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Background: To examine the detailed anatomy of the normal temporomandibular
Joint (TMJ) in a large series of patients divided into different age groups.
Materials and methods: Cone-beam computed tomography images of 100
patients included in the study. Morphometric analysis regarding mandibular con-
dyle and mandibular fossa, articular tubercle and the zygomatic arch was done.
The volumetric and surface measurements of mandibular condyles (total tissue
volume [TV], total bone volume [BV], bone surface area [BS] and percentage of
bony tissue of the mandibular condyle [BV/TV]) were also measured.

Results: Statistical analysis was performed and statistically significant differences
according to the side of the joint, sex, and age groups were reported. Additionally,
correlations between aging and all of these parameters were also determined.
Conclusions: TV, BV, BS and BV/TV parameters according to side, age, and sex
groups were defined for normal TMJ which may help to understand the onset

and progress of TMJ disorders. (Folia Morphol 2019; 78, 1: 174-181)

Key words: temporomandibular joint, cone-beam computed
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INTRODUCTION

The temporomandibular joint (TMJ) is a mobile
joint used during speech, mastication, and swallowing.
The joints on both sides form a functional unit and
they work synchronically. This joint lies in between
the condylar process of the mandible and mandibular
fossa (glenoid fossa) and the articular tubercle of the
temporal bone [9, 10]. The TMJ is a complex joint
because of its anatomical and histological differences
from other joints and its specific biomechanical char-
acteristics [14]. The joint’s surface is wholly convex in
the anteroposterior direction. However, it shows a mild

convexity in the mediolateral direction. Additionally,
the condylar process may have different shapes and
variations [6, 10]. The mandibular fossa has a concave
shape and its joint surface is 3-4 times larger than the
head of the mandible. The degree of convexity of the
articular tubercle is variable, and it has an important
role in the anterior movement of the mandible [6, 10].

In the literature, there are many studies on the
anatomy, histology, and biomechanics of the TMJ.
However, there are only a few studies in the litera-
ture describing the morphometry of the joint in an
anatomically normal population [7].
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The specific characteristics of the TMJ according to
age, sex, and position of the joint in anatomically nor-
mal patients are important clinically. In this study, the
authors aimed to examine the detailed morphometry
of TMJ in anatomically normal patients, which will
play an important role in understanding the aetiology
of joint disorders, the effects of surgical procedures in
this joint, the effects of diseases on TMJ, the effects
of surgical interventions in the head and neck region,
and age-related changes in TMJ.

MATERIALS AND METHODS

Study design

The study was performed in the Department of
Anatomy, Faculty of Medicine, Hacettepe University,
Ankara, Turkey by using the cone-beam comput-
ed tomography (CBCT) images of 100 anatomically
normal patients. The patients’ data were obtained
from the Department of Dentomaxillofacial Radio-
logy, Faculty of Dentistry, Ankara University, Ankara,
Turkey. All the patients had a normal TMJ structure
radiologically, and they visited the Radiology Depart-
ment between 2012 and 2017. All proposed subjects
agreed to participate in the study, and all provided
written informed consent. Ethical approval for the
study was obtained from University Ethics Committee
(GO 16/168-08). The study included 50 male and
50 female patients. The patients’ ages varied between
20 and 69 years (mean age 44 * 14.403). The pa-
tients were divided into five groups, and each group
included 10 patients. The age groups of male and
female patients were 20-29, 30-39, 40-49, 50-59,
and 60-69 years. The study population comprised
100 subjects: 50 (50%) females, 50 (50%) males, who
had undergone CBCT imaging for pre-evaluation of
impacted third molar and impacted teeth surgery.

CBCT protocol

The patients’ images were taken in the supine po-
sition using the standard protocol of CBCT (Planmeca
Promax 3D Max). While obtaining the images, the
mandible was in a closed position and the patient was
immobile. The images were recorded at 96 kVp and
10 mA, 575 X 575 mm image plane. The section thick-
ness was 0.4 mm and they were recorded in isotropic
400 um voxel. The images were obtained from the
level of fifth cervical vertebra up to the upper border
of the orbit. All the images were of 0.4 mm thickness
and they were obtained in coronal, axial, and sagittal
planes. Reconstructions and measurements were per-
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formed with a 21.3-inch flat panel and a TFT medical
screen having active a colour matrix (NEC MultiSync
MD215MG, Munchen, Germany) of 2048 x 2560 pix-
els, 75 Hz and 0.17 mm point character frequency of
11.9 bit. While obtaining the relation between the
mandibular fossa, articular tubercle, and mandibular
condyle, Romexis-Viewer (ver. 3.2.0, Planmeca) soft-
ware was used. For the measurements of the volume
and bone surface areas of mandibular condyles (MCA),
CT-analyser (ver. 1.12.9, Skyscan) software was used.
All the measurements of the study were performed by
two researchers in different periods and each research-
er took the measurements two times. There was a gap
of 2 weeks, between the measurements taken by both
the researchers. The statistical analysis of harmony of
the two researchers was also determined.

Measurements obtained from coronal sections

The images were calibrated by finding the mid-
line of the odontoid process in the vertical axis, and
both the TMJs were put into equal angulations in
the axial plane. The measurements were performed
using images in which the MCA were largest in pos-
teroanterior coronal images. In coronal sections, the
width of mandibular condyle, the distance between
the mandibular fossa and medial end of mandibular
condyle, the distance between the mandibular fos-
sa and lateral end of mandibular condyle, and the
distance between the mandibular fossa and most
upper point of mandibular condyle were measured.
For angular measurements, the angle between the
long axis of the mandibular condyle and horizontal
axis, the angle between the long axis of mandibular
ramus and vertical axis, and the angle between the
long axis of the mandibular condyle and the long axis
of the ramus of the mandible were measured (Fig. 1).

The width of the mandibular condyle (MCW) was
measured in the coronal section in which the head
of the condyle was observed as being the largest. In
this measurement, the distance between the medial
and lateral ends of the head was measured. For the
measurement of the distances between the mandib-
ular fossa and medial end of the mandibular condyle
(CONM-MF) or lateral end of the mandibular condyle
(CONL-MF), a vertical line was drawn toward the man-
dibular fossa. Additionally, the least distance between
the mandibular condyle and mandibular fossa in the
coronal plane (CONT-MF(C)) was calculated.

The angle in between the long axis of the mandib-
ular condyle and the horizontal plane (CLA-HA) was
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CONT-MEC)

Figure 1. Measurements obtained from coronal sections; MCW — the width of the mandibular condyle; CONL-MF — the distance in be-
tween the mandibular fossa and medial end of the mandibular condyle; CONT-MF(C) — the measurement of the least distance in between
the mandibular condyle and mandibular fossa in the coronal plane; CONM-MF — the distance in lateral end of the mandibular condyle,
CLA-HA — the angle in between the long axis of mandibular condyle and horizontal plane; RLA-VA — measuring the angle in between the
long axis of ramus of mandible and vertical plane; CLA-RLA — the angle in between the long axis of mandibular condyle and long axis

of ramus of mandible.

measured in the section in which the condyle was
observed as the largest. While measuring the anglein
between the long axis of the ramus of the mandible
and vertical plane (RLA-VA), the line drawn from the
posterior border of the ramus of the mandible was
accepted to be the long axis of the ramus. The angle
between the long axis of the mandibular condyle
and long axis of the ramus of mandible (CLA-RLA)
was also calculated.

Measurements of sagittal sections

The measurements were done using the widest
images of mandibular condyle obtained in lateral to
medial observations in the anteroposterior direction.
The measurements obtained in sagittal sections were
the distance between the mandibular fossa and tip
of the mandibular condyle, the distance between
the tip of the mandibular condyle and mid-point of
mandibular condyle, and the distance between the
mid-point of the mandibular condyle and mandibu-
lar fossa. Additionally, the curvature of the articular
tubercle was also measured.

For the measurement of the distance between the
mandibular fossa and tip of the mandibular condyle
from the sagital plane (CONT-MF(S)), the smallest
distance between these two points was accepted
as the tip point of the mandibular condyle. For the
measurement of the distance between a vertical line
was drawn through mandibular fossa from the tip
point for measurements. For the measurement of
the distance between the mid-point of mandibu-
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lar condyle and tip of mandibular condyle (CON-
Mi-CONT), the mid-point of the mandibular condyle
was obtained in the mediolateral direction and the
distance between this point and tip of the mandibular
condyle was measured. For the measurement of the
distance between the mid-point of the mandibular
condyle and mandibular fossa (CONMi-MF), a vertical
line was drawn through the mandibular fossa and
measurements were calculated. The curvature of the
articular tubercle (AT Tilt) was obtained from the an-
gle between the tangential line drawn to the posterior
border of the TMJ and Frankfurt horizontal plane [4].

Axial section measurements

In axial sections, the measurements were done
using the images in which the anteroposterior diam-
eters of the MCA of both sides were seen the largest.
For the measurement of the angle in between the
MCA of both sides, the two lines drawn parallel to
the anteroposterior diameters of the two condyles
were joined with each other in the mid-sagittal line
and the angle was calculated (Fig. 2).

Measurements by 3D remodelling of the bone
Three-dimensional (3D) remodelling was done
using the images in which the articular tubercle, zy-
gomatic arch, and mandibular fossa were observed
in the maximal clearance. By this method, the height
of the articular tubercle, the distance between the
articular tubercle and mandibular fossa, and the
angle between the long axis of the articular tuber-
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CONMECONT

Figure 2. Measurements of sagittal and axial sections. CONT-MF(S) — the measurement of distance in between the mandibular fossa and
tip of the mandibular condyle; CONMi-CONT — the measurement of the distance in between the mid-point of mandibular condyle and tip
of mandibular condyle; CONMi-MF — measurement of the distance in between the mid-point of mandibular condyle and mandibular fossa;
F — Frankfurt horizontal plane; AT-Tilt — the curvature of the articular tubercle; MCA — for the measurement of the angle in between the

mandibular condyles.

Figure 3. Measurements by three-dimensional remodelling of the bone; AT-Height — the height of the articular tubercle; AT-MF — the
distance in between the articular tubercle and mandibular fossa; AT-ZA Angle — the angle in between the long axis of articular tubercle and

transverse axis of zygomatic arch.

cle and transverse axis of the zygomatic arch were
measured.

The height of the articular tubercle (AT Height)
and the distance between the articular tubercle and
mandibular fossa (AT-MF) were also measured. For
the measurement of the AT-MF, the distance between
the deepest part of mandibular fossa and the most
inferior point of articular tubercle was calculated. The
angle in between the long axis of the articular tubercle
and transverse axis of zygomatic arch (AT-ZA angle)
was found by drawing a tangential line to the upper
border of the zygomatic arch and intersecting this
line with the mid-point of the base of the articular
tubercle (Fig. 3).

Measurements of the bony tissues belonging to MCA

The volumetric and surface measurements of the
bony tissues belonging to MCA were done using CTAn
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Table 1. Angle between mandibular condyles (MCA)

Mean = standard  95% confidence Minimum-
deviation interval —Maximum
MCA[] 135,51 + 15.23 132.49-138.54 94.49-168.93

(ver. 1.12.9, Skyscan) software programme. From this
programme, the images were transferred to computers
and in necessary cases 3D modelling was also performed
[4]. Bony tissues belonging to MCA were determined in
the axial images and the regions of interest (ROIs) were
chosen. Then, thresholding was done. In the selected
ROl areas, the total tissue volume of mandibular condyle
(TV), the total bone volume of mandibular condyle (BV),
the bone surface area of mandibular condyle (BS) and
percentage of bony tissue of the mandibular condyle
(BV/TV) were measured. All these measurements were
done bilaterally.
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Table 2. Descriptive statistics of variables and right / left joint differences

Right Left
Mean + SD 95% ClI Min—Max Mean + SD 95% ClI Min—Max P

MCW 16.68 = 2.55 16.17-17.18 11.38-23.54 16.43 + 2.54 15.93-16.94 10.43-25.29 0.232
CONM-MF 450 + 1.45 4.21-4.79 2-10 447 + 1.36 4.2-4.74 2-8.01 0.809
CONL-MF 6.86 = 1.85 6.49-7.23 3.2-116 6.67 = 2.35 6.2-1.14 2-128 0.323
CONT-MF(C) 307121 2.83-3.31 1-8.8 319115 2.97-342 1.6-6.4 0.288
CLA-HA 13.93 = 5.1 12.91-14.94 3.42-24.86 14.21 + 5.81 13.06-15.36 2.5-34.99 0.646
RLAVA 10.66 + 3.78 9.91-11.41 3.29-19.61 9.31 = 3.62 8.59-10.03 2.68-20.82 0.001*
CLA-RLA 91.09 = 12.23 88.67-93.52 32.66-106.1 92.58 + 9.64 90.66-94.49 38-114.21 0.262
CONT-MF(S) 334 +1.16 3.11-357 1-8 351128 3.26-3.76 1.6-7.21 0.086*
CONMi-CONT 3.60 =088 342-3.11 2-6 3.65 £ 0.95 3.46-3.84 2-8.01 0.531

CONMi-MF 6.97 + 1.53 6.66-7.27 3.6-12 7116 £ 1.77 6.81-7.51 4-13.61 0.162
AT Tilt 55.05 + 22.74 50.54-59.56 20.73-157.75 50.38 + 25.24 45.38-55.39 4.51-157.75 0.001*
AT Height 434 +122 4.09-4.58 15-85 427 +1.26 4.02-4.52 1.7-96 0.569
AT-ZA Angle 98.33 = 12.34 95.88-100.78 69.03-129.68 97.75 £ 12.46 95.28-100.22 70.09-126.93 0.596
AT-MF 9.53 + 1.96 9.14-9.92 3.7-134 9.60 + 2.05 9.19-10 5.1-15.3 0.701

v 1580.41 + 927.60 1396.35-1764.46  238.15-4181.21 1592.24 +982.24 1397.35-1787.14  221.76-4105.73  0.672
BV 884.52 = 557.18  773.97-995.08 118.2-2550.9  882.87 =592.28  765.35-1000.39  114.08-3651.25  0.946
BV/TV 56.94 + 14.42 54.08-59.8 22.56-85.47 57.48 + 16.28 54.25-60.71 24.67-89.13 0.568
BS 174219 = 817.12  1580.06-1904.33  406.45-4296.4 1696.05 = 831.56 1531.06-1861.05  404.14-4367.3 0.136

*Statistically significant p < 0.05, SD — standard deviation; Cl — confidence interval; Min-Max — minimum-maximum; MCW — the width of mandibular condyle; CONM-MF — the
distance in between the mandibular fossa and medial end of mandibular condyle; CONL-MF — the distance between the mandibular fossa and lateral end of mandibular condyle; CONT-
-MF(C) — the measurement of the distance between the mandibular fossa and tip of the mandibular condyle from the coronal axis; CLA-HA — the angle in between the long axis of man-
dibular condyle and horizontal plane; RLA-VA — the angle in between the long axis of ramus of the mandible and vertical plane; CLA-RLA — the angle in between the long axis of mandib-
ular condyle and long axis of ramus of mandible; CONT-MF(S) — the measurement of the distance between the mandibular fossa and tip point of the mandibular condyle from the sagittal
plane; CONMi-CONT — the distance between the tip point of mandibular condyle and mid-point of the condyle; CONMi-MF — the distance between the mid-point of mandibular condyle
and mandibular fossa; AT Tilt — the curvature of articular tubercle; AT Height — the height of articular tubercle; AT-ZA Angle — the angle between the long axis of articular tubercle and
transverse axis of zygomatic arch; AT-MF — the distance between the articular tubercle and mandibular fossa; TV — total tissue volume of mandibular condyle; BV — total bone volume
of mandibular condyle; BS — the bone surface area of mandibular condyle; BV/TV — the percentage of the bony tissue of mandibular condyle

Statistical analysis

The statistical analysis of the study was performed
using IBM SPSS Statistics 23.0 (IBM Corporation, Ar-
monk, NY, USA) programme. All the measurements
were done by two researchers at different times inde-
pendently and the reliability of the measurements was
compared by the Wilcoxon matched double sample
test. The normal distribution of all of the variants
was examined using the Kolmogorov-Smirnov test. In
descriptive statistics, mean =+ standard deviation and
minimum-maximum values were used. Additionally,
the related variants’ mean values in the universe were
given in 95% confidence interval. The differences
between the age groups and according to sex were
examined by the two-way ANOVA test. The signifi-
cance of the measurements between the right and
left joints was calculated by variance analysis. The
changes in the measurements according to age group
were detected with Pearson’s correlation coefficient.
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In all of the statistical analysis, a p-value less than 0.05
was considered significant.

RESULTS

The mean age of the patients was 44 + 14.403.
No statistically significant differences were observed
between the mean ages of the patients according to
sex (p > 0.05). Additionally, there were no statistically
significant differences between the measurements of
both researchers (p > 0.05).

The descriptive statistics of the angles in be-
tween the MCA are given in Table 1. In Table 2 MCW,
CONM-MF, CONL-MF, CONT-MF(C), CLA-HA, RLA-VA,
CLA-RLA, CONT-MF(S), CONMi-CONT, CONMIi-MF,
AT Tilt, AT Height, AT-ZA Angle, AT-MF, TV, BV, BS,
BV/TV are given.

The values of the parameters of the right and
left joints are found to be statistically significant
(p <0.05).
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In the examination of the whole parameters of the

right and left joints without taking the age and sex 2 z % ; Z z z g g éé
into consideration, two of the parameters showed - : ; ; ; : ; % .
statistical significance. These two parameters were g ; ; ; 2 Z : ; ; §§
RLA-VA (p < 0.001) and AT Tilt (p < 0.001) and both - RV TR
were found to be greater on the right joints. Addition- § g ,% 2 g i Z Z‘ i z §§
ally, the CONT-MF(S) showed a statistically significant ¥ i . i i : z : % : i
difference between the joint sides (p = 0.086) and § ; :f z : z i i ; ; gg
was higher on the left-joint side (Table 2). i N i ) f ) E f )
The results according to sex, without taking the age g E g i i z z % i ég
and joint side into consideration, showed statistically ST EE
significant differences for 8 parameters. From these ik i AREEHE R
parameters, the ones which were found to be higher - g— i § = 5" § Clg i ;5 s g e % ul
in males were CONT-MF(C) (p < 0.001), CONT-MF(S) RN A
(p < 0.001), CONMI-MF (p < 0.001), BS (p = 0.050), AT Tilt SRR O] |F 87
(p = 0.05), AT Height (p = 0.001), and AT-MF (p = 0.006). IR I I I I R A
Additionally, in females, the AT-ZA Angle (p = 0.005) was = 1B IE R OE|E é = [
found to be higher in value. Table 3 shows the descriptive 2 HBEBEEERE % g % % 43
analysis and comparison of sex and age groups. §; < 1B OIEOE R |EE % 55
After examination of all parameters according to ;é g g % I ? g % ? gz
age, without taking sex and joint side into consideration, SRR - I -
10 parameters showed statistically significant differenc- RERERHEE ? g ; § dn
es. CONT-MF(C) (p = 0.05), CONT-MF(S) (p = 0.023), SR
CONM-MF (p = 0.011), and CONL-MF (p = 0.018) meas- AEREREREREREREREREE
urements showed statistically significant differences SEHENE é & ; 3 |E°
among the different age groups. On examining the = 18 1=l 1=] (=] |E| (=] (B |E| |
measurements of the angle between the mandibular = % 8 |5 é z 3 é 8 g%
condyle and mandibular ramus among the age groups, gl 12 (=] |2 |2 |3] [2] |3| |B| |iq
RLAVA (p = 0.050) and CLA-RLA (p = 0.049) showed Bl |z |5 8] || |E |3 |5 8| =R
statistically significant differences. In the examination of J2l 15| |5 |z| |2 |2 |&] B |B| |ag
the volume and area measurements of the MCA among @ % 8 |z| 5| |z| |5 |3| |2 g é 28
age groups, TV (p = 0.012), BS (p = 0.024) and 2 \ilal |e| la| |<| lg| |2 [5] |2| |2 |..
BV/TV (p = 0.016) showed statistically significant differ- g 5 % s é g |zl |8 |s :g 2 |g%
ences. Additionally, AT-MF showed statistically significant 'E g Izl |2l |5 |3 |z| |z |8| |g| |.. g
differences among age groups (p = 0.035) (Table 3). 5 sl 13 |8 |3 |z |8 |5 |g| |2 |EF| ¢
On examination of the effects of age on other vari- o | |l [=lalalelzl szl . ol |, £
ables, CONM-MF (30%), CONL-MF (30%), CONT-MF(S) EIRbHE HEEBHHHEEEHBHEREL
(24%), BV (36%), BS (35%) showed a weak correla- E; ; ) ol s ; - - - . ) : - E
tion; MCA (15%), MCW (17%), RLA-VA (18%), CONMi- S|IB R E G| EE
-MF (15%), AT-ZA Angle (18%), BV (17%) showed EVLLEI L e :
a positive correlation with a weak relation. However, % % ; é é g g i g § é% é
the AT Tilt (-20%) and BV/TV (-27%) showed a neg- G |§|_ o 1ol ol 15l 1al 1. ; _ g
ative correlation with a weak relation. § % E 3 g Z : z z : E §§ S
In this study, 19 clinically important morphomet- § i Z | f N % f i fé
ric parameters were examined in 100 anatomically § g z z i z 3 2 i z ég %
normal patients. § BN T F
In coronal section measurements, Hilgers et al. [2] z gl (2| lz| |=| |2 || || |8] g |, |2
measured the MCW with CBCT and found it to E 8 18 2| 2] |4l 8] |8] |2 12| |E3 s
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be 18.83 mm. In that study, the authors did not
take the sex and joint side into consideration. In the
present study, this value was found 16.68 = 2.55 mm
on the right side and 16.43 + 2.54 mm on the left
side. Ikeda et al. [3] examined the CBCT images of
22 asymptomatic patients of ages in between 12
and 25 (10 males, 12 females). In this study, the
measurement of the distance in between the tip of
the mandibular condyle and mandibular fossa was
measured from the coronal axis. The authors found
the measurement values to be 2.6 + 0.4 mm in males
and 2.7 = 0.6 mm in females. Additionally, they found
no statistically significant difference among the sex
groups (p > 0.05). In the current study, a statistically
significant difference was observed in the sex groups
when the age had not been taken into consideration
(p < 0.001). The statistically significant difference ob-
served in the present study may be related to the higher
number of anatomically normal patients (p = 0.05).
Ueki et al. [13] performed the measurements of TMJ
before and 1 year after sagittal split ramus osteoto-
my. In patients having symmetrical joint disorders, on
the deviated side, the coronal section measurements
were found to be 12.7 + 13.8° for CLA-HA before the
operation and 12.3 = 11.1° 1 year after the surgery.
CONM-MF was 1.4 = 0.6 mm beforeand 1.5 = 0.6 mm
1 year after the surgery. The distance between the man-
dibular fossa and tip of mandibular condyle was found
1.8 = 0.6 mm before and 2.1 = 0.7 mm after surgery.
In another study, Ueki et al. [12] examined the chang-
es in condyle angle after the intraoral vertical ramus
osteotomy in 29 patients with prognathism. In pre-
operative measurements, CLA-HA was found 10.3 =
+ 11.4° on the deviation side and in postoperative
measurements, it was found 13.7 = 12.7°. The values
of the angle measurements of this study were very
close to the present study. However, the distances were
different. This difference in the present study may be
related to the examination done in anatomically nor-
mal patients and population differences.

In Zhang et al.’s [15] preliminary study, in coronal
sections, nearly similar parameters were examined.
The researchers found that the coronal condylar angle
(CLA-HA) was 12.05° on the right and 11.80° on the
left side in the normal population. Additionally, they
measured the coronal condyle width of 17.60 mm on
the right and 18.99 mm on the left side. Both of these
parameters did not show any statistically significant
difference in their study, and this was in accordance
with the present study’s findings.
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The RLA-VA and CLA-RLA parameters are basically
defined in the current study and RLA-VA showed
a statistically significant difference in between the
right and left joints. This difference may have an im-
portance in the biomechanics of the joint and force
distribution through the joint.

Ghristiansen et al. [1] examined the TMJ in 36
healthy patients by CT. In these measurements, they
found the distance in between CONT-MF(S) and the
joint cavity to be 2.3 + 0.9 mm and AT Tilt 59.6 =
= 12.4° in the sagittal sections. Similar to the
study of Ghristiansen et al. [1], in the current
study the authors measured the distance from
the tip of the mandibular condyle in the sagit-
tal axis and observed a statistically significant
difference between the two sexes (p < 0.001).
Additionally, in the comparison of the first age group
with others, statistically significant differences were
observed (p = 0.023). In the current study, AT Tilt
showed a statistically significant difference in be-
tween right and left sides (p < 0.001) and this finding
was different from the results of Ghristiansen et al.
[1]. In another study, Paknahad et al. [8] measured
the mandibular fossa in 40 patients with TMJ disor-
ders (TMD) and 23 controls. They observed the AT
Tilt mandibular fossa depth (CONMi-MF) higher in
patients with TMD (p < 0.05). Different from the
study of Paknahad et al. [8], in the present study,
the authors examined that parameter without taking
the side of the joint into consideration and found
a statistically significant difference between the two
sexes (p < 0.001). SUmbdlli et al. [11] examined the
morphology of articular tubercle in 52 patients with
TMD and compared it to that in 41 healthy patients
in CBCT. Different from the findings of Simbdallu et
al. [11], AT Tilt angle showed a statistically significant
difference according to sides (p < 0.001) and sexes
(p = 0.05) in the current study. This main difference
in between the two studies is explained by the current
study’s high number of patients.

In measurements done in sagittal sections, the
CONMI-CONT is basically described in the present
study. Additionally, the bone surface area was firstly
measured in the present study and this parameter was
important when evaluated with the other parameters.

AT Tilt has an importance in the movement of man-
dibular condyle in mandibular fossa and TMD. This value
showed a statistically significant difference in between
right and left sides in the current study. Additionally, the
RLA-VA (p < 0.001) value was higher on the right side
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in the current study, which may have been important
for the biomechanics of the TMJ and force distribution.

In the literature, there are only a few studies com-
paring the CONT-MF(C), CONT-MF(S), and CONMi-MF
measurements between the sexes [1, 3, 8]. In the pres-
ent study, all of these values were found to be higher
in males in large series comparisons. Additionally, in
the present study, BS, AT Tilt, AT Height, AT-MF also
showed higher values in males. The current study
morphometric measurements related to articular tu-
bercle will be important for the future studies. Know-
ing the value of AT-MF in normal population will also
be a new finding for the zygomatic arch traumas. The
AT-ZA Angle was firstly described in this study and it
was higher in females when compared with males.
This parameter will be important for patients who
need long implants to the zygomatic bone.

When all of the parameters are discussed ac-
cording to age groups only, CONT-MF(C) (p = 0.05),
CONT-MF(S) (p = 0.023), CONM-MF (p = 0.011), and
CONL-MF (p = 0.018) showed a statistically significant
difference. Although there are some studies in the
literature that compare these parameters [1, 3, 13,
15], none of them made the comparison between
age groups. When comparing the angle in between
mandibular condyle and mandibular ramus between
the age groups, the RLA-VA (p = 0.050) and CLA-RLA
(p = 0.049) showed a statistically significant differ-
ence. Although there are some studies that compare
these parameters [12, 13], none of them compared
these parameters between the age groups. In the
comparison of the bone volume and surface meas-
urements between the age groups, TV (p = 0.012),
BS (p = 0.024), and BV/TV (p = 0.016) showed
a statistically significant difference. In the literature,
there were no studies examining the TV, BV, BS and
BV/TV according to side, age, and sex groups. AT-MF
showed a statistically significant difference between
the age groups (p = 0.035).

In the present study, the examined parameters
are detected according to age and these values will
support the Moss' functional matrix theory [5].

The obtained values in many parameters of the
healthy population and their relations with each other
will also have an importance in 3D modelling.

CONCLUSIONS

The characteristics of TMJ according to age, sex,
and joint side must be well known in a healthy popu-
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lation, in order to understand TMD better. The current
study will help understand the aetiology of TMD,
the effects of surgical interventions on the joint, the
effects of secondary diseases on the joint, the effects
of head and neck surgery on TMJ, and the effects of
aging on this joint can best be explained.
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