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Abstract The temporomandibular joint can be affected by various conditions, such as joint dysfunction, degenerative changes, inflammatory

processes, infections, tumors, and trauma. The aim of this pictorial essay is to help radiologists identify and describe the main find-
ings on magnetic resonance imaging evaluation of the temporomandibular joint, given that the correct diagnosis is essential for the
appropriate treatment of patients with temporomandibular joint disorders.

Keywords: Temporomandibular joint; Temporomandibular joint disorders; Temporomandibular joint dysfunction syndrome; Magnetic
resonance imaging.

Resumo A articulacdao temporomandibular pode ser afetada por diversas afeccoes, como disfungoes articulares, alteracoes degenerativas,

doencas inflamatérias ou infecciosas, tumores e trauma. Este ensaio iconografico visa auxiliar de forma pratica o radiologista a
identificar e descrever os principais achados nos exames de ressonancia magnética da articulacao temporomandibular, tendo em
vista que o diagnéstico correto das alteragoes mais comuns é essencial para o tratamento adequado desses pacientes.

Unitermos: Articulacao temporomandibular; Transtornos da articulagcao temporomandibular; Sindrome da disfuncao da articulagao

temporomandibular; Ressonancia magnética.

INTRODUCTION

The temporomandibular joint (TM]) is a complex
synovial joint that can be affected by various conditions,
such as joint dysfunction, degenerative changes, inflam-
matory processes, infections, tumors, and trauma. The
aim of this pictorial essay was to review the anatomy of the
TM]J, as well as derangement and degenerative changes
within the joint, discussing the main findings on magnetic
resonance imaging (MRI).

NORMAL ANATOMY OF THE TM]J

The bony portion of the TM] is composed of a tempo-
ral component and a mandibular component (the mandib-
ular condyle). Each component is surrounded by a syno-
vial capsule. The joint cavity is composed of the squamous
portion of the temporal bone, whose anterior border is the
articular eminence. The mandibular condyle projects into
the joint cavity and typically has an oval or rounded mor-
phology"?).

The TM]J disc is a biconcave, fibrocartilaginous struc-
ture that interposes between the mandibular condyle and
the articular surface of the temporal bone. This interposi-
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tion of the disc between the two bony portions of the joint
has the important function of preventing joint damage. In
addition, the disc facilitates the sliding of the mandibular
condyle in relation to the temporal bone during the open-
ing and closing of the mouth. Because of the biconcave
shape of the disc, its peripheral zones (the anterior and
posterior bands) are thicker than its central portion (the
intermediate zone). The disc is attached to the inner sur-
face of the TM] capsule, creating two joint cavities—an
upper cavity and a lower cavity. Under normal conditions
(Figure 1), there is no communication between those two
cavities®™).

The TM] disc is stabilized posteriorly by the bilaminar
zone, which inserts into the posterior portion of the pos-
terior band of the disc. The bilaminar zone, also known
as the retrodiscal tissue, has two layers of fibers, an upper
layer (the temporal lamina), which inserts into the ante-
rior contour of the external auditory canal, and a lower
layer, which inserts into the posterior contour of the man-
dibular condyle. The layers are separated by elastic tissue
containing vessels and nerves. The bilaminar zone has
the function of preventing slippage or excessive rotation

Radiol Bras. 2023 Mar/Abr;56(2):102-109



Oliveira LRLB, et al. / TMJ: from anatomy to internal derangement

Figure 1. TMJ anatomy. Sagittal PD-weighted images and schematic drawings demonstrating the anatomy of the TMJ in closed-mouth and open-mouth posi-
tions (A and B, respectively). 1, mandibular condyle; 2, articular eminence of the temporal bone; 3, articular disc (anterior band); 4, articular disc (intermediate
band); 5, articular disc (posterior band); 6, bilaminar zone; 7, superior and inferior bellies of the lateral pterygoid muscle.

of the disc during mouth opening. There is also a small
lamina anterior to the articular eminence and mandibular
head®~.

The lateral pterygoid muscle has two bellies. The
superior belly inserts on the anteromedial surface of the
neck of the mandible, in the pterygoid fovea region, and,
in some patients, part of the superior belly inserts on the
surface of the TM] capsule. The inferior belly also inserts
into the pterygoid fovea®>.

IMAGING METHODS
Radiography

Conventional X-ray of the TM], with oblique tran-
scranial projection performed in profile in the open- and
closed-mouth positions (Schuller’s view), provides an over-
view of the bones that make up the joint and joint space.
However, it does not allow an assessment of the cartilage
or adjacent soft parts, in addition to being impaired by the

overlap with other cranial bone structures © .

Computed tomography

Computed tomography presents excellent image
resolution, mainly for the evaluation of bone structures,
making it the method of choice when evaluating fractures
involving the TM] or the involvement of the cortical bone
by tumors or inflammatory processes. Computed tomog-
raphy also allows three-dimensional reconstructions,
which are very useful in fracture assessment and surgical

planning®7”.
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MRI

For the investigation of TM] disorders, the modality
of choice is MRI. Images < 3 mm in thickness should be
acquired in proton density (PD)-weighted, T1-weighted,
and T2-weighted sequences. As detailed in Table 1, PD-
weighted sequences should be obtained in the coronal
and sagittal planes in the closed-mouth position, as well
as in the sagittal plane in the open-mouth position; the
T1-weighted sequences should be obtained in the sagittal
plane in the closed-mouth position; and the T2-weighted
sequences should be obtained in the coronal and sagit-
tal planes in the closed-mouth position. It is important
that the images are acquired in the sagittal and coronal
planes oblique to the TM]. Paramagnetic contrast should
be used when an inflammatory process or tumor is sus-
pected. Dynamic assessments can also be used®®,

Table 1—Suggested MRI protocol for TMJ assessment at our facility.

Plane Weighting  Slice thickness (mm) Position
Axial T2 3.0
Coronal DP 2.5
Oblique sagittal T1 2.5 Closed-mouth
T2 25
DP 2.5
DP 2.5 Open-mouth

NORMAL APPEARANCE OF THE TM]
The TM] disc usually has a biconcave shape and ho-

mogeneously low or intermediate signal intensity on T1-

103



Oliveira LRLB, et al. / TMJ: from anatomy to internal derangement

and T2-weighted images. In some cases, there can be an
area of discrete high signal intensity in the central portion
of the disc on T2- and PD-weighted images. The posterior
insertion of the disc has a signal that is hyperintense to
the muscle on PD- and T1-weighted images, due to the
presence of fatty tissue, whereas the bilaminar zone shows
a signal isointense to muscle in all sequences. The poste-
rior band and the bilaminar zone are best evaluated in the

open-mouth position™”,

In the closed-mouth position, the junction between
the posterior band of the disc and the bilaminar zone is lo-
cated near the 11 or 12 o'clock position (Figure 2). When
the mouth opens, the condyle makes an anterior transla-
tion until it articulates with the articular eminence (Figure
3). In the coronal plane, the medial and lateral edges of
the disc are aligned with the edges of the condyle, not

projecting laterally or medially"3~>).

Figure 2. Normal TMJ disc position. Sagittal and coronal PD-weighted images obtained in the closed-mouth position (A and B, respectively). Note that the junc-
tion of the posterior band of the articular disc and the bilaminar zone is near the 12 o’clock position or situated within 10° of that position (A). In the coronal
plane (B), the articular disc (arrows) should not (and does not, in this normal image) extend beyond the medial or lateral edge of the condyle.

Figure 3. Condylar excursion. Sagittal PD-weighted images in the open-mouth position, showing excursion of the condyle. The dashed lines indicate the posi-
tion of the articular eminence of the temporal bone. A: Appropriate excursion. Note that the mandibular condyle articulates with the temporal eminence in the
open-mouth position. B: Decreased excursion. The condyle does not reach the plane of the temporal eminence in the open-mouth position. Note the degenera-
tive changes, characterized by flattening of the condyle with irregularities of the articular surface, subchondral sclerosis, and an anterior osteophyte. In cases
of increased excursion, the condyle passes beyond the temporal eminence in the open-mouth position.
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TEMPOROMANDIBULAR DISORDER

Temporomandibular disorder is a common condition
that affects up to 28% of the general population; the term
encompasses a wide range of conditions involving the

T™]®.

INTERNAL DERANGEMENT

The main cause of TMJ dysfunction is the internal
derangement of the joint, defined as an abnormal rela-
tionship between the articular disc and the mandibular
condyle that interferes with the normal biomechanics of
the TM]J and can manifest clinically as joint pain, jaw de-
viation while opening the mouth, or sounds (e.g., clicks)
emanating from the join

t?.

Disc displacement

The most common cause of internal derangement of
the TM]J is disc displacement. The position of the TM]
disc is evaluated according to its relationship to the con-
dyle. Disc displacement can thus be classified as anterior,
posterior, medial, or lateral. There can also be multidirec-
tional displacement, which is classified as anterolateral
or anteromedial. Although the most common type of dis-
placement is anterior (Figure 4), anteromedial or antero-
lateral displacement is often seen (Figure 5). Posterior
displacement is rare (Figure 6). Disc displacement can
also be partial or total. It is categorized as partial when
the posterior band is in a normal position in at least one
sagittal plane image and as total when the posterior band

Figure 4. Anterior disc displacement without recapture. Sagittal PD-weighted image in the closed-mouth position (A), showing the disc anterior to the 11 o’clock
position. In the open-mouth position (B), there is no disc recapture. The disc position is indicated by the arrows.

Figure 5. Anteromedial disc displacement without recapture. Sagittal PD-weighted image in the closed-mouth position (A), showing anterior disc displacement.
Coronal image (B) showing the disc in a medial location. In the PD-weighted sagittal acquisition in the open-mouth position (C), the condyle is not observed in
the plane in which the disc is visualized, demonstrating that the disc remained in the medial location.
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Figure 6. Posterior disc displacement with recapture. Sagittal PD-weighted images in the closed-mouth and open-mouth positions (A and B, respectively).
Posterior displacement of the articular disc (yellow arrow) is accompanied by bilaminar thickening (red arrow) and joint effusion. Note the recapture of the

articular disc (in B).

is in an abnormal position in all sagittal plane images. To-
tal displacement is typically seen in symptomatic patients,
whereas partial displacement is more common in asymp-
tomatic patients®1?),

Anterior displacement of the TM] disc is defined as a
condition in which the junction of the posterior band and
the bilaminar zone is more anterior than the 11 o’clock
position or in which the angle between the posterior band
of the disc and a vertical line running through the con-
dylar head is greater than 10°. However, to make a de-
finitive diagnosis based on that criterion, it is necessary to
consider the clinical correlation, given that small anterior
disc displacements can be seen in up to 33% of asymp-
tomatic individuals. Other authors have proposed that the
intermediate zone be the reference point for assessing disc
position, which is considered normal when the disc is in-
terposed between the anterior eminence of the condyle
and the posterior aspect of the articular eminence of the
temporal bone. Medial and lateral displacements are more
easily characterized in the coronal plane, in which the disc
should not extend beyond the lateral or medial edge of the
condyle. This is also evaluated in sagittal acquisitions, in
which the disc should not appear medial or lateral to the
condyle®!'",

An investigation of disc displacement should include
the evaluation of recapture, which occurs when the disc
returns to its normal position after mouth opening. Ante-
rior displacement with recapture can be seen in asymp-
tomatic individuals who do not require treatment. Anterior
displacement without recapture is commonly associated
with joint disc deformity, joint effusion, or disc perforation,
as well as with bone changes such as edema, erosion, or
necrosis of the condyle and temporal eminence!'V.
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Disc morphology

In the early stages of TM] dysfunction, the disc re-
tains its usual shape and signal characteristics. As the dis-
ease progresses, the disc undergoes degenerative changes,
with thickening of the posterior band and thinning of the
anterior band, and can acquire a biconvex or rounded
shape (Figures 6 and 7).

In the advanced stages of TM] dysfunction, disc per-
foration occurs in 5-15% of cases, being most common
in those of disc displacement without recapture. There is
also a relationship between the type of disc displacement

Figure 7. Degenerative disc changes. Sagittal PD-weighted image in the
closed-mouth position, showing anterior disc displacement and morphologi-
cal changes, with tapering and irregularities of the articular disc.

Radiol Bras. 2023 Mar/Abr;56(2):102-109



Oliveira LRLB, et al. / TMJ: from anatomy to internal derangement

and the location of disc perforation®!?): anterolateral dis-
placement is associated with perforation of the medial
aspect of the disc, whereas anteromedial displacement is
associated with perforation of the lateral aspect (Figure 8).
Disc perforation is more easily identified in cases in which
it is accompanied by joint effusion (Figure 9) and is con-

firmed by detecting communication between the superior
and inferior joint cavities

(9,11)

Figure 8. Disc perforation. Sagittal PD-weighted image showing discontinuity
of the articular disc, with separation of the anterior band (yellow arrow) and
posterior band (blue arrow). Note also the subcortical sclerosis with an ante-
rior marginal osteophyte in the mandibular condyle.

Figure 9. Joint effusion. Sagittal T2-weighted image with fat saturation,
showing joint effusion. Note the communication between the upper and lower
joint cavities, indicating disc perforation.
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Retrodiscal tissue

In some patients with anterior disc displacement,
adaptive changes may occur. Such changes include thick-
ening and hyalinization of the upper and lower disc layers
that constitute the retrodiscal tissue (Figure 6), resulting
in loss of the usual high signal intensity of the disc on
T1-weighted sequences, on which it presents as a pseudo-
disc. On T2-weighted images, the retrodiscal tissue can
also show a hyperintense signal (Figure 10), which is re-
lated to local hypervascularization and joint pain‘®.

Disk adhesions

As the internal derangement progresses, adhesions
can develop. Those adhesions can keep the TM] disc in a
fixed (mouth-closed or mouth-open) position. This condi-
tion, known as a stuck disc, significantly limits condylar

translation'®, as illustrated in Figure 10.

Double-disc sign

Electroneuromyography studies have identified hyper-
activity of the inferior belly of the lateral pterygoid muscle
in patients with internal derangement of the TMJ®. In
such patients, there can be thickening at the insertion of
the inferior belly of the lateral pterygoid, forming the dou-
ble-disc sign (Figure 10).

Joint effusion

A small amount of fluid can be seen in normal joints.
Small joint effusions are commonly seen surrounding the
anterior band of the articular disc (Figure 9). Moderate or
severe effusion is associated with pain and disc displace-
ment, typically being a precursor of bone degeneration®!?.
If osteoarthritis is suspected, contrast-enhanced T1-weight-
ed sequences help differentiate between synovitis and joint
effusion. On T2-weighted sequences, a thickened synovium
typically shows a hyperintense signal and contrast enhance-
ment (Figure 11); synovitis should not be confused with

joint effusion, in which there will be no enhancement'?.

DEGENERATIVE CHANGES IN THE TM]

In general, degenerative changes represent an ad-
vanced stage of TM] dysfunction after a long process of
disc displacement without recapture, which results in dete-
rioration and abrasion of the articular cartilage, with thick-
ening and remodeling of the underlying bone, and, in some
cases, the presence of synovitis signs, bone edema, reduced
joint space, irregular condylar margins, osteophytes, and
bone sclerosis. Paradoxically, symptoms tend to decrease

with age, becoming self-limiting and remitting!'".

CONCLUSION

Internal derangement, together with its possible com-
plications and sequelae, is the pathological condition most
commonly seen in the TM] (Table 2). Symptoms involving
pain or sounds (e.g., clicks) are nonspecific. Therefore, in
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Figure 10. Disc adhesion. PD-weighted sagittal images in the closed-mouth and open-mouth positions (A and B, respectively), showing alteration of the signal
in the posterior band and intermediate zone of the articular disc, together with thickening of the retrodiscal tissue (yellow arrow). Note that the disc remains in
the same location in the closed-mouth and open-mouth positions, which is characteristic of disc adhesion (stuck disc). Note also the thickening at the insertion

of the lateral pterygoid muscle belly (red arrow), forming the double-disc sign.

Figure 11. Synovitis. Axial T2-weighted image with fat saturation (A) and contrast-enhanced T1-weighted image (B), showing synovial thickening with enhance-
ment consistent with synovitis, which should not be confused with joint effusion.
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Table 2—Main imaging findings of TMJ internal derangements.

Direct signs
e Abnormal disc position:

- Anterior displacement (the most common type): the junction of the pos-
terior band of the disc and the bilaminar zone is more than 10° from the
vertical line running through the condylar head

- Posterior displacement (a rare type): the posterior band is more than
—-10° from the vertical line running through the condylar head

- Medial or lateral displacement: the disc extends beyond the edges of the
condyle in the coronal plane

e Disc abnormalities: irregularities, rounding, flattening, or perforation
e Abnormalities of movement:
- Reduced excursion
- Displacement: presence or absence of recapture
- Stuck disc: disc remains fixed during mouth opening and closing
e Condylar osteoarthritis: irregularities, erosions, sclerosis, and osteophytosis
Indirect signs
e Joint effusion

e Thickening at the insertion of the inferior belly of the lateral pterygoid mus-
cle: double-disc sign

e Thickening of the bilaminar zone: pseudo-disc
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