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ABSTRACT

Temporomandibular joint disc displacement is common in the world’s population and could
be associated with bone and functional characteristics of the temporomandibular joint.
Objective: to analyze the association between temporomandibular joint disc position
evaluated by magnetic resonance imaging (MRI) and the inclination of the mandibular
condyle evaluated by computed tomography (CT).

Methods: 170 temporomandibular joints (TMJ) were retrospectively analyzed. The
temporomandibular disc position was evaluated by MRI and classified into three types:
normal (N), disc displacement with reduction (DDWR) and disc displacement without
reduction (DDWoR). The mandibular condyle measurements evaluated by CT included
horizontal, sagittal and coronal inclination. ANOVA followed by post hoc Tukey's test was
used to evaluate the interaction between condylar inclination and disc position.

.Results: There was an association between disc position and the horizontal and sagittal
condylar inclination (p<0.05). There are statistically significant differences in the mean of
horizontal and sagittal inclination of the mandibular condyle between the DDWoR and the
other disc positions (p=0.002 and p=0.004). Disc position was not statistical associated with
coronal inclination of condyle (p> 0.05).

Conclusions: These results indicate that the inclination of the mandibular condyle may be
different in TMJ with various disc position. A more medial horizontal inclination and a more

posterior sagittal inclination of the mandibular condyle are associated with DDWoR.
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magnetic resonance imaging, computed tomography.



INTRODUCTION

The temporomandibular joint (TMJ) is part of the craniofacial complex and is made up of a
large number of structures and elements, making its operation complex, so that small
alterations can cause a wide variety of functional problems* These problems are known as
Temporomandibular Disorders (TMD), a generic term covering a group of musculoskeletal
and neuromuscular conditions that affect the TMJ, the masticatory muscles and all

associated tissues.?3

The TMD are a major health problem, affecting more than 50% of the world's population at
some point in their lives and usually occurs in children, youth and adults of all ages and

gender.*®

TMD can be classified into two major categories: temporomandibular joint disorders and
masticatory muscle disorders.?2® Among the disorders of the TMJ are the alterations of

the intra-articular mobility and the disorders of the disc-condyle complex.2®

Disorders of the disc-condyle complex consist of an abnormal position of the articular disc

with respect to the mandibular condyle and the articular eminence. "-°

Abnormal disc position or disc displacement has often been diagnosed in patients of diverse
populations and can occur even in the growing population and is considered to be a
condition that may worsen over time.'%!! It has been observed that disc displacement of the

TMJ is able to produce pain,° dysfunction and bone changes in the joint surfaces. 101213

For imaging evaluation of the TMJ, the MRI is considered the gold standard, since it allows
obtaining soft tissue images of excellent contrast and has the advantage of being a free

ionizing radiation test'416, While computerized tomography (CT) is considered the most
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accurate of traditional radiographic techniques to obtain images of TMJ and evaluate hard
tissues.!” Recently, conical beam CT (CBCT) has been developed as an alternative to
conventional CT for dental and maxillofacial diagnosis, with the benefit of lower ionizing
radiation for the patient.'® In general, there seems to be no significant differences in

diagnostic accuracy for hard tissues of TMJ between CBCT and conventional tomograms.*’

Several hypotheses have been proposed to explain the etiopathogenesis of disc
displacement, including macro and microtrauma in the joint, lack of muscle coordination,
ligamentous laxity, changes in TMJ lubrication, postural disorders, stress and depression.*®
Likewise, the anatomical and functional changes of the osseous structures of the TMJ have

been associated with disc displacement. 20-2°

The aim of this investigation was to analyze the association between TMJ disc position

evaluated by MRI and the inclination of the mandibular condyle evaluated by CT.

METHODS

This retrospective cross-sectional study was based on the analysis of MRI and CT obtained
from subjects who were referred between 2014 and 2016 to a diagnostic imaging center.
The study group was retrospectively selected from the database of institutional images
based on the availability of MRI and CT images made with a difference of less than seven
days. Diagnostic images involving ionizing radiation were not routinely taken as part of the
research protocol. All imaging studies were indicated by the treating physicians of the
patients, and the most common reasons for referral were joint noise, jaw locks, limited mouth
opening and/or symptoms of ENT (ear, nose and throat). All subjects gave written informed
consent about the risks and benefits of conducting these studies, as well as the potential

use of the data in future research studies. This study followed the Declaration of Helsinki on



medical protocol and was endorsed by the Institutional Bioethics Committee of the Faculty

of Dentistry of the Central University of Venezuela (CB-017-2017).

Were included in the study patients over 11 years of age, both genders, with CT and MRI of
TMJ taken less than 7 days apart. The following exclusion criteria were used: patients with
congenital craniofacial malformations or with previous traumas in the area, syndromic
patients or with tumors or neoplasms of the head and neck and those who reported systemic
inflammatory arthritis or who had undergone maxillofacial surgery or who were under

pharmacological treatment.

The final sample was of 170 TMJs, corresponding to 85 patients (62 females and 23 males)

aged 11-44 years (mean age 22.6 + 10.88 years).

TMJ MRIs were obtained with an MRI scanner OpticaMR360® GE 1.5-Tesla model (General
Electric Medical System, Milwaukee, WI) and with a bilateral 7.5 cm TMJ antenna. Subjects
were placed in supine position, with the condyle in the isocenter of the gantry, the Camper’s
plane perpendicular to the resonator table. Based on an axial image, 3 mm thick sections
were obtained in the oblique sagittal plane (perpendicular to the anteroposterior longitudinal
axis of the mandibular condyle) and oblique coronal plane (parallel to the lateromedial axis
of the mandibular condyle). For each TMJ (right and left) the following sequences were
obtained: oblique sagittal T1-w, oblique sagittal T2-w, oblique sagittal proton density (PD)
and oblique coronal T1-w in closed mouth position and oblique sagittal PD in opened mouth.
At the maximum opened mouth position, the subjects were instructed first to open their
mouths as far as possible without discomfort. While maintaining a maximum opening, plastic

blocks were placed in their mouths during the imaging process.

Tomographic images were obtained with a Multislice Bright Speed ELITE® multidetector

(General Electric Medical System, Milwaukee, WI). with each slice being 0.625 mm
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thickness. The subjects were placed in supine position, with the Camper horizontal plane
perpendicular to the scanner table. The gantry had a zero inclination. TMJ images were
obtained in the closed mouth. After the scanning was completed, digital imaging and
communication in medicine (DICOM) were created with a 1.0 mm slice thickness. The
acquired 2D CT DICOM data were then input into a personal computer. The image
evaluation was performed using the AWCOD software of the Advantage Workstation

AWCID 4.6-2010 workstation (GE Healthcare).

The images were interpreted by three trained researchers, one experienced radiologist and

two orthodontists with experience. Images that were not clear enough were excluded.

The position of the articular disc was evaluated in TMJ MRIs in the maximum intercuspation
and in the full open-mouth position. The combination of both positions constituted the

position of the articular disc.

The evaluation of the position of the disc position in closed-mouth was performed in the
sagittal and coronal planes:Normal disc position: in the sagittal plane, relative to the superior
aspect of the condyle, the border between the low signal of the disc and the high signal of
the retrodiscal tissue is located between the 11:30 and 12:30 clock positions and the
intermediate zone is located between the anterior-superior aspect of the condyle and the
posterior-inferior aspect of the articular eminence; in the oblique coronal plane, the disc is
centered between the condyle and eminence in the medial, central, and lateral parts. Disc
displacement: when the low signal of the disc and the high signal of the retrodiscal tissue
are located anterior to the 11:30 clock position relative to the superior aspect of the condyle
and , the intermediate zone of the disc is located anterior to the condyle or the disc is not
centered between the condyle and eminence in either the medial or the lateral parts in the

axially corrected coronal plane.389:26



The evaluation of the disc position in open-mouth, may present the following positions:
normal disc position when the intermediate zone of the disc was between the articular
eminence and the condyle articular surface or persistent disc displacement when the
intermediate zone is located anterior to the condylar head.32"-2°
The TMJ disc position was obtained from the combination of the closed-mouth and open-
mouth positions and a final diagnosis was formulated for each joint. It was divided into three
categories according to the following criteria: 3(Figure 1)

1. Normal (N): Disc location is normal on closed- and open-mouth images.

2. Disc displacement with reduction (DDWR): Disc location is displaced on closed-

mouth images but normal in open-mouth images
3. Disc displacement without reduction (DDWOoR): Disc location is displaced on

closed-mouth and open-mouth images.

The following inclination of the mandibular condyle was obtained in grade by CT in a closed
mouth: the horizontal condylar inclination angle formed between the long axis of the condyle
and sagittal midline in the axial plane. Sagittal midline corresponds to the line passing
through the basion and the crista galli apophysis 2%3%-32 (Figure 2). Sagittal condylar
inclination: Angle formed between the axis of the condyle and the tangent of the mandibular
branch in the sagittal plane. The axis of the mandibular condyle corresponds to the line
joining the uppermost point of the mandibular condyle to the midpoint of a line perpendicular
to the tangent of the branch thatinterceptsthe  outermost point of
the mandibular condyle and the anterior contour thereof 3133 (Figure 3). Coronal condylar
inclination: Angle formed by the intersection of the line connecting the center (CC) and
laterosuperior point (PLS) of the mandibular condyle with the midsagittal plane in the coronal
plane. CC: condyle center located in the axial plane at the intersection of the largest
lateromedial diameter with the largest anteroposterior diameter. PLS: intersection of a
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tangent to the condyle’s upper edge with a tangent to the condyle’s side edge in the coronal

section where the center of the mandibular condyle is located 32 (Figure 4).

A pilot study was conducted to determine the reliability of the data collection procedure. It
randomly included 15 subjects (30 TMJ). A 2-week interval was using for the intra-rater
reliability. To test the condylar inclination reliability, intra-class correlation coefficients (ICC)
were calculated for each examiner. The reliability of the horizontal condyle inclination was
considered as excellent (ICC=0.954, 0.923 and 0.918) and that of sagittal and coronal
condyle inclination as good (ICC=0.728, 0.786 and 0.792 and ICC=0.726,0.764 and 0.739
respectively). The intra-examiner reliability of the disc position was determined using
Cohen’s Kappa. The Kappa value for each examiner was 0.85, 0.87 and 0.89 respectively,
which were considered as very good. Inter-rater reliability for quantitative data was assessed
with inter-class correlation coefficient (ICC) and for qualitative data with Cohen’s Kappa. The
reliability of horizontal condyle inclination was considered as very good between examiners
(ICC=0.832), and that of sagittal and coronal condyle inclination as good (ICC=0.711 and
0.724 respectively). The reliability of disc position between examiners was k=0.89,
considered as very good. Consequently, all measurements were considered suitable for
usage in the study.

The data was performed using SPSS software, version 21.0 (SPSS Institute Inc., Chicago,
USA). A descriptive analysis was performed through statistical frequencies for qualitative
variables, for continuous variables parameters were expressed as mean * SD (standard
deviation). ANOVA followed by post hoc Tukey's test were used to assess the statistical
association between TMJ disc position and the inclination of the mandibular condyle.

Statistical significance was defined as p < 0.05.



RESULTS

One hundred seventy TMJs were analyzed of 85 subjects (62 females and 23 males, mean
age 22.6 + 10.88 years). The frequency of the observed TMJ disc position was normal
position (N) in 20 TMJ (11.8%), disc displacement with reduction (DDWR) in 101 TMJ
(59.4%) and disc displacement without reduction (DDWOoOR) in 49 TMJ (28.8%). A statistical
association between disc displacements and gender (p = 0.002) was observed, with more

frequent disc displacements in females.

For the associations between the TMJ disc position and mandibular condyle inclinations, it
was decided to use the complete sample, since no differences were observed in the
associations under study by age groups separated: growing patients (11-18 years of age)

and adults (> 18 years old).

There was no statistical difference between TMJ disc position and coronal inclination of
mandibular condyle (p=0.285). There was a statistically significant difference between the
TMJ disc position and the horizontal and sagittal inclination of mandibular condyle (p=0.002
and p=0.004 respectively) (Table 1). The post hoc test revealed that there are statistically
significant differences in the horizontal inclination of the mandibular condyle between the
DDWOoR and the other disc positions (p=0.002). When observing the means of the horizontal
angle of the mandibular condyle in the different disc positions, it is evident that DDWoR
presents the lowest mean (57.74 ° £ 9.09 °) with respect to the rest of the positions. In
sagittal inclination, multiple comparisons also indicate a significant difference in the mean of
the DDWoR with the other two groups (p = 0.004), with a greater mean of this angle

observed in cases with disc displacement without reduction (8.05° + 4.61°)



DISCUSSION

The results obtained in this study are based on the analysis of MRI and CT, methods
reported as gold standards for the evaluation of the structures of the TMJ.1>34 However,
CBCT is suggested as an alternative of lower radiation dose for patients'”3®, The sample of
this study was obtained by retrospective recruitment of images from a Diagnostic Center for

imaging based on the availability of CT and MRI.*’

It was not possible to perform the clinical evaluation of the patients, due to the retrospective
collection of the images. The clinical data found in the reports of the referring physicians

were incomplete and therefore were not incorporated in the analysis.

As in other studies, disc displacements showed a significantly higher prevalence in
females.8°36:37 However, studies such as Foucart et al 3., Larheim et al.?6 and Crusoé-
Rebello et al. *° do not reflect gender difference in disc displacement prevalence. The
causes of the increased prevalence of disc displacement in females are not entirely clear,
however, some theories have been proposed. The first one states that this difference is
related to a greater demand for treatment of women and not with increased susceptibility to
degenerative diseases of TMJ.*° Another suggests that the difference is due to a change in
collagen metabolism associated with joint laxity of genetic origin. *® Some studies also
suggest that estradiol, the female sex hormone, induces proinflammatory cytokines,

aggravating the inflammation of the TMJ.3637

The DDwWR was the most prevalent disc position (59.4%), as reported by other studies.?%41:42
The disc reduction capacity has been related to anatomical characteristics of the mandibular
condyle and mandibular fossa.?>?* When the displacement is complete, the condyle tends
to move closer to the articular eminence, pressing retrodiscal tissue, minimizing the

possibility of reduction.? Adapting the articular disc between the osseous components of the
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TMJ either at rest as in the opening and closing movement of the mouth is partly guaranteed
by its morphology and by ligaments that support it. 4344 However, this adaptation can be
influenced by some parameters of joint bone morphology such as the inclination of the

mandibular condyle. 203945

In this investigation, a positive association between the horizontal condylar inclination and
articular disc position was found. Busato et al.?’ and Raustia et al. 4° consider that horizontal
condylar inclination is a variable dividing healthy individuals from patients with disc
incoordination. Williamson et al.*®> evaluated horizontal condylar inclination, between the
axial condylar axis and the sagittal midline, finding an association between this inclination

and the joint condition, as reported in the present study.

The means of the horizontal angle of the mandibular condyle showed that the DDWOoR has
the lowest average (57.74°), the condyle is more medially rotated. Crusoé-Rebello et al.®®,
Kurita et al.*® and Pregatz et al. #” assessed the horizontal inclination in MRI by relating it
to a coronal plane, so that the increase in the angle represents condyles turned towards
medial, while reduced angles represent condyles turned laterally or more horizontally. The
results obtained by Crusoé-Rebello et al.*® showed that the average value of the horizontal
condylar angles was higher in individuals with a positive diagnosis of disc displacement.
Similarly, Kurita et al.*¢ found that higher angles, that is, rotated medially, were associated

with the displacement without reduction, as reported in the present study.

In coincidence Westesson et al.*® reported that the horizontal condylar angle becomes
increasingly larger, the condyle rotated towards the medial, with more advanced changes
related to disc displacement (DDWoR > DDWR > N). These authors report that there are
several possible explanations for the increased horizontal angle in joints with disc

displacement. Joints with a greater condylar angle (rotated medially) may have a greater
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tendency to disc displacement due to the greater tendency of lateral ligament stretch during
mouth opening movements. Another explanation could be that the remodeling associated
with disc displacement may result in a greater condylar angle. Reinforcing this explanation,
Sulun et al.*® propose that the difference between the horizontal condylar inclination in
patients with disc displacement and asymptomatic volunteers may be the result of

remodeling or degeneration caused by the disorder.

In contrast, Pregarz et al.*’ reported results in which more horizontal condyles were
associated with disc displacement without reduction. While Amorin et al.*? found no

association between the horizontal condylar inclination and disc displacement.

The sagittal condylar inclination was associated with the position of the articular disc in the
sample studied, showing that the DDWoR occur in more distally inclined condyles as also
reported by Ahn et al. 3* who observed that the small and distally inclined condyles were
evident in subjects with DDWoR. This might be related to hard tissue remodeling and bone

degenerative changes in the advanced stages of disc displacement in the TMJ.

Regarding the coronal condylar angle, when comparing the means in the different positions
of the disc, no statistical association was evident, like Almasan et al.>® However, it can be
observed that in the coronal displacements, the coronal angle is smaller (rotated medially)
than in the TMJ discs in normal position, as shown by Raustia et al 4> who found differences

in this inclination between patients with temporomandibular dysfunction and the control

group.

Various investigations have been carried out analyzing the association between the
mandibular condyle inclination, especially the horizontal inclination, and the position of the

articular disc and the results remain controversial. 39424749 |n addition, due to the cross-

12



sectional design of the studies, including the present, it is not possible to establish a cause

and effect relationship between the angles of the condyle and the positions of the disc.

CONCLUSIONS

An association between TMJ disc position and horizontal and sagittal mandibular condyle
inclination was observed. However, no association between disc position and coronal
inclination of mandibular condyle. These results indicate that the inclination of the
mandibular condyle may be different in TMJ with various disc position. A more medial
horizontal inclination and a more posterior sagittal inclination of the mandibular condyle are

associated with DDWoR.

Additional studies are required to further understand the complex nature of the TMJ disc

displacement and its association with join morphology.
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Table 1. Association between disc position and condylar inclination

Disc Position N (%) Mean SD  p-value
Normal 12 66.46 8.91
Horizontal Inclination DDWR 59 67.31 10.04 0.002"
DDWoR 29 57.74 9.09
Normal 12 52.01 6.63
Coronal Inclination DDWR 59 49.20 8.15 0.326
DDWoR 29 49.98 7.24
Normal 12 4.63 7.46
Sagittal Inclination DDWR 59 4.57 5.94 0.004*
DDWoR 29 8.05 4.61

N (%): absolute frequency; SD: Standard deviation; DDWR: Disc displacement with reduction; DDWoR: Disc

displacement without reduction. *ANOVA test p-value <0.05 indicated statistical differences
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Figure 1. Disc Position: Normal, disc displacement with reduction (DDWR), disc
displacement without reduction (DDWOoR)

Figure 2. Horizontal inclination of the mandibular condyle

Figure 3. Sagittal condylar inclination

Figure 4. Coronal condylar inclination
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