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Abstract
Aim  The aim of this study was to evaluate temporomandibular joint (TMJ) condyle and glenoid fossa morphology with 
measurements on Computed Tomography (CT) and volumetric analysis using InVesalius software program.
Materials and methods  250 condyles in 125 patients (mean age: 40.64) was evaluated on CT. Length, width, and height 
of the condyle, condylar volume, the thickness of glenoid fossa (TGF), condyle surface area, anterior space (AS), superior 
space (SS), and posterior space (PS) were measured in this study. Two left and right sides of the jaw have been measured. 
Linear measurements were performed with the image analysis program (Image J, 1.4 v version, National Institutes of Health, 
Bethesda, MD). Volume and surface area measurements were performed with InVesalius software (CTI, Campinas, São-
Paulo, Brazil).
Results  To compare the dimensions of the condyle between males and females, there was only a significant difference in 
left AS and SS and no significant difference was found between males and females in other measured factors. There was a 
significant difference between the age groups and left SS. A significant difference was also found between the age groups 
and condylar height, condyle surface area, and condylar volume on both right and left sides.
Conclusion  Evaluation of condylar morphology is important to assess the TMJ anomalies and bony changes. This study 
showed no significant differences between gender and all measured factors except in the left AS and SS. However, age factor 
had a major effect on the morphology.
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Introduction

The condyle is an important area of the temporomandibular 
joint (TMJ) and is the primary growth center of the man-
dible. It has the special talent of multidirectional growth 
and adaptive remodeling. Therefore, it can reply to the con-
tinuous stimuli adeptly by the way of the bone remodeling 
and affect the final mandible dimension in the adults [1]. 
When abnormal TMJ loading or sustained physical stress 
exceeds the adaptive capacity and thus, the changes of dys-
functional remodeling happen in the mandibular bone. Some 

morphological changes occur such as decreased mandibu-
lar growth, condylar volume, ramus height, and progressive 
mandibular retrusion [2–4].

Detailed radiographic assessment of TMJ is important for 
diagnosing some anomalies and adaptive changes. However, 
there are some limitations while obtaining an image of the 
TMJ area using conventional radiographic methods that have 
little capacity to discover anything more than gross osseous 
changes [5].

Computed Tomography (CT) is the best preference for 
evaluation and treatment of complications during dental and 
craniofacial surgery and several other scientific fields [6]. 
After the development of craniofacial radiological imaging 
systems such as CT technology, to evaluate the anatomy and 
anatomical variations has progressed. Nowadays, some 3D 
software programs were developed to diagnose and make 
treatment planning in orthognathic surgery [7].

In this study, the InVesalius 3.0 software (CTI, 
Campinas,São Paulo, Brazil) was used to perform the 
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measurements of condylar volume and surface area. The 
aim of this software is to process the CT scans with recon-
structing them into 3D models and to perform the volumetric 
analysis [8].

The aim of this study was to evaluate TMJ condyle and 
glenoid fossa morphology with measurements on CT and 
volumetric analysis using InVesalius software program.

Materials and methods

This study was approved by the Institutional Review Board 
of Hatay Mustafa Kemal University (26/12/2019-Decision 
number: 21). The image of patients admitted to the Depart-
ment of Dentomaxillofacial Radiology with several reasons 
(implant or impacted third molar surgery, cysts, and tumors 
that do not affect the condyle and the glenoid fossa region, 
etc.) were selected from the database. The patients who had 
a history of TMJ surgery or joint disease, facial growth dis-
orders, history of trauma or fracture, TMJ tumors, missing 

teeth in maxillary or mandibular dental arches (except 
third molar), any systemic diseases that can affect the TMJ 
morphology such as rheumatoid arthritis and low-quality 
images were excluded from the study. The CT images of 125 
patients (59 males and 66 females, mean 40.64 years) who 
were excluded from these criteria were included in the study. 
Patients were divided into six age groups (18–29 years, 
30–39  years, 40–49  years, 50–59  years, 60–69  years, 
and ≥ 70 years) and by sex. The right and left TMJs of each 
patient were calculated separately; in total, 250 TMJs were 
recorded.

Based on the study of Hilgers [9] and Al-koshab et al. 
[10], the condylar size (length, width, height), the thickness 
of glenoid fossa (TGF), condylar volume and surface area 
measurements was performed (Fig. 1). A sagittal image in 
which the condyle and glenoid fossa were clearly noticed, 
was selected. From this image, the condylar length was 
measured. The condylar length was measured from the line 
extending from the posterior mandibular condyle point to the 
anterior mandibular condyle point. In the coronal plane, the 

Fig. 1   The measurement 
methods of condylar size. a 
Sagittal scan demonstrating 
condylar length. b Sagittal scan 
demonstrating condylar height. 
c Coronal scan demonstrating 
condylar width
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condyle width was the linear distance between the medial 
and lateral mandibular poles. The condyle height was meas-
ured as a linear distance perpendicular to a line formed 
between the mandibular condyle superior and the lowest 
point of the sigmoid notch perpendicular to the tangent 
of the posterior surface of the ramus in the sagittal plane. 
The angle of the condyle head was corrected to explain the 
medial to the lateral angulation of the condyle head relative 
to the intermeatal baseline.

The thinnest bone that forms the glenoid fossa roof was 
defined and measured in the sagittal plane. The condyle 
position was described by measuring joint spaces. The ana-
tomical landmarks and the linear measurements of the space 
between the condyle and glenoid fossa were determined. The 
true horizontal line tangent to the glenoid fossa roof was 
used as the reference plane. The superior space (SS) was 
measured as a distance from the top of the condyle to the 
superior fossa. A tangent line was drawn from the superior 
fossa to the most prominent anterior and posterior area of 
the condyle to measure the anterior space (AS) and poste-
rior space (PS). The distance from the anterior condyle to 
the corresponding glenoid fossa bone was measured as the 
AS and the PS was measured with describing distance from 
the posterior condyle to the corresponding glenoid fossa 
(Fig. 2).

Linear measurements were performed with the image 
analysis program (Image J, 1.4 v version, National Insti-
tutes of Health, Bethesda, MD) and volume and surface area 
measurements were performed with InVesalius software 
(CTI, Campinas, SãoPaulo, Brazil). According to the study 
of Bayram et al. [11], condylar volume and surface were 
measured by drawing an imaginary line tangent to the distal 

slope of the coronoid process. The volume and surface above 
this line were measured with InVesalius software (Fig. 3).

All image evaluation and measurement procedures were 
performed by two Dentomaxillofacial Radiology specialists 
(GS and CAB). Two weeks later, 20% of the samples were 
randomly selected to test the interobserver reliability and 
the measurement was repeated. The average of the results of 
both observers was used for statistical analysis.

Statistical analysis

Two-way ANOVA and t-student test were used to study the 
difference between the age and gender groups. When the 
data has no normal distribution, the Mann–Whitney test 
is used to study the difference between the gender groups, 
and the Kruskal Wallis test was used to study the difference 
among the age groups. Besides, the Paired t test and Wil-
coxon test were used to study the difference in TMJ between 
the left and right sides. The significance level in this study is 
0.05. The reliability was estimated by Intraclass Correlations 

Fig. 2   Sagittal scans demon-
strating the measurement of 
glenoid fossa thickness (a) and 
the joint spaces (b)

Fig. 3   Volumetric analysis using InVesalius software
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(ICC) for all observations. All statistical results have been 
obtained in this study with Statistical Package for the Social 
Sciences (SPSS) version 21.0 (SPSS Inc., Chicago, IL).

Results

Interobserver ICC values for all observers were excellent as 
above 0.995 (for right condyle surface area) and 0.996 (for 
left condyle surface area) indicating high reliability in all 
measurements.

A comparison of the dimensions of the condyle between 
males and females were given in Table 1. There was only 
significant difference in AS and only on the left side with 
mean of 2.17 mm among the men and mean of 1.90 mm 
among the women, SS and only on the left side with mean 
of 3.03 mm among the men and mean of 2.69 mm among 
the women and no significant difference was found between 
the women and men in other measured factors.

A comparison of the dimensions of the condyle between 
age groups was given in Table 2. There was a significant 
difference among the age groups in the left SS. A signifi-
cant difference was also found among the age groups in the 
condylar height, condyle surface area, and condylar volume 
on both right and left sides (p < 0.05).

A comparison of the dimensions of the condyle between 
left and right sides were given in Table 3 and no statistically 
significant difference was found in any of the measurements 
on the right and left sides (p > 0.05).

Discussion

The mandibular condyle and glenoid fossa morphology vary 
majorly according to age and gender [12]. As one of the 
most important joints of the body, TMJs should be worked 
bilaterally. The TMJ is one of the parts of dentomaxillofa-
cial functional system with the maxillofacial bones, muscles, 
nerves, and blood vessels. The radiological evaluation of 
TMJ anatomy is important to research the TMJ morphology 
for the diagnosis and treatment planning of TMJ diseases 
[13].

With the development of qualitative analysis by using 3D 
imaging methods, a lot of quantitative measurements are 
performed benefiting from CT. Linear and angular meas-
urements are performed in the cranial vault, brain, orbits 
and spinal canal [14]. The accuracy of parameters provided 
from CT images are also researched in the field of dentistry. 
Certain measurement is important in the orthodontic depart-
ment and maxillofacial surgical practice, particularly com-
plex craniofacial disorder cases. There are few studies that 
are studied in maxilla and mandible, although the accuracy 
of parameters is studied by using of CT images [15].

In the study of Al-koshab et al. [10], condylar length, 
width, and height were reported as 7.29 mm, 17.93 mm, 
and 18.25  mm in males, respectively while 7.11  mm, 
17.04 mm and 17.22 mm in females, respectively. Con-
dylar length, width, and height were 7.08 mm, 17.17 mm, 
and 17.88 mm in the left side, respectively while 7.31 mm, 
17.27 mm, and 17.49 mm in the right side, respectively. 
TGF was found as 1.24 mm and 1.00 mm in the left and 
right side, respectively while 1.20 mm and 1.14 mm in males 
and females, respectively. AS, SS, and PS measurement was 
reported as 1.68 mm, 2.70 mm, and 1.96 mm in the left 
side, respectively while 1.79 mm, 3.00 mm and 2.14 mm in 
the right side, respectively. Condylar volume was found as 
1450.89 mm3 and 1460.69 mm3 in the left and right side, 
respectively while 1613.87 mm3 and 1339.65 mm3 in males 
and females, respectively. In our study, the close results were 
found. Al-koshab et al. [10] reported that no significant gen-
der differences were found in TGF and condylar length, but, 
condylar volume, width, height, and the joint spaces were 

Table 1   Comparison the dimensions of the condyle between males 
and females

*Indicated with bold were found statistically significant

Male, N = 59, mean (SD) Female, N = 66, mean (SD) p

Condylar length (mm)
 R 7.52 (1.12) 7.71 (1.14) 0.366
 L 7.31 (1.36) 7.57 (1.15) 0.274

Condylar width (mm)
 R 15.99 (2.81) 16.08 (2.51) 0.950
 L 15.72 (2.90) 16.08 (2.39) 0.517

Condylar height (mm)
 R 17.79 (3.14) 17.45 (2.98) 0.603
 L 17.77 (4.05) 17.52 (3.31) 0.533

Anterior space (mm)
 R 2.01 (0.69) 2.18 (1.46) 0.5
 L 2.17 (0.73) 1.90 (0.72) 0.019*

Superior space (mm)
 R 2.82 (0.91) 2.83 (1.31) 0.53
 L 3.03 (0.91) 2.69 (0.93) 0.043*

Posterior space (mm)
 R 1.82 (0.55) 1.73 (0.64) 0.23
 L 1.90 (0.69) 1.74 (0.52) 0.22

Thickness of Glenoid fossa (mm)
 R 1.24 (0.41) 1.21 (0.51) 0.316
 L 1.19 (40) 1.17 (0.47) 0.183

Condylar surface area (mm2)
 R 15,781.80 (113,704.48) 935.98 (156.63) 0.453
 L 16,047.49 (115,880.77) 923.91 (147.97) 0.58

Condylar volume (mm3)
 R 1582.14 (360.15) 1546.94 (286.72) 0.692
 L 1587.29 (336.90) 1526.04 (282.55) 0.2
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Table 2   Comparison the dimensions of the condyle between age groups

*Indicated with bold were found statistically significant

Age Sig*

18–29, N = 39, 
mean (SD)

30–39, N = 26, 
mean (SD)

40–49, N = 23, 
mean (SD)

50–59, N = 15, 
mean (SD)

60–69, N = 17, 
mean (SD)

 ≥ 70, N = 5, mean 
(SD)

Condylar length (mm)
 R 7.48 (1.21) 7.85 (1.24) 7.78 (0.94) 7.71 (1.04) 7.52 (1.20) 6.95 (0.74) 0.097
 L 7.31 (1.41) 7.47 (1.00) 7.53 (1.40) 7.96 (1.53) 7.24 (0.81) 7.16 (0.74) 0.068

Condylar width (mm)
 R 15.44 (3.07) 16.19 (2.41) 16.17 (2.56) 17.03 (2.59) 16.58 (2.02) 14.38 (1.67) 0.022
 L 15.22 (3.05) 16.69 (2.27) 15.28 (2.34) 16.83 (2.23) 16.84 (2.44) 14.21 (1.64) 0.058

Condylar height (mm)
 R 18.00 (3.34) 18.71 (2.85) 16.70 (2.56) 19.07 (2.41) 15.60 (2.67) 15.60 (1.55) 0.11*
 L 18.36 (3.26) 18.69 (3.52) 15.87 (4.52) 18.75 (3.08) 16.21 (3.23) 16.26 (2.26) 0.16*

Anterior space (mm)
 R 2.18 (1.39) 2.44 (1.53) 2.01 (0.71) 2.19 (0.76) 1.56 (0.56) 1.74 (0.63) 0.366
 L 2.22 (0.85) 2.18 (0.88) 1.82 (0.49) 1.89 (0.57) 1.70 (0.48) 2.11 (0.65) 0.019

Superior space (mm)
 R 2.63 (1.37) 2.84 (1.26) 2.93 (0.72) 3.17 (1.15) 2.76 (0.83) 2.92 (0.88) 0.007
 L 2.47 (0.85) 2.76 (0.99) 3.34 (0.91) 2.80 (0.87) 3.12 (0.87) 3.28 (0.55) 0.19*

Posterior space (mm)
 R 1.75 (0.53) 1.63 (0.70) 1.93 (0.60) 1.80 (0.32) 1.69 (0.67) 2.21 (0.88) 0.062
 L 1.79 (0.66) 1.74 (0.57) 1.94 (0.53) 1.98 (0.63) 1.76 (0.66) 1.61 (0.67) 0.58

Thickness of Glenoid fossa (mm)
 R 1.25 (0.52) 1.16 (0.34) 1.28 (0.56) 1.17 (0.36) 1.29 (0.40) 1.12 (0.66) 0.38
 L 1.20 (0.45) 1.05 (0.29) 1.23 (0.26) 1.14 (0.66) 1.25 (0.50) 1.26 (0.58) 0.01

Condylar surface area (mm2)
 R 23,423.37 

(139,844.41)
1006.99 (208.00) 887.30 (118.78) 919.84 (205.75) 846.86 (194.11) 921.05 (217.49) 0.01*

 L 23,835.18 
(142,521.07)

984.57 (208.18) 884.01 (103.01) 884.66 (164.45) 845.99 (188.57) 925.02 (193.41) 0.038*

Condylar volume (mm3)
 R 1726.89 (327.37) 1543.53 (235.19) 1491.65 (214.52) 1526.79 (454.06) 1413.74 (315.00) 1343.97 (194.05) 0.024*
 L 1734.65 (303.61) 1535.37 (249.03) 1484.91 (220.07) 1461.50 (347.24) 1396.25 (342.63) 1397.31 (186.07) 0.028*

Table 3   Comparison of the 
dimensions of the condyle 
between left and right sides

*Indicated with bold were found statistically significant

TMJ side Sig*

Right, mean (SD) Left, mean (SD)

Condylar length (mm) 7.62 (1.13) 7.45 (1.25) 0.171
Condylar width (mm) 16.04 (2.64) 15.91 (2.64) 0.633
Condylar height (mm) 17.61 (3.05) 17.64 (3.66) 0.75
Anterior space (mm) 2.10 (1.16) 2.02 (0.74) 0.994
Superior space (mm) 2.82 (1.13) 2.85 (0.93) 0.606
Posterior space (mm) 1.77 (0.60) 1.82 (0.61) 0.7
Thickness of Glenoid fossa (mm) 1.23 (0.46) 1.18 (0.43) 0.39
Condylar surface area (mm2) 7943.20 (78,119.66) 8062.24 (79,614.55) 0.08
Condylar volume (mm3) 1563.55 (322.61) 1554.95 (309.65) 0.377
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significantly greater among males. The relationship between 
right and left sides and AS, SS, and PS was researched by 
Al-koshab et al. [10], Wang [16] and Rodrigues [17]. They 
observed that there was no significant difference between 
left and right sides. Differently, in the present study, there 
was only a significant difference in left AS and SS.

The relationship between gender and the TGF was dis-
cussed by Honda [18], Ejima [19], and Kijima [20], all of 
them agreed that there was no significant difference in TGF 
between males and females, and this was also confirmed by 
this study. In our study, the value of SS was the greatest in 
both sexes, followed by AS and PS respectively. Finding SS 
as the greatist value in our study was similar to the results of 
Ikeda and Kawamura [21], Dalili [22], and Kinniburgh [23]. 
However, the PS value was higher in these studies, whereas 
the AS value was higher in our study. Al-koshab et al. [10], 
Dalili [22] and Kinniburgh [23] reported that males had 
larger joint spaces than females especially the SS and PS. In 
the study of Al-koshab et al. [10], condylar volume, width, 
and height in males were larger than in females. In our study, 
males did not provide an obvious superiority to females in 
terms of all parameters.

In the study of Tecco et al. [24], it was reported that the 
condylar volume was 691.26 ± 54.52 mm3 in males and 
669.65 ± 58.80 mm3 in females. Males showed a higher 
condylar volume when compared with females and males 
also showed a higher condylar surface area than females, 
without statistical significance. Saccucci et al. [25] reported 
that condylar volume was 699.8 ± 63.07 mm3 in males and 
663.5 ± 81.3 mm3 in females, however, the condylar surface 
was 423.24 ± 63.03 mm2 in males and 389.76 ± 61.15 mm2 
in females with the significant higher results in males. In 
our study, higher values of condylar surface and volume 
were found in both genders. They were no significant rela-
tionship between gender and condylar surface and volume. 
Similar to our study, Liu et al. [13] reported that there was 
no significant relationship between condylar volume, sur-
face, and left and right sides. They also reported no signifi-
cant relationship between volume and surface among age 
groups. This result was inconsistent with the result of our 
study. According to the study of Liu et al. [13], condylar 
volume was 1976.135 mm3 in males and 1867.607 mm3 
in females. The condylar surface was 963.084  mm2 in 
males and 911.552 mm2 in females. Condylar volume was 
1903.680 mm3 and 1923.804 mm3 in the left and right side, 
respectively while the condylar surface was 926.983 mm2 
and 933.457 mm2 in the left and right side, respectively. 
Condylar volume was significantly higher in males than 
females. And similar to our study result, it was reported that 
no significant differences were found in condylar volume and 
surface between right and left sides. In this study, it can be 
said that there were lower values than the study of Liu et al. 
[13] in most parameters. And again differently, no significant 

difference was found between the males and females in the 
measured factors except the left AS and SS. It can be said 
that the values in the parameters reported in most articles 
are higher in males, which is not compatible with the results 
of our study.

Similarly, in the study of Hasan et al. [26], the InVesalius 
software was used to perform the measurements. This soft-
ware is free and as valuable as Mimics software that is very 
expensive. So authors may perform reliable measurements 
by using the InVesalius software which is free and cheap 
[26]. So, in this study, we preferred using the InVesalius 
software because of these advantages.

There are some limitations in this study. The3-D volu-
metric analysis depends on the segmentation suitability, the 
threshold of bone voxel values, and the exact suppression 
of the neighbouring tissue values to enhance the structure 
of interest. There are some factors that analysis depends 
on such as the software features, the spatial and contrast 
resolution of the image, the thickness and calcification or 
cortication degree of bone, and the technical skill of the 
operator [25].

In conclusion, to the best of our knowledge, this is the 
first detailed study that was investigated both condyle and 
glenoid fossa morphology and condylar volume and surface 
area. Further studies will be useful to evaluate these param-
eters and understand the relationships between them.
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