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Abstract
Introduction: the temporomandibular joint’s (TMJ) regenerative capability decreases as we age. Edentulism can also be a 
contributing factor. The aim of this study is to correlate the relationship of angle of the articular eminence of the TMJ with 
increasing age and edentulism. 
Materials and Methods:
The Orthopantomogram (OPG) of 45 patients were collected from the archives of Department of Oral Medicine and Radiology, 
JSS Dental college. They were examined in three groups each group containing 15 OPG’s based on age and presence or absence 
of maintained occlusion. The angle of the posterior slope of the articular eminence relative to the Frankfurt’s horizontal plane 
was measured on both sides. Data was analysed statistically with the one-way ANOVA test (ɑ=0.05).
Results: the highest value obtained in group 1 was (Right side 35.63±3.01º, left side 36.66±3.45º, mean 36.15±3.13º). The values 
in group 2 were (Right side 35.50±3.17º, left side 36.06±4.23º, mean 35.78±3.54º) were slightly lower than group 1. The Group 3 
values (Right side 29.07±4.10º, left side 29.66±3.13º, mean 29.36±3.51º) were significantly lower compared to group 1 and group 2.  
Linear regression graph plotted between age and mean angles for each group showed a significant negative trend with increase 
of age within each group. 
Conclusion: the flattening of the articular eminence was significant with the increase of age. The rate of flattening was more 
pronounced in older age groups. Age and edentulism play a major role in flattening of the posterior slope of the articular 
eminence. 
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Introduction  
The temporomandibular joint (TMJ) is a bicondylar 

diarthrosis that facilitates a variety of mandibular 
movements, such as eating, chewing, swallowing, 
speaking, and expressing emotions. The TMJ is made 
of components from the temporal bone and the 
mandible. It is the articulation of the mandibular fossa 
and articular eminence of the temporal bone with the 
condyle of the mandible with an intervening articular 
disc1. An unusual feature of the joint is that unlike the 
other joints where the articular surface is covered 
by hyaline cartilage, the TMJ articular surfaces are 
covered with dense fibrocartilage, making it uniquely 
resistant to injury and able to heal more quickly2.

The architecture of the different components of the 
TMJ varies in different age groups, sex, in degenerative 
changes due to diseases like osteoarthritis, in 
malocclusions or deleterious habits like bruxism. 
These changes can cause symptoms like TMJ pain and 
clicking or locking1.

The temporomandibular remodelling is a process 
that occurs to adapt the TMJ to the various forces 
that it is subjected to. Even after growth has ceased, 

these parts of the TMJ still retain the ability to 
modify its structure and morphology 3. In adulthood, 
the joint’s adaptive and regenerative capability 
decreases significantly. Consequently, it is unable to 
cope with the changes and ends up being damaged 
and deformed4. The posterior slope of the articular 
eminence undergoes morphological changes such 
as flattening throughout life and is speculated to be 
affected by many factors such as age, edentulism, 
gender and deleterious habits 2.

Imaging of the TMJ involves examining the integrity 
and relationships of the hard and soft tissue elements 
such as the mandibular condyle, the glenoid fossa 
and articular eminence of the temporal bone, and 
the articular disc and its attachments5. In the present 
study the Ortho panto gram (OPG) has been used as 
the imaging modality. Although the OPG has many 
drawbacks such as superimposition of the zygomatic 
arch on the TMJ, no clear imaging of the soft tissues, 
but still, it is of great diagnostic value to assess the 
major changes of the articular eminence such as 
flattening of the posterior slope and presence of gross 
surface irregularities such as osteophytes6. 
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The Articular eminence inclination (AE) is the 
angle formed by the posterior slope of the articular 
eminence in relation to the Frankfort horizontal plane 
or any other level surface such as the occlusal or palatal 
plane2,4,5,7,8,9,10,11. In this study the Frankfurt’s horizontal 
plane has been taken as the reference plane. 

The articular eminence outline can be studied in 
various methods. Some studies have used medical 
imaging techniques such as CBCT, MRI and OPGs3-

9,10,12,13,14. Whereas some studies were conducted on dry 
skull11,15 ,16,17,18 but, radiological studies have been more 
frequently conducted19-23. Clinical studies were also 
conducted using extraoral tracing methods such as 
facebow24. Autopsy studies have been undertaken on 
edentulous individuals to assess the changes in the 
TMJ25. 

Some authors have suggested that the dry skull 
method was more accurate keeping in mind the 
possible distortion and difference in positioning 
of the patients while taking radiograph and that 
minimal differences between right and left sides 
were not accurately recorded12. A study conducted by 
Gilboa et al has revealed that there was a significant 
correlation between the anatomical outline of the 
articular eminence measured in dry skulls and the 
corresponding OPG image suggesting that the OPG 
images can be used to determine gross differences in 
the articular eminence17. 

This study aims to determine the physiological 
changes that take place in the articular eminence and 
to determine whether age and edentulism play a role 
in the degree at which these changes occur. This will 
help the clinicians to come up with a treatment plan 
to restore the masticatory function of the edentulous 
patients and give them a comfortable and cosmetically 
superior dental treatment. This study will also help in 
understanding TMJ dislocations, degenerative changes 
causing pain and discomfort to patients.

The objectives of the present study are: 
I) To measure the angle of the posterior slope of 

the articular eminence relative to the Frankfurt’s 
horizontal plane. 

ii) To correlate the relationship of angle of the 
articular eminence of the temporomandibular joint 
with age and edentulism. 

Materials and Methods:
This was a retrospective study conducted on the 

Orthopantomograms (OPGs) of 45 patients collected 
from the archives of Department of Oral Medicine 
and Radiology, JSS Dental College, Mysuru, Karnataka, 
India. The duration of the study was one year starting 
from January 2022 to December 2022. This study was 
approved by the Institutional Ethics Committee with 
the approval number JSS/MC/PG/04/2022-23.                                   

  The OPGs were divided into 3 groups each 
consisting of 15 persons. 

Group 1: Patients 18-25 years of age with maintained 
occlusion

Group 2: Patients over 60 years of age with 
maintained occlusion

Group 3: edentulous patients over 60 years of age.
Keeping in mind the uniformity, all the patients 

were positioned in the same three-dimensional plane 
according to the median sagittal plane and Frankfurt’s 
horizontal plane. The angle of the posterior slope of 
the articular eminence relative to the Frankfurt’s 
horizontal plane was measured on both the right and 
left side of the OPG images. 

To determine the FH plane, A line was drawn from 
the porion to the floor of the orbit. To determine 
the posterior slope of articular eminence a line was 
drawn from the point of maximum concavity of the 
mandibular fossa to the point of maximum convexity 
of the articular eminence. 

The measurement of the angle between the 
posterior slope and the FH plane on both right and left 
side of each patient’s OPG image was taken manually 
using a virtual protractor. 

The mean ± standard deviation (SD) was calculated 
for each group and categorised according to side, age, 
and dental status. The statistical analysis was done 
on the software SPSS version 22. One-way ANOVA 
test was done to analyse the association between the 
variables mean angles and the age. The correlational 
analysis and a linear scatter graph were plotted to 
determine the correlation between increasing age 
and mean angles in each group. All statistical analyses 
were done at p value ≤0.05. 

Inclusion criteria:
Radiographs of people between the ages 18-60 

dentulous and edentulous with asymptomatic TMJ and 
no history of temporomandibular disorders, fractures 
of the TMJ region and TMJ surgeries. Only digital 
OPGs were included in the study.

Figure 1. Diagrammatic representation of the reference line Frankfurt’s horizontal 
plane – A line was drawn from the porion to the floor of the orbit. Posterior slope 
of articular eminence-A line was drawn from the point of maximum concavity 
of the mandibular fossa to the point of maximum convexity of the articular 
eminence. The measurement of the angle (ɑ) between the posterior slope and 
the FH plane on both right and left side of each patient’s OPG image was taken 
manually using a virtual protractor.
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Exclusion criteria: 
Radiographs of individuals with history of condylar 

fractures, surgeries, developmental anomalies 
affecting the TMJ region, degenerative diseases, 
arthritis, and tumours of the bone were excluded from 
the study. 

OPGs where the Frankfurt’s horizontal plane was 
not traceable, where the porion or the infra orbital 
point was not visible were excluded. OPGs with TMJ 
is not clearly visible, any foreign body present that 
prevented visualization of the anatomical area and 
motion artefacts present were excluded5,13. 

OPGs with incorrect Frankfort horizontal plane 
positioning, head rotated, head tilted, patient is not 
positioned in ski position, thyroid, or lead collar visible 
were excluded13. 

Results
The posterior slope of the articular eminence and 

the Frankfurt’s horizontal plane was drawn and the 
angle between them were recorded. 

The highest value was obtained in group 1, (Right side 
35.63±3.01º, Left side 36.66±3.45º, Mean 36.15±3.13º) 

The values in group 2 (Right side 35.50±3.17º, left 
side 36.06±4.23º, Mean 35.78±3.54º) were slightly lower 
than group 1. 

The Group 3 values (Right side 29.07±4.10º, Left side 
29.66±3.13º, mean 29.36±3.51º) were significantly lower 
compared to group 1 and group 2. (p value < 0.001)

The correlation coefficient between age and the 
flattening of the eminence in group 1, 2 and 3 was 
-0.79, -0.93 and -0.94, respectively.

OPGs from each group with the FH plane and line 
indicating posterior slope of articular eminence 
marked. The angle between the two lines were then 

measured.   (The flattening is prominent to the naked 
eye in Fig 4.

Discussion
The TMJ undergoes constant remodelling due to the 

mechanical forces it sustains and change in physical 
demands. This study was conducted to analyse age 
and edentulism have a significant impact on the 
degree of remodelling of the TMJ and the importance 
of replacement of teeth to prevent further worsening 
of the flattening of the articular eminence8. 

A study conducted by Granados11 on dry human skulls, 
found that those with attrition or total edentulism had 
osseous deformations such roughing, lipping, bone 
erosion, and low angulation of the articular eminence. 
This study did not find any difference in the articular 
eminence in relation to age or gender. 

Chiang et al 15 in their study on patients, who had 
unilateral posterior edentulism observed that the 
inclination angle on the missing side was steeper 
compared to the non-missing side suggesting the 
importance of maintenance of occlusion for the 
integrity of the AE inclination.  No relationship between 
age or gender and articular eminence angulation was 
observed.

Analysing the obtained results in the present study, 
it was observed that there is no significant difference 
in the mean angles of the right and left side. It was 
also noted that there was no significant difference 
in the mean angles of the posterior slope of articular 
eminence and Frankfurt’s horizontal plane of the male 
and female radiographs.

Comparing the results of Group 1and Group 2 
there was no difference in the mean angles of Group 
1 and Group 2. In the correlational analysis, Group 2 

  Figure 2. Group 1 (18-25 years with maintained occlusion).
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Group Right side mean 
angle

Left side mean 
angle

Mean angle of right 
and left side

Correlation 
coefficient P-value

Group 1 
(18-25 with occlusion) 35.63±3.01º 36.66±3.45º 36.15±3.13º -0.79 

< 0.001Group 2 
(60 and above with occlusion) 35.50±3.17º 36.06±4.23º 35.78±3.54º -0.93 

Group 3 
(60 and above edentulous) 29.07±4.10º 29.66±3.13º 29.36±3.51º -0.94

Table 1. Showing mean angles of inclination of the articular eminence and correlation coefficient of the three groups. 

Figure 4 : Group 3 ( 60 years and above edentulous).

Figure 3. Group 2 (60 years and above with maintained occlusion).
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showed a steeper slope than Group 1 indicating that 
the rate of progression of flattening is more in Group 
2 individuals. This indicates that as the age progresses 
the rate of progression of flattening also increases. 

Comparing the results of Group 2 and Group 3, 

there was a significant reduction in the mean angles 
in Group 3 compared to Groups 1 and 2. This indicates 
that in edentulous individuals the flattening of the AE 
slope was more eminent. The correlational analysis 
showed that the rate of progression of flattening 
in Group 2 and Group 3 was similar indicating that 
although the flattening is more in edentulous patients 
the rate of progression of flattening correlated more 
with age rather than edentulism.  

In the study conducted Kinga Csado et al4 there is a 
reduction in mean angle as the age increases and the 
edentulism played a role in further reduction of the 
angle. 

In the correlational analysis of Kinga Csado et 
al’s study, a different observation was obtained. 
The difference in value of correlation coefficient 
of Group 1, Group 2 and Group 3 indicates that the 
progression of flattening of AE slope was not affected 
by age significantly but it progressed more rapidly in 
edentulous individuals.

On the contrary, in the present study the Group 2 
showed a steeper slope than Group 1 indicating that 
the rate of progression of flattening is more in Group 
2 individuals but Group 3 was similar to Group 2. This 
indicates that the rate of progression of flattening 
of AE slope greatly increased as age increased but 
edentulism did not change the rate significantly. 

Oruba et al8 studied the relationship between the 
slope of articular eminence and the maintenance of 
Occlusal Contact Zones (OCZ). They observed that 
elderly patients with no occlusal contact zone have 
more evident flattening compared to those with 
maintained occlusion. This indicates that loss of 
occlusal contact had a greater impact than ageing. 

In the present study it was observed that there is 
not much difference in the angle of the slope articular 
eminence in the early ages and in subjects that are 
between the age group of 18 to 25 years with maintained 
occlusion. This shows that articular remodelling is 
minuscule in the early adulthood4. As with increasing 
age, there is more correlation with flattening of the 
AE. The mean angle of the articular eminence slope is 
reduced significantly in edentulous patients but there 

Figure 5. Scatter graph plotted for Group 1 (18-25 years with maintained occlusion). 

Figure 6. Scatter graph plotted for Group 2 (60 years and above with maintained 
occlusion).

Figure 7. Scatter graph plotted for Group 3 (60 years and above edentulous).

Figure 8. Comparison of mean angles of 3 groups
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is no difference in the rate of progression of flattening 
between dentulous and edentulous patients above the 
age of 60. 

Majority of the investigations conducted on the 
osseous changes of the TMJ have pointed out that age 
and edentulism plays a role in the flattening of the 
posterior slope of the articular eminence1,4,7,8,11,15,16,26. 

The knowledge of the degree of flattening of the 
articular eminence with age and absence of teeth help 
the clinicians in preventing further damage to the 
joint, reduce its progress into TMJ disorders and in 
providing the patients with a conservative treatment 
plan. 

The analysis of rate of progression of flattening 
within the physiological limit helps the clinician identify 
any exaggerated changes in the patient which can be 
indicative of an underlying pathological degenerative 
disease or deleterious habits like bruxism, tobacco 
chewing etc. Malocclusion can also play a major role 
in degenerative changes of the TMJ which should be 
corrected at an early stage in life to prevent chronic 
degeneration.

 It is important to make the patient understand the 
detrimental effect of edentulism and convince the 
patient to undergo prosthetic treatments like dentures 
or implants to restore the occlusal contact reducing 
the load on the TMJ.

Conclusions 
There was no significant difference in mean angle 

of the AE slope with the FH plane between the right 
and left side. There was no significant difference in 
mean angles of the AE slope with the FH plane in 
gender. The mean angle of the AE slope with the FH 
plane decreased with age and was less in edentulous 
patients when compared to those with maintained 
occlusion (p value < 0.001). The rate of flattening 
was more pronounced in those patients who were 
above 60 years of age when compared to between 
18-25 years of age. Edentulous patients had a lesser 
mean angle but edentulism did not impact the rate 
of progression of flattening of the AE slope. Age and 
edentulism plays a major role in the flattening of the 
Articular eminence.
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