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Abstract

Objective: The purpose of this study was to assess the morphological parameters of the temporomandibular joint (TMJ) using magnetic resonance imaging in
patients without TMJ pathologies. The findings of this investigation are expected to serve as reference values for clinical diagnosis and scientific research on
temporomandibular disorders.

Methods: Magnetic resonance imaging images of 41 adult patients were examined. The condyle and glenoid fossa measurements were made in the sagittal
plane. They were grouped by age, gender, and side, and statistical analysis was performed using the quantific anatomical values measured on magnetic resonance
(MR) images.

Results: No statistical difference was observed between gender groups regarding all parameters. There was a significant, negative, low-level correlation between
age and anterior condylar angle (ACoA) measurements on the left side. Considering the side comparisons, higher Glenoid Fossa Width (GFW) values (P=.030)
were measured on the left side than on the right side. A significant, negative, low-level correlation between age and ACoA measurements was observed.
Conclusion: The correlation between age and ACoA measurements and GFW difference between different sides of the TMJ were the positive findings to be
mentioned for his investigation. The morphological analyses focused on this anatomical region still need to be confirmed by the measurements performed on
larger populations, since there are not many articles reporting specific results on this subject.
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INTRODUCTION

The temporomandibular joint (TMJ) is located between the fossa mandibularis and tuberculum articulare in the temporal bone and the caput man-
dibularis of the mandible. It is the only movable joint among the bones that make up the skull skeleton. There is an oval-shaped discus articularis
between the joint surfaces. The discus articularis surrounds the joint surfaces all around and is adhered to the joint capsule. Temporomandibular
joint is a synovial joint classified as a ginglymoarthrodial joint due to its surface shape and biaxial movements, rotational movement within the gle-
noid fossa, and translational movement along the articular process when opening the mouth.' Temporomandibular joint is one of the rarely encoun-
tered joints in the human body covered with fibrocartilage instead of hyaline cartilage.? It is thought that there is a certain correlation between
the morphology of the TMJ and the functional loading from chewing forces.® The size and shape of the articular disc and condyle were found to
be substantially correlated with the onset of TMD in earlier research. In particular, the articular disc’s size and morphology tightly correlate with
the disc’s anterior displacement, and the condyle’s size and morphology strongly correlate with the development of osteoarthritis.* There may be
changes in TMJ morphology with aging, and differences between genders may occur.

Various imaging methods have been used to evaluate the morphology of the TMJ, such as panoramic radiography, computed tomography (CT),
magnetic resonance imaging (MRI), cone beam computed tomography (CBCT), and ultrasound.>” Magnetic resonance imaging is the most pre-
ferred imaging modality due to its high resolution of soft tissue and cartilage. Additionally, by using magnetic resonance, it has the advantage of
being a non-ionizing radiation imaging procedure compared to CT.}

Temporomandibular disorders (TMDs) are the most common diseases in the mouth, teeth, and jaw area.’ The aim of this study is to provide infor-
mation to the literature by investigating the morphological properties of TMJ components with regard to age and gender groups using MR images.
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MATERIAL AND METHODS

Patients

Our Institutional Ethics Committee approved this retrospective cross-
sectional study. Since it was a retrospective study, informed consent
was not required. This study has been approved by the Institutional
Ethics Commitee of Clinical Researches Erzincan Binali Yildirim
University non-invasive clinical research ethics committee (Number:
348349 2024-04/02, Session: 03, Date: 21.03.2024).

After ethics committee approval, all patients in a certain period of
time (August 1, 2020 to December 31, 2023) over the age of 18 who
underwent MRI examination for TMJ were included in the study. In
the image archives, patients with bone damage such as osteoarthritis,
traumatic arthritis, and infectious arthritis, and patients whose MR
images cannot be reached in the medical records and image archives
were excluded. Patients whose MR images were not suitable for evalu-
ation due to artifacts or technical deficiencies (n=2), and patients under
the age of 18 (n=2) were not included in the study. Patients with non-
contrast MRI examinations with indications such as muscle diseases,
intra-articular deformities, disc dislocations, intra-articular inflamma-
tory diseases, and mandibular hypomobilities were studied. Following
exclusions, 41 patients were re-interpreted regarding the morphologi-
cal properties of the TMJ.

Magnetic Resonance Imaging

All temporomandibular MR images were obtained using T2-weighted
coronal, T2-weighted sagittal, and T1-weighted sagittal planes. Sagittal
plane T1-weighted closed-mouth images were used for morphologi-
cal assessments. The imaging parameters were as follows: field of
view (FOV): 140 mm, time of repetition (TR): 643 ms, time of echo
(TE): 17, slice thickness: 2.5 mm, voxel size: 0.5 x 0.5 x 2.5 mm for
T1-weighted MR images.

Measurement Technique

We assessed the anterior—posterior length of condyles (AP
LENGTHCo) in the sagittal plane MR images. AP LENGTHCo was
measured as the interval between the most anterior and the poste-
rior-most point of the condyle. The anterior condylar angle (ACoA)
was assessed in the sagittal view as well and measured as the angle
between the neck and head of the condyle using the anterior edges of
these structures. Sagittal planes were also used for the articular fossa
measurements. Glenoid Fossa Width (GFW) was determined as the
distance between the post-glenoid process and the vertex of the joint
eminence. The distance between the highest point of the fossa and
the line between the post-glenoid process and the articular eminence
vertex was considered for the assessment of the Glenoid Fossa Depth
(GFD) in the study (Figure 1).

MAIN POINTS

e Previous studies revealed that the size and morphology of the mandib-
ular condyle strongly related to temporomandibular dislocation onset.

e No significant statistical difference was found between male and
female groups regarding the APLENGHTCo, GFW, GFD, ACoA
measurements.

* A significant, negative, low level correlation between age and ACoA
measurements was revealed on the left temporomandibular joint.

* Higher GFW values were measured for the left temporomandibular
joint compared to the right side.

40

Figure 1. Measurement technique of the morphological parameters. The
interval between the most anterior and posterior edges of the mandibular
condyle as APLengthCo (A). ACoA was measured from the anterior edge, as
the angle formed between the head and the neck of the mandibular condyle
(B). GFW was determined as the distance between the post-glenoid process
and the vertex of the joint eminence (C). The interval between the highest
point of the fossa and the line between the post-glenoid process and the
articular eminence vertex was considered as GFD (D). All measurements were
performed on the sagittal MR images.

Statistical Analysis
Statistical analyses were performed using SPSS version 22.0 software
program for Windows (IBM SPSS Corp.; Armonk, NY, USA). The per-
centage, frequency, mean, standard deviation, median, minimum, and
maximum values were taken into account to be used or presented for
descriptive statistics.

Glenoid fossa width, GFD, and APLENGHTCo values showed normal
distribution in the Shapiro—Wilk Test. Therefore, parametric test proce-
dures were used for comparisons regarding age and gender differences.
In this context, the independent samples #-test was used to determine
the relationship between the parameters. In order to perform the statis-
tics regarding the ACoA, non-parametric tests were applied to indicate
these relationships due to the data distribution characteristics. Thus,
Mann—Whitney U and Spearman’s rho correlation tests were carried
out for this parameter and related statistical calculations.

The results were evaluated within the 95% CI, and a P < .05 was con-
sidered to indicate statistical significance.

RESULTS

There were 41 MRI images re-interpreted to reveal the morphologi-
cal properties of the TMJ in this research (the mean age was 39.45 +
14.02). Thirty-one (75.6%) of them were females, and 10 (24.4%) were
males in the study group (Table 1).

No significant statistical difference was found between male and
female groups regarding the APLENGHTCo, GFW, GFD, and ACoA
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Table 1. The Measurement Results of the Morphological Parameters Regarding Sexes

Female Male Total
Parameter Min Max Mean SD Min Max Mean SD Min Max Mean SD
APLengthCo 2,73 10,27 6,03 1,60 3,50 7,83 5,35 1,33 2,73 10,27 5,86 1,56
ACoA 107,50 159,63 142,36 10,25 113,55 156,04 141,04 11,00 107,50 159,63 142,04 10,38
GFW 10,54 19,89 15,38 1,90 11,28 18,41 14,90 1,57 10,54 19,89 15,26 1,82
GFD 1,36 6,83 3,71 1,03 1,28 6,09 3,68 1,10 1,28 6,83 3,71 1,04

Min, Minimum value; Max, Maximum value; SD, Standart deviation; APLengthCo, Anteroposterior condyle length; ACoA, Anterior condyle angle; GFW, Glenoid fossa width; GFD,

Glenoid fossa depth.

measurements. Age was another aspect studied in this research, and
a significant, negative, low-level correlation between age and ACoA
measurements on the left side.

In the comparison of the right and left sides for all of the measured
parameters of the patients, a statistically significant difference for
GFW value (P=.030) was observed, with higher GFW values mea-
sured on the left side compared to the right side for this parameter.
APLENGHTCo, GFD, and ACoA values indicated no difference
between the measurements on the left and the right sides.

DISCUSSION

This study focused on the versatility of the morphological features of
the temporomandibular joint according to gender and age. According
to the research results, no statistically significant differences were
found when APLENGTHCo and GFD parameters were evaluated in
terms of age, gender, and side. A significant, negative, low-level cor-
relation was found between age and the left ACoA. When evaluated by
side, it was seen that the GFW value of the left side was higher than
on the right side.

The TMJ is one of the most significant and unique joints in the human
body regarding its biomechanical features, but especially consider-
ing the cartilaginous content of this articulation. Understanding the
anatomy of the TMJ is essential for distinguishing anatomical varia-
tions and pathological conditions.! Morphological variations of the
components of the TMJ are significant in understanding the TMJ’s
normalcy, function, and potential pathological conditions, as well as
offering suitable management and treatment.!" Several studies have
been undertaken to investigate the relationship between morphological
and morphometric variations of the TMJ and their associations with
pathological alterations based on gender and age.'>'* The inclination
of the articular eminence can affect the range of condyle excursion
movement.® Patients with accentuated articular eminences had broader
condyle—disc movement during function, which can increase the risk
of elongating the posterior ligament and causing disc problems.!> The
articular eminence shape and inclination have also been identified as
predisposing variables for disc dislocations."

Even though the cortical borders of the bone can be visualized clearly
by CT, MR images were chosen to perform the measurements in this
study. The tendency of clinicians and surgeons to choose MRI instead
of CT, due to the ability for detailed soft tissue imaging and visual-
ization of the articular cartilage along with other bony compartments,
provided a larger patient pool and data to study with a higher number
of patients to measure.

In numerous reports mentioning temporomandibular dislocation, the
morphological properties were revealed to be significantly associated
with structural changes within the TMJ. Research shows that there is a

relationship between condyle size and disc displacement. It is thought
that the risk of developing TMD is higher in individuals with small
condyle sizes.'

According to APLENGHTCo measurements, Coombs et al (n=22) and
de Pontes (n=186) found that males had higher values than females in
their study results, with both researchers using MR images to obtain
data.'”!® Regarding the studies using CBCT, Yasa et al (n=400) and
Al-koshab et al (n=200) found higher APLENGHTCo measurement
results in males parallel to those MRI studies.!** In this current study,
no significant statistical difference was found between males and
females.

Derwich et al (n=210) performed GFD and GFW measurements using
CBCT; however, the researchers did not evaluated the results in terms
of gender. The average GFD was 9.8 mm and the average GFW was
20.5 mm according to their study results.?! In this current research,
GFD and GFW were evaluated and analyzed regarding age, gender,
and different sides. The final results of this study indicated that only
the left GFW values were higher than the right side, and no other dif-
ferences were observed regarding these parameters in terms of age and
gender.

There are few studies in the literature on ACoA measurements and the
data distribution of this parameter concerning age and gender.

In the literature, ACoA measurements were mentioned in Torres et al’s
study; however, the study compared the patients with and without
temporomandibular disc dislocations and did not address gender com-
parisons in normal individuals.’? There was a significant, negative,
low-level correlation on the left side between age and ACoA measure-
ments in this current study presented to the literature.

Before analyzing the study results of this current research, readers
should be aware of some limitations in planning, the study process,
and considering the data pool of this investigation. First of all, the
measurement data were examined based on a single reviewer’s mea-
surements, without considering intraobserver agreement. Having two
or more reviewers would help compare results from different review-
ers and identify interobserver differences. This would also be benefi-
cial for the accuracy of the study results. The sample size of the study
was relatively small, as the data were obtained from a single health
center. A larger sample size, including different institutions or vari-
ous geographical regions, would be better and may influence the study
results. To maximize the study population, MR images were chosen
as clinicians prefer this modality more than other imaging procedures
to examine the joint and the articular disc simultaneously. However,
CT images would be more effective to measure the bony morphology,
which has been investigated in this research. The data obtained by
radiological measurements on MR images could not be verified with a
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gold standard, such as surgical outcomes, and may not reflect accurate
results as measurements performed in cadaveric studies. This situation
can be considered another limitation of this study.

There is limited literature on the morphological analyses of the tem-
poromandibular joint and its relationships with age and gender. This
investigation found a significant, negative, low-level correlation
between age and ACoA measurements. Additionally, both temporo-
mandibular joints of each individual were compared with each other
regarding the morphological parameters, and higher GFW values were
measured on the left side compared to the right side for this anatomical
approach.
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