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Abstract
Aim: The aim of this study was to assess condyle shape and 
the relationship between age-related associations and articular 
eminence (AE) inclination in a group of female patients with 
temporomandibular disorder (TMD).

Methods: CBCT images of 64 temporomandibular joints 
(TMJs) of 32 female TMD patients (18-45-year-old) were 
evaluated sagittally and coronally. Condyle shape was assessed 
visually and the inclination of AE was analyzed using with best-
fit and top-roof methods. AE heights were also measured. The 
patients were grouped into two age groups: 18 to 30 – and 31 to 
45-year-old. Data were statistically analyzed with SPSS software 
using Mann-Whitney-U test.

Results: The most frequently observed condyle shape was 
flattened (39,1 %) in sagittal plane and triangular (43,8 %) in 
coronal plane. Triangular condyle shape was seen in 31.3% 
of condyles on coronal sections. No statistically significant 
differences were seen in two different age groups comparing AE 
inclination and height.

Conclusion: Triangular and flattened condyles were the most 
frequent condyle shape in female TMD patients. Although AE 
inclination was highest between the ages of 18-30, there was no 
statistical significance.
Keywords: Temporomandibular joint disorders, cone beam 
computed tomography, articular eminence inclination and height, 
condyle shape.

Öz
Amaç: Bu çalışmanın amacı temporomandibular eklem 
rahatsızlığı (TMR) olan bir grup kadın hastada kondil şeklinin ve 
artiküler eminens eğimi ile yaşa bağlı değişikliklerin ilişkisinin 
değerlendirilmesidir.

Metot: TMR’si bulunan yaşları 18-45 arasında değişen 32 
kadın hastanın 64 adet temporomandibular ekleminin KIBT 
görüntüleri sagittal ve koronal kesitlerde değerlendirildi. Kondil 
şekli görsel olarak değerlendirildi ve artiküler eminens eğimi 
“best-fit” ve “top-roof” metotları ile belirlendi. Ayrıca artiküler 
eminens yüksekliği de ölçüldü. Hastalar 18-30 ve 31-45 olarak 
iki yaş grubuna ayrıldı. Verilerin kıyaslanmasının istatistiksel 
analizi için SPSS yazılımı ile uygulanan “Mann-Whitney-U test” 
kullanıldı.

Bulgular: Sagittal düzlemde en sık görülen kondil şekli düz 
(% 39.1) iken koronal düzlemde üçgen (% 43.8) olarak tespit 
edildi. Koronal kesitte üçgen kondil başı şeklinin görülme oranı 
% 31.3 olarak belirlendi. İki yaş grubu arasında artiküler eminens 
eğimi ve yüksekliği açısından istatistiksel olarak anlamlı bir fark 
bulunamadı.

Sonuç: Kadın TMR hastalarında üçgen ve düz kondil başı 
tipleri en sık görülen kondil başı tipleri olarak saptanmıştır. AE 
eğiminin 18-30 yaş grubunda daha yüksek bulunmasına rağmen 
diğer grup ile arasında istatistiksel olarak anlamlı bir fark 
belirlenememiştir.
Keywords: Temporomandibular eklem rahatsızlıkları, konik ışınlı 
bilgisayarlı tomografi, artiküler eminens eğimi ve yüksekliği, 
kondil şekli.

Cone Beam Ct Evaluatıons of Condyle Shape and 
Age-Related Assocıatıons of Artıcular Emınence 
Morphology in Female Tmd Patıents

Temporomandibular Joint (TMJ) is located between 
mandible and temporal bones and regarded as a complex 
articular system. Glenoid fossa is the superior and 
mandibular condylar process is the inferior bone part of the 
TMJ. Articular Eminence (AE) is a part of temporal bone 
on which the condylar process slides during the mandibular 
movements (1-3). The inclination of AE dictates the path 
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of condylar movement and the degree of rotation of the 
disc over the condyle (4,5) and the AE inclination varies 
between genders, healthy and TMD patients.

Temporomandibular disorder (TMD)is a collective term 
including clinical problems that involve the masticatory 
muscles, the temporomandibular joint (TMJ), and associated 
structures (6). This disorder comprises the second most 
common musculoskeletal pain condition following, low 
back pain. Its prevalence has been reported to have a wide 
range from 16.3 to 68% in the adolescences (7).

Women are more likely to develop TMD, probably due 
to the influence of behavioral, hormonal, anatomic, and 
psychosocial causes (8-10). Magnetic resonance imaging 
(MRI) has been accepted as a gold standard in the evaluation 
of displacement of articular disc and soft tissue structures. 
However, the diagnostic value of the MRI in the detection 
of bone structure of TMJ has been found limited (12,13). 
Since the last decade, cone beam computed tomography 
(CBCT) has become widely used to detect the osseous 
structures of the TMJ (12, 14,15). Therefore, the aim of this 
study was to evaluate the condyle shape and assess the age-
related AE morphology in a group of female TMD patients 
using CBCT.

Methods

The protocol of this retrospective study was approved by 
The Ethics Committee of Marmara University of Dentistry, 
Faculty (protocol no.2017/157).

The CBCT images of the TMJs of referring female TMD 
patients of Marmara University, Faculy of Dentistry were 
retrieved from the computer database of Department of Oral 
and Dentomaxillofacial Radiology from September 2013 
to June 2017. The samples included the 64 TMJ images of 
32 female TMD patients (18-45 years old) obtained by the 
same operator which utilized a large FOV flat panel detector 
16x9 cm in size (Planmeca Promax 3D Mid; Planmeca Oy, 
Helsinki, Finland) with 36 sec. exposure time operating at 
90 kV, 14 mA with a reconstructed voxel size 0,40 mm3. 
The CBCT data sets were processed with reformatting 
software on the axial CBCT scans (Planmeca Romexis 
3.83, Helsinki, Finland) and scans were directly assessed on 
a monitor screen (14 bit, 24-inch, NEC MD 242C2, 1920 × 
1200 resolution, USA). Patients with systemic rheumatoid 
disease, previously treated TMD, previous maxillofacial 
trauma, bimaxillary posterior edentulous arches and without 

maximum intercuspation and optimum image quality were 
excluded from the study.

The condyle shape was evaluated on the sagittal and 
coronal planes. The coronal plane was set parallel to the 
long axis of the condyle and the sagittal plane was set 
perpendicular to the coronal. The condyles were classified 
as “round”, “oval” “triangular” and “flattened” both in the 
coronal and sagittal plane as described in previous studies 
(5,16).

Inclination of AE was analyzed using with the best-fit 
and top-roof methods on the central sagittal slice and AE 
height was measured by the perpendicular distance between 
the lowest point of the AE and the highest point of the fossa 
on the same image (Figure 1) according to literature (3, 5, 16-
19). To obtain central sagittal slice, the section of condylar 
process which had the widest mediolateral diameter on axial 
slice was used for secondary reconstruction.

Figure 1 a. Reference points; Ce: the point at which the F’ line cut the 
eminence posterior surface; Cu: the highest point of the condylar process; 
Po: porion (the highest point of auditory meatus); R: the highest point of 
the fossa; T: the lowest point of the articular eminence,
b. Reference planes; F: Frankfort horizontal plane; F’: the parallel line to 
the F passing through the point Cu; F’’: the parallel line to the F passing 
through the point R and measurements methods (The best-fit line method: 
the angle between Ebf and F plane; the top-roof line method; the angle 
between Etr and F plane) (2,5),
c. AEH was measured by the perpendicular distance between the lowest 
point of the articular eminence and the highest point of the fossa (5,20).

The points and planes for measurements in the present study were (Figure 
1-a, b);
Ce: the point at which the F’ line cut the eminence posterior surface,
Cu: the highest point of the condylar process,
Po: porion (the highest point of auditory meatus)
R: the highest point of the fossa
T: the lowest point of the articular eminence
Ebf plane: the best-fit plane of the articular eminence inclination 
connecting the Ce,
Etr plane: the plane passing through the points Cu and R,
F: Frankfort horizontal plane;
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F’: the parallel line to the F passing through the point Cu and
F’’: the parallel line to the F passing through the point R.
The AEI measurement methods were (Figure 1-b);
1. The best-fit line method; the angle between Ebf and F plane,
2. The top-roof line method; the angle between Etr and F plane (2,5).

Data Analysis

Statistical Package for Social Sciences (SPSS, IBM, New 
York, USA) 21.0 software for Windows was used for the 
statistical analysis. Data were evaluated according to 
descriptive statistics, which are presented as frequencies (n) 
and percentages (%). Mann Whitney U test was used for the 
comparison of the quantitative data of two groups without 
normal distribution.

Results

The mean age of the patients was 28.22±8.64 years. Table 
1 shows the distribution of condyle shapes on sagittal and 
coronal CBCT sections. The most frequent condyle shape 
was flattened (39,1%) on sagittal section and triangular (43.8 
%) on coronal. Round condyle shape was the least frequent 
type on both sections. Figure 2 shows the sagittal and 
coronal views of collaged condyle shapes. Measurements of 
Ebf and Etr angles analyzed according to best-fit and top-
roof methods respectively are shown in table 2. When the 
TMD patients were evaluated as two different age groups, 
there were no statistically significant differences regarding 
the inclination and height of AE (Table 2).

Figure 2 Condyle shapes on sagittal (above) and coronal (below) views: 
round (a), oval (b), triangular (c), flattened (d)

Discussion

Condyle is a rounded bone with a biconvex contour in the 
superior part and has an oval surface. The AE is an anatomical 
bone structure situated in front of glenoid fossa. Previous 
studies have shown that condylar morphology and the slope 
of posterior surface of AE may show changes by gender, 
age, facial type, occlusal forces/functions, malocclusions 
and particular anomalies/disorders (3,13).

Previous epidemiological studies have reported a greater 
frequency and severity of female TMD patients than males. 
These differences have been mainly linked to psychological, 
behavioral, hormonal, and constitutional factors. Extensive 
literature was documented regarding the age distribution 
of female TMD patients suggested the link between TMD 
pathogenesis and the female hormonal axis. Women of 
childbearing age particularly have a tendency to have 
notable fluctuations in estrogen and progesterone levels 
and are reported to have a higher risk of developing TMD. 
Pain onset tends to have a peak in reproductive years with 
the highest prevalence occurring in females aged between 
20 and 40-years. Moreover, females have higher rates of 
chronic anxiety and stress than men, and stress is one of the 
main predisposing factors for TMD (8, 9, 21-24). In order 
to exclude above-mentioned factors, only the CBCT images 
of female TMD patients between 18-45 – year old were 
evaluated.

Morphological condyle changes have been found 
more frequent in adult to elderly populations due to age-
related degeneration (25-29). Pontual et al and Koyama et 
al evaluated the images of patients with clinical symptoms 
of TMJ and showed the altered condyle morphology and 
osseous bone changes (9, 14). In a previous study, Caglayan 
et al (16) observed a significant difference between the 
condyle and fossa shapes of TMD and control groups. Round 
condyle shape was more prominent in TMD groups whereas 
oval in the control group (16). Since all examined images of 
the present study were the CBCT sections of TMD patients, 
flattened and triangular condyles were found to be the most 
frequent condyle shapes whereas round condyle shape was 
examined only in one CBCT image in coronal and three in 
sagittal sections.

Previous researchers proposed that the AE might 
predispose to disc displacement. The shape of the AE is 
related to the development of TMJ disc displacement (7, 
19, 28, 30-32). CBCT has been shown as an accurate and 
reliable method for the imaging of hard structures and linear 
measurements (3, 16, 30). In the present study, CBCT was 
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used for the measurements of AE and condyle morphology. 
The image of the AE in the central slice is regarded as the 
steepest part of the AE and the central slice of the condylar 
process was used for the true measurement of AE inclination 
in the present study (3, 30, 33).

Kastavrias reported that the AE inclination completes 
approximately 90 to 94 % of its growth by the age of 20 
years (34). In order to assess the inclination of posterior 
slope of AE, the best-fit and top-roof methods were used in 
this study as in previous studies (3, 30).

Many studies showed the morphological changes of AE 
with advanced age (28, 29), whereas few studies found no 
correlation between advanced age and height or inclination 
of AE (3, 30). Although the age interval of examined 
group was limited from 18 to 45-year-old, no statistically 
significant age-related difference was found between 18-
30 and 31-45-year-old groups regarding the measurements 
of AE and these findings were found to be consistent with 
Sümbüllü et al and İlgüy et al (3, 30).

The current study was limited by the gender and the 
number of images TMD patients. All CBCT images were 
taken for various dental purposes and condyle shape and 
inclination of AE were analyzed using them. Further research 
needs to be done to establish the condyle shape and AE 
inclination in broad age groups and larger TMD population.
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Table 1: Distribution of condyle shapes on coronal and sagittal 
sections on CBCT

Condyle 
shape

Sagittal Section Coronal Section

n % n %
Round 3 4,7 1 1,6
Oval 16 25 15 23,4
Triangle 20 31,3 28 43,8
Flattened 25 39,1 20 31,3
Total 64 100 64 100

n, number of patients

Table 2: Associations of Ebf, Etr and AEH according to age groups

Age Groups p
n mean. sd. p

Ebf angle 18-30 36 52,13 8,710  0,39831-45 28 54,89 10,343

Etr angle 18-30 36 34,35 5,368  0,60731-45 28 35,92 6,943

AEH 18-30 36 7,35 1,352  0,68631-45 28 7,03 1,159

Mann Whitney U test, * p<0.05
n, number of patients; sd, standart deviation; AEH, articular eminence 
inclination
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