0.262-2.125)

1.276 (0.261-6.233)

3.609 (0.444-29.366)

3.303 (0.699-15.614)

3.766 (0.72-19.699)

0.858 (0.237-3.109)

1.214 (0.449-3.284)

1.049 (0.306-3.596)

2.882 (0.413-20.131)

1.099 (0.344-3.512)

0.589 (0.144-2.398)

0.0

0.0

4.6

0.0073

0.0042

0.0074

35.6

22.6

5.36

1.42

1.85

2.42

1.75

1.98

0.56

14.3

28.1

40.9

0.255

0.271

0.254

Table 4. 
Distribution of coronal condylar morphology 

according to sex (%)

Table 7. 
Multiple linear regression predicting articular 

eminence inclination

Table 8. 
Multinomial logistic regression analysis of factors associated with coronal condylar morphology

Table 5. 
Distribution of coronal condylar morphology 

according to age group (%)

Table 6. 
Correlation between selected temporomandibular 

joint parameters.

p

significant difference in TMJ morphological 
parameters between the examined groups, which 
corresponds to the findings of this study, but the depth 
of the glenoid fossa of the control group was greater 
than in the group with bilateral and unilateral tooth 
loss, which is not in accordance with the findings of this 
study. The inclination of the articular eminence in this 
study was within the normal value for different dental 
status. It has been proven that there is a connection 
between the inclination of the articular eminence and 
the inclination of the occlusal plane [23]. Articular 
eminences with inclination values <30° are considered 
flat, and articular eminence inclination values >60° are 
considered steep, and may be the cause of TMD [25, 
26].

Previous studies have indicated that age and gender 
can influence the bone morphology of the TMJ [9, 23, 
24]. This study showed that antero-posterior condylar 
width (AP) significantly shorter in the group over 60 
years of age. Considering that age group over 60 years 
old had a dental status without preserved support 
zones, although a direct association was not proven in 

this study due to the small sample, it can be assumed 
that in addition to age, dental status may also have an 
influence on the AP parameter (Figure 2.). 

Males had a greater medio-lateral (ML) condyle 
width, higher and steeper articular eminence and 
deeper glenoid fossa in relation to women but there 
was no difference in AP width (Table 3. and Figure 3.). 
Previous studies have shown that men had higher 
values of height and inclination of the articular 
eminence compared to women [17, 29]. Other studies 
have shown that men have higher morphometric 
values of the condyle and glenoid fossa, but there was 
no difference in the inclination of the articular 
eminence between the sexes [30].

A study that included CBCT analysis of 1820 TMJs 
have shown that the morphology of the condyle in the 
coronal plane was flat in persons with partial and total 
edentulism, and convex in persons with a full set of 
teeth. The flat shape of the condyle was common in 
men, the round shape in women. The authors found a 
significant difference between condylar morphology 
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and age. The angular shape was most common 
between 30-59 years of age compared to people 
between 18-29 and people over 60 [27]. In this study, 
the round and angular shape of the condyle were most 
often represented in Eichner class I, in class II angular 
on the right TMJ and flat on the left TMJ, and in Eichner 
class III the flat shape of the condyle was most often 
present, which corresponds to the findings of the 
Yalcin and Ararat. In the sagittal plane, the dominantly 
round shape of the condyle was present in different 
dental statuses. There was no association between 
condylar morphology in the coronal and sagittal planes 
and different dental status according to Eichner. The 
flat condylar shape was most common in men, and the 
angular condylar shape in women, but there was no 
significant association between coronal condylar 
morphology and gender and age. The round shape was 
most common in the 20-40 and 40-60 age groups, and 
the flat shape was most common in those over 60 years 
of age. However, sagittal condylar morphology showed 
a trend towards statistical significance with age (Table 
4 and 5.).

Correlation between AP width of condyle and depth 
of glenoid fossa, then inclination of articular eminence 
and depth of glenoid fossa and ML width of condyle 
and inclination of articular eminence was proven 
(Table 6). A multiple linear regression model showed 
that only glenoid fossa depth had a significant effect on 
articular eminence inclination. Thus, a deeper glenoid 
fossa was associated with a steeper articular eminence 
(Table 7.) Also, a correlation between the inclination of 
the articular eminence and the depth of the glenoid 
fossa was demonstrated in a previous study by 
analyzing MRI of the TMJ [27].

Multinomial logistic regression determined that 
gender, age and Eichner classification did not predict 
different types of coronal condylar morphology (Table 
8.) Contrary to these findings, Arayapisit et al. [5] 
proved the relationship of all the mentioned clinical 
factors with flat condylar morphology.

The limitation of this study is a small sample. Larger 
sample sizes are needed to investigate these 
associations.

Conclusion

Antero-posterior condylar width was significantly 

shorter with increasing age. Men showed significantly 

greater medio-lateral condyle width, articular 

eminence height and inclination, and greater glenoid 

fossa depth in relation to women. Dental status 

classified according to Eichner showed no measurable 

association with temporomandibular joint morpho-

logy in this sample. Only sagittal condylar morphology 

showed a trend toward statistical significance with 

respect to age.

There is no conflict of interest.
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and age. The angular shape was most common 
between 30-59 years of age compared to people 
between 18-29 and people over 60 [27]. In this study, 
the round and angular shape of the condyle were most 
often represented in Eichner class I, in class II angular 
on the right TMJ and flat on the left TMJ, and in Eichner 
class III the flat shape of the condyle was most often 
present, which corresponds to the findings of the 
Yalcin and Ararat. In the sagittal plane, the dominantly 
round shape of the condyle was present in different 
dental statuses. There was no association between 
condylar morphology in the coronal and sagittal planes 
and different dental status according to Eichner. The 
flat condylar shape was most common in men, and the 
angular condylar shape in women, but there was no 
significant association between coronal condylar 
morphology and gender and age. The round shape was 
most common in the 20-40 and 40-60 age groups, and 
the flat shape was most common in those over 60 years 
of age. However, sagittal condylar morphology showed 
a trend towards statistical significance with age (Table 
4 and 5.).

Correlation between AP width of condyle and depth 
of glenoid fossa, then inclination of articular eminence 
and depth of glenoid fossa and ML width of condyle 
and inclination of articular eminence was proven 
(Table 6). A multiple linear regression model showed 
that only glenoid fossa depth had a significant effect on 
articular eminence inclination. Thus, a deeper glenoid 
fossa was associated with a steeper articular eminence 
(Table 7.) Also, a correlation between the inclination of 
the articular eminence and the depth of the glenoid 
fossa was demonstrated in a previous study by 
analyzing MRI of the TMJ [27].

Multinomial logistic regression determined that 
gender, age and Eichner classification did not predict 
different types of coronal condylar morphology (Table 
8.) Contrary to these findings, Arayapisit et al. [5] 
proved the relationship of all the mentioned clinical 
factors with flat condylar morphology.

The limitation of this study is a small sample. Larger 
sample sizes are needed to investigate these 
associations.

Conclusion

Antero-posterior condylar width was significantly 

shorter with increasing age. Men showed significantly 

greater medio-lateral condyle width, articular 

eminence height and inclination, and greater glenoid 

fossa depth in relation to women. Dental status 

classified according to Eichner showed no measurable 

association with temporomandibular joint morpho-

logy in this sample. Only sagittal condylar morphology 

showed a trend toward statistical significance with 

respect to age.
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