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Introduction

he temporomandibular joint (TM]) is a unique structure

as it is the only diarthroidal synovial joint in the body. It
is continuously loaded, even when not functioning, and
needs to be biomechanically sound in order to withstand the
high mechanical loading that it is subject due during func-
tion. This article will discuss the anatomy and function of
the TMJ and the methodology of investigating the break-
down of its biomechanical integrity radiographically and
some of the less common but important pathology will be
demonstrated. Trauma to the TMJ and developmental anom-
alies are not included in this article.

Anatomy and Function

The TMJ is a complex structure that affects the growth,
development, and maintenance of many of the components
of the craniofacial complex.'* The TMJ is made up of extrac-
apsular components, such as the capsule, ligaments, nerves
and vessels, and these will not be covered in this article as
they are not readily demonstrable on TMJ imaging. The
intracapsular components (Fig. 1) can be divided into osse-
ous components and soft tissue components.

The osseous components are (1) the mandibular condyle
and (2) the glenoid (mandibular) fossa and articular eminence.
These osseous components are best evaluated with cross-sec-
tional hard-tissue imaging, such as cone beam CT (CBCT) or
CT. CBCT is preferred as there is less radiation associated
with this modality and the ability to generate submillimetric
custom cross sections from the same volume facilitates the
evaluation for early breakdown of the articular surface.

The soft tissue components are (1) the TMJ disc (sometimes
erroneously called “the meniscus”) which is made up of a thick
posterior band and anterior band and a thin intermediate zone
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and, (2) the disc attachments, which are made up of (a) the pos-
terior attachments: the temporal posterior attachment (TPA) or
superior lamina, the condylar posterior attachment or inferior lam-
ina and the intermediate posterior attachment (the area where the
TPA and the condylar posterior attachment meet and attach to
the posterior band of the disc), and (b) The medial and lateral
collateral ligaments, which attach the medial and lateral aspects
of the disc to the neck of the condyle. On an axially corrected
sagittal view of a normal TMJ in the closed mouth position,
the posterior band of the disc should sit at the 12 o'clock posi-
tion on the condyle. The intermediate zone of the disc is inter-
posed between the convex articular surfaces of the condyle
and the posterior slope of the eminence, and the anterior band
sits on top of the superior belly of the lateral pterygoid muscle.
In this view, the disc is biconcave and resembles a bowtie
(Fig. 1b). On an axially corrected coronal view, the disc poste-
rior band should resemble a crescent sitting evenly on top of
the condyle that tapers toward the condylar poles (Fig. 1c). In
the open mouth position, a normal TMJ disc will translate
anteriorly and inferiorly on the posterior slope of the emi-
nence. The portion of the disc between the articular surfaces
should be the junction between the anterior band and the
intermediate zone, and the condyle should be positioned infe-
rior to the level of the articular eminence’ (Fig. 2).

There are two joint spaces. The space between the disc and
the condyle is called the inferior joint compartment and the
space between the disc and the fossa is the superior joint com-
partment. The joint compartments have anterior and poste-
rior recesses lined by synovial lining that secretes synovial
fluid into the joint spaces providing lubrication for the joint.
The space posterior to the disc and condyle is called the “ret-
rodiscal tissue” or the “bilaminar zone” which is very rich in
vessels and nerve endings.

The articular surfaces are lined by fibrocartilage. The fibro-
cartilage has several functions. In a growing individual it is a
primary growth site for the condyle and the mandible and
the healthy proliferation of its undifferentiated mesenchymal
cells is key for the growth and development of the mandible
and, subsequently, the face. If this thin layer of cells is dam-
aged prior to the cessation of growth (due to trauma,
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Figure 1 CBCT and MRI Axially corrected sagittal and coronal views show the normal anatomy of the TMJ. (a) On
CBCT or CT: The osseous components are rounded and form an incongruent articulation. The condylar articular cor-
tex is very thin in an adult condyle. The marrow spaces are uniform and not sclerotic. The normal disc space in the sag-
ittal plane should reflect the bow-tie shaped disc that is interposed between the articular surfaces, and on the coronal
should reflect the crescent shape of the posterior band of the disc. (b) Sagittal MRI, the posterior band of the disc sits
at the 12 o'clock position on the condyle (arrowhead). The intermediate zone is between the incongruent articulations
and the anterior band sits on the lateral pterygoid muscle fibers. The IPA (white arrow) is attached to the posterior
band of the disc. The marrow spaces are homogenous and are bright on T1 and intermediate on T2. The cortical out-
lines are uniform and continuous. (c) On the coronal MRI, the posterior band of the disc resembles a crescent and sits
evenly superior to the condyle, tapering toward the poles and attaching to the neck of the condyle with the lateral and

medial collateral ligament.

inflammatory or a degenerative process) mandibular and
facial growth will be compromised. If the damage to the cell
layer occurs unilaterally on one condyle facial asymmetry
will result (Fig. 3). If this happens bilaterally then not only is
the facial profile more convex due to resulting posterior rota-
tional growth of the mandible but also there is an increased
risk for sleep-disordered breathing as a result of the posterior
repositioning of the mandible and the attached soft tissues of
the tongue into the oropharyngeal airway (Fig. 4).*°

Thus lies the importance of reviewing the TM]J as a part of
a whole complex and not just as a separate and individual
structure. CBCT allows for a comprehensive review of the
effect of the TMJ function and dysfunction on the facial skel-
eton, skull base, dental occlusion, and upper respiratory
tract. Magnetic resonance imaging (MRI) will give adequate

information on the soft tissue and osseous components of
the TMJ, but to obtain the full diagnosis for the patient's TMJ
condition one must observe the entire craniofacial complex
as a whole if possible.

Imaging Modalities and
Protocols

There are several options available for the imaging of the
TMJ. Some plain film methods that were used in the past
such as the transcranial, Towne, submentovertex, and lateral
tomographic projections have been replaced with three-
dimensional imaging that offers more accurate information
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Figure 2 TIWI MR of the TMJ in the open mouth position shows
the normal position of the disc in relationship to the osseous com-
ponents. The junction between the intermediate zone and the ante-
rior band (arrowhead) should lie between the articular surfaces.
The TPA (white arrow) and the CPA (black arrow) are better visual-
ized due to the more intense signal in the retrodiscal tissue with the
dilatation of the blood vessels in this area upon opening.

CPA, condylar posterior attachment; TMJ, temporomandibular
joint; TPA, temporal posterior attachment.

on the morphology of the tissues and as well as their spatial
relationships. These plain films techniques have been
described in the literature’ and can be used if other more
advanced imaging modalities are not available, but these are
not discussed in this article. A panoramic projection can offer
general information about the osseous components, but the
TM]J spatial relationships cannot be accurately assessed as the
teeth are in a protrusive position during acquisition to bring
both jaws into the focal trough. Cone beam CT offers a com-
prehensive view of not only the osseous components of the
TM]J but also the effect of the TMJ condition on the rest of
the craniofacial complex. This includes analysis of asymme-
try (enlargement or decrease in size of one side), growth
changes, occlusal (bite) changes, neck posture, and risk fac-
tors for sleep-disordered breathing. To evaluate all of these, a
16 cm or more field of view is required to visualize all these
structures and their interaction with one another in one vol-
ume. The teeth should be in maximum intercuspation and
the head posture should be as close to natural head posture
as possible. Custom cross sections of the TMJs can be gener-
ated from the CBCT volume. Some standard reformations
that help visualization of the TMJs and the craniofacial com-
plex are the TM]J sagittal and coronal oblique sections, TMJ
axial view, panoramic reformation, 3D frontal and lateral
reformations, and airway morphologic and volumetric

Figure 3 These 3D renderings show mandibular asymmetry, with the left side being smaller than the right due to the
smaller condyle on the left side, as seen on the cross sections (a). When superimposing the two sides of the skull base and
zygomas on the lateral view, the inferior border of the left side of the mandible appears higher than the right (c, arrow).
Changes in the size and height of one condyle, regardless of the cause (developmental, degenerative or inflammatory) will

result in mandibular asymmetry.
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Figure 4 This 3D rendering of cone beam CT data shows some of
the craniofacial features that occur when there is bilateral condy-
lar height loss (regardless of the etiology): Posterior rotation of
the mandible which leads to the posterior displacement of the
soft tissue of the tongue, narrowing the oropharyngeal airway,
anterior open bite, a long and convex facial profile and a steep
mandibular plane (inferior border of the mandible) (Courtesy M.
Noujeim DDS).

analysis. These reformation functions are readily available in
most dental DICOM viewing software. CT-generated images
can serve the same purpose, but as the radiation is higher
with CT, CBCT should be used when available as it will pro-
vide the same information at less radiation exposure to
the patient.”

MRI will offer insight to the position and condition of
the soft tissue components of the TMJs. The disc and its
attachments are made up largely of collagen which con-
trasts against the synovial fluid and vessel-rich retrodiscal
tissue on proton density (PD) and T2-weighted imaging.
The bone marrow integrity can be examined and the mor-
phology of the osseous components assessed, but the fine
changes that occur with early active degenerative joint dis-
ease are better visualized with CBCT. The presence of a
joint effusion and the evaluation for the presence of soft
tissue neoplasia or neoplastic-like lesions are best assessed
with MRI. The protocols commonly used are T1 (or PD)
and T2 (and/or STIR) in the closed mouth (maximal inter-
cuspal) position and the open mouth position. The diag-
nostic cross sections to be obtained are the axially
corrected sagittal oblique and coronal oblique cross sec-
tions along the long axes of the condyles and perpendicu-
lar to them. The closed mouth position will demonstrate
the position and condition of the disc and other soft tis-
sues with the teeth together in maximum intercuspation to
determine the presence of a disc displacement. The open
mouth position will determine if a displaced disc was
recaptured by the condyle upon opening. The spectrum of
internal derangement of the discs that can be evaluated on
MRI will be discussed in the following section.””

Imaging of TMJ Pathology

Internal Derangement and Degenerative
Joint Disease

Internal derangement (changes in disc morphology or posi-
tion) can occur in the TMJ and may be caused by trauma,
malocclusion, laxity of ligaments, or other conditions that
may force the disc out of position. Once the disc is out of
position the breakdown of the normal joint function
begins.”" The following will describe the sequence of the
internal derangement into degenerative joint disease, as well
as the variations of these derangements and stages of degen-
erative joint disease.

Disc Displacement Degree

A disc displacement may be partial or complete. In a partially
displaced disc, the disc morphology changes to either a
biplanar appearance (flattening of the posterior band) or
biconvex (thickening of the posterior band, usually seen
with posterior position of the condyle) (Fig. 5). A completely
displaced disc that has been acutely displaced maintains its
biconcave appearance (Fig. 6), but may gradually lose its
shape and anteroposterior length and may eventually
atrophy (Fig. 7).

Disc Displacement Directions

Depending on the altered biomechanics of the TMJs, the disc
displacement can occur in various directions. The most com-
monly seen is the anterior disc displacement (Fig. 8). Other
variations include anterior rotational (slippage of the disc off
of only one pole while maintaining normal relationship with
the other portions of the condyle) (Fig. 9), sideways (dis-
placement in the purely lateral or medial direction) (Fig. 10),
or posteriorly (which should be differentiated from the thick-
ening of the intermediate posterior attachment, also called
“pseudodisc formation” Fig. 11).

Disc Displacement With and Without Reduction

When the disc recaptures into its normal position upon
opening, it is “reduced.” In the closed mouth position, the
disc will be displaced in a specific direction. Upon opening
the mouth to maximal opening, the disc returns to its normal
open mouth relationship to the condyle, only to become dis-
placed again upon closing the mouth. When the disc is
recaptured, there is usually an audible click or pop associated
with the reduction (Fig. 8). In disc displacement without
reduction, the disc remains displaced throughout the entire
mouth opening cycle and, in the acute phase, is painful and
associated with a closed lock, but range of motion is restored
and symptoms subside as time progresses and the tissues
adapt (Fig. 12).

Joint Effusion and Bone Marrow Edema

Synovitis and subsequent joint effusion can best be visual-
ized on MRI T2 sequences and appears as areas of hyperin-
tensity. The fluid accumulation can occur in only one
compartment or both, creating an “arthrographic effect”
where the fluid highlights the disc shape®™” (Fig. 13). The



286

D. Tamimi et al.

Figure 5 PD MR axially corrected sagittal cross section shows posterior position of the condyle in the fossa and the pos-
terior band of the disc position at the 10 o'clock position to the condyle. The condyle position should be assessed in
relation to the fossa and not just the disc relation to the condyle.

fluid can show a perforation of the disc or attachments if the
effusion is only in one joint compartment, with the fluid
seeping into the other compartment (Fig. 13). The fluid can
also be seen shifting within a compartment upon opening,
and can be used to visualize detachment of the TPA from
the glenoid fossa (Fig. 13). In acute micro- or macro-trauma,
the bone marrow may become edematous, which can present
as high signal intensity subchondral bone on T2-weighted
images that is intermediate to low signal on T1 or PD-
weighted images.

Disc Adhesion and Subluxation

Disc adhesions can occur secondary to microtrauma or
microtrauma to the TM]J. Fibrous attachment of the disc to
either the superior compartment (more common and more
limited range of motion) or in the inferior compartment can

occur. In superior compartment adhesions, the condyle
translates upon opening but the disc does not change posi-
tion when compared to the closed position (Fig. 14a and b).

In subluxation, the disc and condyle translate more anteri-
orly than the normal position and the condyle is positioned
anterior and superior to the crest of the eminence and the
portion of the disc between the osseous components is the
anterior band, which often sits between the posterior aspect
of the condyle and the anterior slope of the eminence
(Fig. 14c). This hypermobility can be seen in patients with
joint laxity and Ehler's Danlos syndrome.

Degenerative Joint Disease

Degenerative joint disease (DJD), also known as osteoarthri-
tis, is a non-inflammatory degenerative process that may
occur in the TMJ. It may occur in a single joint or bilaterally.

Figure 6 T1 MR axially corrected sagittal cross section shows that an
acutely displaced disc maintains its anteroposterior dimension and
its biconcave appearance. The condyle is posterior displaced.

Figure 7 T1 MR axially corrected cross sections shows end-stage
degenerative joint disease with sclerosis of the condyle and the emi-
nence and a chronically displaced disc which has atrophied (arrow).
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Figure 8 T1 WI MR axially corrected sagittal cross sections demonstrate anterior disc displacement with reduction: (a)
The posterior band of the disc can be seen in the 9 o'clock position to the condyle. (b) The condyle translates to a point
inferior to the crest of the eminence with the portion of the disc between the articular surfaces being the junction of the
anterior band and the intermediate zone, which is the normal open mouth relationship of the components of the TMJ.

Figure 9 PD MR axially corrected sagittal cross sections demonstrate anterior rotational disc displacement: (a) The cen-
ter portion of the TMJ shows a normal relationship between the disc and the condyle. (B) The lateral portion of the
TMJ shows the posterior band of the disc being positioned anterior to the condyle.

The progression may also occur at different stages in the
bilaterally joints, resulting in changes in the morphology and
function of the mandible.” It is characterized by the break-
down of the articular surfaces of the joint and is precipitated
by the derangement and displacement of the TMJ disc. Once
the disc is displaced, the biomechanical forces in the joint
will no longer be distributed properly and the shock absorp-
tion of the disc will no longer be effective.

In the initial stage of disc displacement, early changes to
the articular surfaces occur such as flattening and subchon-
dral sclerosis. These are called “functional remodeling” and
are an effort to increase the articular surface area to withstand
the excess force (Fig. 15). As the forces overcome the capabil-
ity of the tissues to compensate, the bone begins to break
down causing erosion to occur. This initially occurs on the

superior surface of the mandibular condyle. It can be visual-
ized on axially-corrected sagittal cross sections as breakdown
of the cortical outline and loss of trabecular structure beneath
the surface (Fig. 16). This stage is called “active DJD.” As the
erosions heal and become recorticated, the condyle appears
smaller with loss of vertical height and volume (Fig. 3). Ero-
sions that heal at the surface without filling the trabecular
bone are called “subchondral bone cysts” (Fig. 17). These are
not true cysts with epithelial lining, but rather cavity voids.
An alternative explanation for this phenomenon is the seep-
age of synovial fluid into microcracks in the articular surface,
giving these areas the characteristic high signal intensity on
T2-weighted imaging and intermediate signal on T1 and
PD-weighted imaging. Recortication or partial recortication
of the articular surface is considered part of the healing stage.
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Figure 10 TIWI MR axially corrected sagittal and coronal cross sections demonstrate sideways disc displacement: (a)
Coronal view shows the low signal lateral portion of the disc folded over the lateral pole (black arrow) and the medial
superior portion is devoid of disc (white arrow). (b) Sagittal view shows that the center portion of the TMJ does not
demonstrate a posterior band of the disc superior to the condyle, (c) Sagittal view in the lateral aspect of the TMJ shows
the low signal of the disc folded over the lateral pole. (d) Coronal view shows the low signal medial portion of the disc
folded over the medial pole (black arrow), with a portion of the posterior band of the disc still present in the center
portion of the disc space (white arrow) (e) sagittal view on the center portion of the TMJ shows the posterior band is at
the 11 o'clock position to the condyle. (f) The lateral portion of the TMJ shows no disc signal superior to the condyle
(Courtesy M. Noujeim DDS).
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Figure 11 TIWI MR axially corrected sagittal cross section shows the formation of a pseudodisc superior to the condyle
and posterior to the displaced disc. The fibrosis and thickening of the posterior attachment gives the appearance of a
disc, and in some cases can be misinterpreted as a posteriorly displaced disc.

Figure 12 T1WI MR axially corrected sagittal cross sections demonstrate anterior disc displacement without reduction.
(a) The disc has been chronically displaced, is reduced in anteroposterior dimension and has lost its biconcave appear-
ance. (b) Upon opening, the disc remains anterior to the condyle and the condylar range of motion is reduced as the
condyle is positioned posterior and superior to the crest of the eminence.

Once recortication is complete, the DJD is considered to be
in the “Stable” (Fig. 18). Other radiographic signs of stable
DJD are osteophyte formation (usually on the anterior aspect
of the condyle) and loose articular bodies (joint mice) that
can be considered a synovial chondromatosis secondary to
DJD (Fig. 19). If excess forces are reapplied, the entire pro-
cess may reactivate and further erosion and condylar volume
loss may occur.”’

Inflammatory Disorders

Chronic inflammatory conditions occur in the TM] the most
common of which are rheumatoid arthritis, juvenile idio-
pathic arthritis and pigmented villonodular synovitis. Other

inflammatory conditions may affect the joint however they
will not be discussed here.

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune disorder which
manifests itself as inflammation in the synovial joints
throughout the body. The TM joint is no exception. This
chronic inflammatory disease creates a synovitis which can
lead to formation of synovial granulation tissue (pannus).
This pannus then releases enzymes which destroy the sur-
rounding osseous surfaces of the joint. Progressive bony ero-
sions will be present with loss of condylar height and shape.
Characteristic appearance of a joint affected by RA is that of a
“sharpened pencil.”® This differs from the appearance of the
condyle with DJD as the erosions in DJD show more of a
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Figure 13 Axially corrected sagittal cross sections demonstrate joint effusion. (a) T2WI in the closed mouth position
shows the synovial fluid in the anterior recess of the superior compartment outlining the shape of the disc and the pos-
terior attachment. (b) Upon opening, the fluid travels to the posterior recess of the superior compartment and the TPA
can be seen detaching slightly from the roof of the fossa (arrow). (¢) TIWI FS shows moderate joint effusion in the pos-
terior recess of the superior compartment upon opening detaching the TPA (arrow). (d) TIWI FS shows joint effusion
in the anterior recess of the superior compartment. (e) The fluid traveled into the posterior recess of the inferior com-
partment, distending the capsule (black arrow). This is suggestive of the presence of a perforation connecting the supe-
rior and inferior joint compartments. The TPA can be seen abutting the roof of the fossa (white arrow) (Courtesy M.
Noujeim DDS and T Deahl DDS).
TPA, temporal posterior attachment.
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Figure 14 T1WI axially corrected cross sections show extremes of hypomobility and hypermobility. (a) In the closed
mouth position, the condyle is posterior position in the fossa and the disc is in the normal relationship with the fossa.
(b) In the open mouth position, the disc position does not change in relationship to the fossa but the condyle moves to
the intermediate zone of the disc. These findings are suggestive of adhesion in the superior compartment of the TMJ.
(c) This open mouth position for a different patient shows the condyle translating to a point anterior and superior to
the crest of the eminence. The intermediate zone of the disc is positioned between the posterior aspect of the condyle

and anterior slope of the eminence (arrow).

Figure 15 CBCT sagittal cross section shows flattening of the articu-
lar surface of the condyle, suggestive of functional remodeling. This
is an attempt by the bone to increase the surface area to dissipate
the increased loading on the articular surface.

pattern of focal erosions and subsequent volume loss. The
2 processes may be included in the same differential in
milder cases. In addition RA commonly occurs bilaterally
due to the systemic nature of the condition vs DJD which
may occur in a single joint. In some cases the two conditions
may coexist if the disc is displaced and DJD occurs. This is
characterized by the presence of erosions, subchondral bone
cysts, and osteophytes. The osseous changes in Rheumatoid
Arthritis are well visualized using CBCT, however the pannus
cannot be seen in this modality. In MR T1-weighted images,
a decreased bone marrow density is seen. The pannus will
have an intermediate signal intensity on both T1 and T2.
T2-weighted images will show high signal intensity in the
joint space due to the fluid (synovitis) and also an increased
condylar marrow intensity due to edema (Fig. 20). The disc
may or may not be displaced in this condition.

Juvenile Idiopathic Arthritis
Juvenile idiopathic arthritis (JIA) also known as juvenile
rheumatoid arthritis or juvenile chronic arthritis is an
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Figure 16 CBCT sagittal cross sections show the right and left TMJs of a patient undergoing unilateral active degenera-
tive joint disease. (a) The right side is normal. (b) The left side shows decortication and erosion of the articular surface

(arrow).

autoimmune inflammatory disease that affects the musculo-
skeletal system in children. It is the most common rheumatic
disease in childhood.'”'" The TMJ is commonly involved in
this disease and is likely to be involved when the pattern is
systemic. Seventy percent of patients are asymptomatic.
Radiographically, the TMJ will show bilateral flat, grossly
misshapen condyles with a wide glenoid fossa on CBCT
(Fig. 21). It may be unilateral but more commonly bilateral.
Secondary changes representing osteoarthritis may be seen
such as osteophyte formation. The coronoid processes are
often elongated and superiorly positioned. Clockwise rota-
tion of the mandible may be seen due to the shortened con-
dyles. In MR T1-weighted images a confirmation of the flat
condyles will be present. T2-weighted images will show
hyperintense joint effusion, bone marrow edema, and thin or
perforated discs. The disc may also be absent. T1-weighted
images with contrast reveal joint space enhancement
(Fig. 22). Early inflammation may be detected before joint
destruction. Using contrast in the suspected JIA cases may be
useful for early detection.

Pigmented Villonodular Synovitis

Pigmented villonodular synovitis (PVNS) is a rare, benign,
yet locally aggressive proliferation of mononuclear histiocytes
and giant cells involving the synovium of the joint, tendon
sheaths, and bursae with an incidence of 1.8 annual cases
per million people.'”

PVNS is classified as the localized form which involves
only a part of tendon sheath or the joint lining and the dif-
fuse form which is more common and involving the whole
synovial joint membrane or bursa.'” PVNS of the TMJ is a
rare variant with <70 cases reported in the literature. '

Radiographic examination reveals remarkable bone ero-
sion with involvement of skull base in approximately one-
third of the cases.'” The vast majority of the bone destruction
involves the TMJ. Skull base, sphenoid bone, maxilla, coro-
noid process, auditory structures, and zygomatic arch can be
affected as well.'® The most common clinical symptoms of

PVNS are preauricular swelling or mass with progressive
pain and restricted mouth opening. Trismus, discomfort in
mastication, impaired hearing, clicking, and tinnitus are less
frequent findings.'” Neurologic symptoms, such as hearing
impairment, vomiting, and otalgia were rarely mentioned in
the literature.'®

PVNS is seen in all ages but more commonly in the 3rd to
5th decades of life (mean age, late 30s) with no gender predi-
lection.” The etiology of PVNS remains unclear.

The imaging characteristics of PVNS represent its patho-
logic courses that are synovial proliferation and hemosid-
erin staining.'” CT depicts bone erosion and sclerosis. In
CT, PVNS is often seen as a soft tissue lesion with focal or
all regions of high attenuation and further enhancement
following contrast material administration'” The thick-
ened synovium and hyperdense regions produced by iron
deposits are enhanced in CT. Thus, CT not only reveals
the radiographic features above, but it can also show the
tumor extension.'”

The most specific and sensitive technique for the diagnosis
of PVNS is MRI, which shows the preoperative tumor exten-
sion and recurrence. In MRI, depends on the amount of flu-
ids, cellular elements, pannus, fibrous stroma, hemosiderin
and lipids, PVNS can vary in appearance.'~ For instance,
hemosiderin deposition leads to low signal intensity on pro-
ton density-, T1- and T2-weighted images (WI).'* Addition-
ally, hemosiderin will cause susceptibility or “blooming”
artifacts on echo planar or gradient echo sequence (GRE)
due to its paramagnetic properties, resulting in signal loss on
the images."” Because of “blooming” the atypical tissue can
be seen larger on T2-weighted spin echo and GRE sequences
(Fig. 23). Lipid accumulation in foamy macrophages can
cause high signal on T1-weighted spin echo sequence like in
subcutaneous fat. In addition, loculated cyst of joint fluid
regions gives high signal on T2WI. Hyperplastic synovium
and bone erosion with inadequate intraarticular space due to
outwards proliferation of the synovium are other well-known
features of PVNS on MRI.'” It is stated that GRE sequence
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Figure 17 This series demonstrates the appearance of a subchondral bone cyst with multiple protocols. (a) CBCT shows
a well-defined low density structure just deep to the articular surface connected to the surface with a small low density
"tail". On a different patient, the MR images are of the same condyle and show the signal differences between protocols.
(b) T1, (¢) PD, (d) T2, (e) STIR (Courtesy, M. Noujeim DDS, MS).

can be useful to confirm the diagnosis when the diagnosis of
PVNS is uncertain.'”

The differential diagnosis of PVNS of TM] contains parotid
gland lesions (benign or malignant) along with tumors that
affect the synovium and adjacent structures such as synovial

chondromatosis, differentiated by the presence of small cartilagi-
nous or ossific bodies, malignant synovioma identified by the
presence of amorphous calcification and synovial sarcoma.'’
Gout, that is often polyarticular; theumatoid arthritis, character-
ized by decrease in joint space and demineralization; and septic
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Figure 18 CBCT cross sections show the appearance of stable end-stage degenerative joint disease for (a) adult degener-
ative joint disease and (b) juvenile degenerative joint disease (idiopathic condylar resorption) on the right compared to

the normal left side.

Figure 19 CBCT axial and sagittal cross section shows the appearance of the loose articular bodies seen secondary to degen-
erative joint disease (also known as “secondary synovial chondromatosis” or “joint mice”). The osseous components of the
TMJ show degenerative joint disease changes but no mass effect that can be seen with primary synovial chondromatosis.

arthritis, presents with ill-defined borders and more cortical
destruction should be also included in the differential diagnosis.
Despite being rare, external auditory meatus or middle ear carci-
noma is important differential diagnosis as well with presence of
auditory canal and osseous destruction. Osseous destruction in
PVNS is frequently limited to the joint space with no communi-
cation in the ear."” Presence of hemosiderin deposition, bone
erosion, soft tissue mass and synovial proliferation are very diag-
nostic of PYNS and these features aid to differentiate PYNS from
giant-cell tumors, hematomas, and pseudoaneurysm that occur
following hemorrhage.'” Also, in cases with signs and symp-
toms suggestive of TMJ dysfunction but with presence of
accompanying symptoms (ie, altered sensation, trismus, or
swelling), further evaluation is needed to rule out PVNS.

Mass-Like Lesions

Calcium Pyrophosphate Dihydrate (CPPD) Deposition
Disease

Calcium pyrophosphate dihydrate (CPPD) deposition is a
rare, metabolic disease characterized by CPPD crystal deposi-
tion in the synovial fluid leading to calcification of articular

cartilage, and acute arthritis called pseudogout.” Calcium
pyrophosphate dihydrate deposition disease (CPDD) has
been defined as “pseudogout” due to gout-like symptoms
and differs from gout which presents with precipitation of
uric acid crystals instead of CPPD.%'?

CPDD has a tendency for joints with fibrocartilage and
mostly affects large joints such as knee, ankle, hips, wrist,
shoulder and rarely TMJ®'” with polyarticular involvement
in almost two-thirds of the cases.'” It is generally seen in the
middle or older ages with male predominance although
some studies reported female predilection.”

Despite that the etiology of CPDD has not yet been eluci-
dated, it has been etiologically grouped into 4 classes: associ-
ated with metabolic disease, sporadic (idiopathic),
hereditary, and associated with trauma or surgery.”'® The
most common signs and symptoms of CPDD include preaur-
icular swelling, pain, and trismus. Other findings are
restricted condylar movement, otalgia, hearing loss, tinnitus,
and sometimes asymptomatic.6’20

Radiographically, in CT/CBCT, early stage of CPDD
shows thin, small, evenly distributed, cloud-like multiple
synovial calcifications in the joint space, usually
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Figure 20 The appearance of rheumatoid arthritis on MR imaging: (a) T1 C+ FS shows enhancement of the vessel-rich
inflamed synovial lining, (b) T1 shows no enhancement of the lining and, (¢) T2 shows enhancement of the fluid
within in the joint spaces. (Courtesy, R. Wiggins, MD).

Figure 21 CBCT reformations show some of classic features of JIA: (a) Sagittal oblique view of the right side of the man-
dible shows a condylar stump (white arrow) that is positioned anterior to the eminence. The fossa and eminence are
not developed (black arrow) as this condition most likely occurred earlier in life before their development. The coro-
noid process appears long in comparison to the condylar process, (b) Panoramic reformat shows steep mandibular
planes (arrows) and very short mandibular rami, (¢) 3D surface rendering shows an anterior open bite has occurred
due to the posterior rotation of the mandible. The oropharyngeal airway is often compromised due to this posterior
rotation due to posterior displacement of the tongue (Courtesy, M. Noujeim DDS, MS).

surrounding the condyle. Articular cartilage is linearly cal- erosion or remodeling (Fig. 24). In MRI, CPDD gives low
cified. In the late stage, diffusely calcified mass with pos- to intermediate TIWI signal with heterogeneous contrast
sible ground-glass appearance is prominent. Condyle and enhancement and low T2WI signal with edema of adja-

neighboring structures may demonstrate mass effect, cent muscles. In plain radiography, linear or punctate
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Figure 22 Coronal T1C+ FS shows enhancement of the synovium on
the left TMJ in this patient with Juvenile idiopathic arthritis. This
condition can occur unilaterally or bilaterally. (Courtesy, R. Wig-
gins, MD).

Figure 23 Coronal TIWI MR shows an example of PVNS hypoin-
tense right TMJ mass with a peripheral lower signal intensity (white
arrow). A hypointense contiguous middle cranial fossa extra-axial
mass is evident with similar markedly low signal peripheral rim
(black arrow). (Courtesy R. Wiggins, MD).

PVNS, pigmented villonodular synovitis; TMJ, temporomandibu-
lar joint.

calcifications in fibro- or hyaline cartilage are the charac-
teristic features of CPDD."”

Sometimes, the calcified lesion is spread into nearby
regions (ie skull base, middle cranial fossa)?’ and can imitate
malignancy.” The clinical and radiographic findings of
CPDD of TM]J are unspecific, making the accurate diagnosis
difficult and may mimic other lesions like synovial chondro-
matosis, degenerative disease, osteochondroma, and chon-
droblastoma or chondrosarcoma.”’ Therefore, the gold
standard of CPDD diagnosis is the observation of CPPD

crystals in synovial fluid and occurrence of metaplastic chon-
) . . . . g
drocytes.'” In terms of prognosis, the most significant misdi-
.. 18
agnosis is chondrosarcoma. '

Synovial Chondromatosis

Synovial chondromatosis (SC) is a rare, benign, non-neoplastic
lesion characterized by growth of cartilaginous nodules within
subsynovial membranes that eventually ossify, detach, and
seen as loose bodies floating within joint space.””" Tt generally
affects large joints (ie hip, knee or elbow) and hardly involves
the T™MJ.>

TM]J is the rarest region for SC and only about 200 cases
reported in the literature.”” Superior joint compartment of
TM]J is more frequently affected with rare involvement of the
inferior joint compartment.”

The average age at onset is 40 to 50 years, with mostly uni-
lateral occurrence. Bilateral presentation of SC in the TMJ
was rarely documented.”’ Females are more frequently
affected than males with a ratio of 4:1.°

Despite the etiology of SC still remains unclear, the disease
has been classified as primary and secondary synovial chon-
dromatosis.” Primary synovial chondromatosis is more
aggressive, associated with metaplasia, cartilaginous foci
development and calcification of the cartilage bodies that
widen and detach from synovial membrane.””' Secondary
synovial chondromatosis, as reflected by its name, occurs
secondary to microtrauma, joint overuse, non-inflammatory
arthropathy or inflammatory joint disease. Cartilage tissue
fragments eventually dislodge in synovial fluid and ossify.”
Primary synovial chondromatosis shows a diffuse and patchy
calcification, while secondary synovial chondromatosis
presents ring-like calcification.”’

The common signs and symptoms are preauricular swell-
ing and pain, compression of eustachian tube, crepitus, lim-
ited mouth opening and condylar movement, malocclusion
and masticatory muscle myalgia,””"**** which simulate
temporomandibular joint disorder (TMD), causing diffi-
culty and delay in diagnosis. Thus, radiologic examination
(conventional radiography, computed tomography (CT),
cone-beam CT, and MRI plays a key role in diagnosis of
SC.”” Multiple calcified / ossified loose bodies around the
mandibular condyle, widening of the joint space, degenera-
tive changes of the condyle, soft tissue swelling/mass and
seldom intracranial extension are the most common radio-
graphic features (Fig. 25)?1%22° In MR, heterogeneous,
hypointense loose bodies seen in the superior joint space
on TIWI and hyperintense effusion % expansion and
“Ring-like” signal due to hyperintense fluid surrounding
group of hypointense loose bodies seen on T2WI are char-
acteristic findings. In TIWI with contrast administration,
the synovium is enhanced.”

Differential diagnosis of SC includes DJD, rheumatoid
arthritis calcium pyrophosphate dihydrate deposition dis-
ease, osteochondritis dissecans, avascular necrosis, and chon-
drosarcoma.®*” SC and DJD have several common clinical
findings and the diagnosis of SC is usually delayed due to
misdiagnosis. However, SC and DJD can be differentiated
based on their radiographic findings. SC is frequently seen in
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Figure 24 (a) Cropped Axial CBCT shows a diffuse cloud-like mass on the medial posterior aspect of the left condyle
suggestive of CPPD deposition disease. (b) Sagittal cross section of a TMJ with CPPD deposition disease shows a granu-
lar high density mass posterior to the condyle as well as more solid (more mature) calcifications noted anterior to the

condyle (Courtesy M Noujeim, DDS, MS).

CBCT, cone beam CT; CPPD, calcium pyrophosphate dihydrate.

the superior joint cavity,””" generally presents round loose
bodies with normal mandibular condylar shape along with
effusion and expansion of the joint cavity.”*"*” On the other
hand, DJD is usually found in the inferior joint cavity,
presents angular loose bodies with apparent condylar degen-
erative changes (ie osteophytes in the anterior aspect).

Benign Tumors
The most common benign tumors of the TM] are osteochon-
dromas and osteomas.

Osteochondroma (OC) is a cartilage-capped bony exosto-
sis developing from the external surface of the bone and
including a marrow cavity which is continuous with the
underlying bone.” Some authors categorize it as hamartoma
and some as tumor.” It might arise from bones which are
formed by endochondral ossification.”” OC is frequently
seen in the metaphysis of long bones such as proximal part
of tibia and distal part of femur. Condyle and coronoid
process are more often affected in jaws. In the mandibular

Figure 25 Cropped axial CBCT of the right TMJ with primary syno-
vial chondromatosis shows multiple well-defined calcified struc-
tures with low density internal structures organized in the location
of the anterior recess of the superior joint compartment (inferior to
the crest of the eminence) (Courtesy, M. Noujeim DDS MS).

condyle, OCs are 52% situated on the medial aspect, 20%
on the anterior position, and 1% on the lateral location.”"

Mandibular condylar OCs have a wide age range (13-76
years) with a mean age of 40 years.®”® Females are slightly
more effected than males (F:M = 1.5:1).°

Clinical symptoms of osteochondromas involve hard,
painless swelling, vertical face elongation on the affected side
causing facial asymmetry, mandible deviation to unaffected
side, limited condylar movement, cross-bite on unaffected
side, open bite on affected side, disc displacement, and infre-
quently pain.®*°

Pathologic characteristics of osteochondroma usually
mirror its radiographic presentation. The typical feature of
osteochondroma is continuation of mass with medullary
canal and bone cortex (Fig. 26).”" Radiographically, it
presents with nodular or mushroom-like appearance.”**"
Due to its cartilage constituent, OC in TMJ is seen as a mixed
density lesion on panoramic radiograph”® CT shows calcifi-
cation on the cartilage cap while MRI confirms the diagnosis
by revealing the cartilaginous cap that is characteristic of

Figure 26 Sagittal CBCT of the left TMJ shows a hyperintense mass
attached to the superior aspect of the condyle. The native condylar
cortex can be visualized and the mass appears to be displacing the
condyle inferiorly and remodeling the opposing fossa and eminence
(Courtesy M. Noujeim, DDS, MS).

CBCT, cone beam CT; TMJ, temporomandibular joint.
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osteochondroma.”’”*®  Furthermore, abnormal metabolic
bone activity may be detected by a bone scan due to
increased 99mTc-HDP uptake in the affected area.”®

Condylar hyperplasia, degenerative joint disease (DJD),
coronoid hyperplasia, osteoma, chondroma, chondrosar-
coma mainly develop in TMJ region and should be consid-
ered in the differential diagnosis of osteochondroma.®*°

Osteoma is a benign, slow growing, bone-forming tumor
developing from cancellous or compact bone proliferation
that originates from endosteum (central osteoma), perios-
teum (peripheral osteoma) or extra skeletal soft tissue.®2” Tt
is usually limited to the craniofacial skeleton with rare
involvement of TMJ.”" Although the mandibular condyle is
more commonly affected, the glenoid cavity, coronoid pro-
cess and mandibular notch can be involved as well.”

Osteomas develop at any age, but are usually seen in people
older than 40 years with no gender predilection.”*” They arise
from membranous bones of the face and skull, from the embry-
onal endosteum, periosteum or cartilage. Osteomas can be clas-
sified as cortical (ivory) type, cancellous type or a combination
of both.”” Compact osteoma demonstrates well-differentiated
mature dense bone with scarce marrow. Cancellous osteoma
demonstrates lamellar trabeculae with rich marrow.® They may
present as a pedunculated lesion on the condylar neck or head
or as tissue proliferation that replaces the condyle (Fig, 27).””

Osteomas generally do not cause symptoms and can be
seen as an incidental finding during a routine examination. If
symptomatic, they mimic TMD with limited jaw opening
and sporadic pain. Ipsilateral open-bite in condylar involve-
ment, swelling, facial asymmetry, contralateral mandibular
deviation are other associated findings.””"

Radiographically, compact (ivory) osteoma is seen as a
well-defined, uniform, radiopaque lesion. Cancellous oste-
oma manifests as a well-defined radiopaque lesion with pres-
ence of internal trabeculae. Depends on the marrow cavity,
mixed radiolucent-radiopaque region might be present in
the centers of osteomas.”” On CT, it demonstrates homoge-
neous, bony, hyperdense lesion with normal internal trabec-
ular structure (Fig. 26). On MR, it is hypointense on TIWI
with or without hyperintense central yellow marrow.
On T2WI, it gives low signal or similar to marrow signal
with or without hypointense cortical rim.”

As a differential diagnosis of osteomas, osteochondroma
and condylar hyperplasia should be considered.

Osteochondroma is a cartilage capped tumor which develops
with endochondral ossification and continuous with trabecu-
lar bone. However, osteoma arises from periosteal regions.
Condylar hyperplasia keeps the original shape of the condyle
but osteoma has a lobulated or pedunculated appearance.”
In presence of multiple osteomas Gardner syndrome
(familial adenomatous polyposis) should be considered.
Gardner syndrome is associated with multiple osteomas of
skull, jaws, and long bones accompanied by premalignant
colorectal polyposis, multiple sebaceous or epidermoid cysts
and multiple impacted supernumerary or permanent teeth.”

Malignancy

Malignancies of the TMJ are very rare. The more common
TM]J malignancies are chondrosarcomas, osteosarcomas, and
metastatic disease.

Chondrosarcoma (CS) is a malignant tumor that arises
from embryogenic cartilaginous cells (pure hyaline cartilage
differentiation). It is characterized by the production of carti-
lage without bone.”'** Chondrosarcoma may be divided as
primary or secondary depending on its origin. Secondary
chondrosarcoma develops from a pre-existent benign tumor,
either an enchondroma or an osteochondroma and can be
associated with Maffucci syndrome and Ollier disease.”*””

Chondrosarcomas account for 10%-20% of all malignant
bone tumors and are usually seen in ribs, pelvis, and long
bones with only 1%-2% originating in the head and neck
region. In TMJ, CS is extremely rare, with only 30 cases men-
tioned in the literature until 2016.”" When present, coronoid
process is more commonly involved compared to condyle.”

Chondrosarcoma is a tumor of adulthood and old age with
a mean age of 50 years (ranges from 11 to 75 years) with
female predominance (F:M =2:1) for TMJ region.® Second-
ary chondrosarcomas are found in younger ages, with a
mean age at the time of diagnosis about 35 years.”” These
features differ from head and neck chondrosarcomas.’’ The
etiology of CSs is still unknown. >’

The major symptom of TMJ chondrosarcomas is preauric-
ular swelling, followed by preauricular pain and trismus.”’
Deviation of the mandible, pain on mastication, obstruction
of external auditory canal, limited jaw opening, and hearing
loss may be seen as well. These findings imitate TMD which
delay the diagnosis.””

Figure 27 Coronal and axial CBCT of a cancellous osteoma shows a well-defined pedunculated mass attached to the lat-
eral pole of the condyle. It has a thick cortical outline and the internal surface shows trabecular patterns similar to the
native condyle. The differential diagnosis includes an osteochondroma.
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There is no pathognomonic finding of chondrosarcoma.
On panoramic or plain radiographs, it is seen as a lesion
including single or multiple radiolucent areas.”” On CT, CS
appears as a soft tissue mass with flocculent calcifications in
the joint space and surrounding the condyle with or without
bone destruction (Fig. 28).° In many cases, widening of the
joint space, attributed to condylar resorption, and elongation
of the condylar neck with high attenuation of the condyle are
noted.”"”” Erosion of the glenoid cavity and invasion to the
cranial fossa have been reported as frequent findings.®”' On
MRI, CS gives low to intermediate TIWI signal comparing
gray matter with possible hypointense foci suggestive of
calcification of the tumor and high T2WI signal. It shows
heterogeneous enhancement on T1WI with contrast admin-
istration with frequently present whorls of enhancing lines in
the tumor matrix.”

Chondrosarcoma of the condyle can be confused with
osteochondroma. In this case, patient age and growth rate
are the key factors to aid differentiating them with osteo-
chondroma seen in relatively younger age groups and having
slower growth pattern than chondrosarcoma.” In addition,
osteochondroma appears as a well-defined bony lesion
with an organized low-density center and continuous with
medullary cavity and cortex and has a thin cartilage cap.
Chondrosarcoma demonstrates a soft tissue mass with a het-
erogeneously mineralized center. It can also cause bone
destruction and neighboring soft tissue abnormality. Thick-
ness of the hyaline cartilage cap is a very significant measure
in deciding malignant transformation of osteochondroma.
The thickness of the cartilage cap ranges between 0.1 and
3.0 cm; average, 0.6 and 0.8 cm in benign osteochondromas
and between 1.5 and 12 cm; average, 5.5 and 6.0 cm in
secondary chondrosarcomas.”” No uptake in the whole-
body bone scan eliminates malignant transformation of

Figure 28 Sagittal reformat of noncontract-enhanced CT shows
flocculent whorl-like calcifications anterior and posterior to the con-
dyle in the soft tissues surrounding the joint. The condyle is anteri-
orly displaced by the posterior mass and resorbed posteriorly by
this same mass. The eminence is resorbed by the anterior mass.
(Courtesy, R. Wiggins).

osteochondroma. Osteosarcoma, metastatic disease, calcium
pyrophosphate dihydrate deposition disease and synovial
chondromatosis are the other diseases that can be confused
with chondrosarcoma.”

Osteosarcoma (OS) is a highly malignant bone tumor aris-
ing from the osteogenic mesenchymal matrix, in which oste-
oid, fibrous, cartilaginous and osseous tissues are formed by
malignant stroma.’

Osteosarcoma constitutes about 20% of primary bone
tumors and generally affects the most rapidly growing sites
of the skeleton like long bones (ie proximal tibia, humeral
and distal femoral metaphysis).”"”” It rarely occurs in the
jaws, approximately 6% of all OSs with uncommon mandib-
ular condylar involvement.”* Osteosarcomas of the jaws are
not as aggressive as OSs of long bones and do late metastasis
comparing OSs of long bones.”

Jaw OSs are usually seen in the third decade with a mean
age of 35 years, contrary to long bone OSs that peak in the
second decade, approximately 10 years earlier than jaw
08s.02* They occur in males more than females (M:F =2:1)
although female predilection was reported by some studies.
(Dania)

The most common presentation of TM]J osteosarcomas
are limited mouth opening, limited lateral movements,
obstruction of external auditory canal, unilateral preauric-
ular swelling, headache, TMJ dysfunction or pain which
can be easily misdiagnosed as one of the more common
TM]J diseases.””*

Radiographically, TM] osteosarcomas may have radiolu-
cent (lytic), mixed, or sclerotic appearance with rare peri-
osteal reaction such as sunray spicules or hair on end
appearance in right angles to cortex. They may be lami-
nated as well. The solid component of OS is moderately
enhanced in CT with contrast administration. On MRI, it
gives heterogeneous signal both on TIWI and T2WI. While
non-mineralized solid tumors give intermediate T1 and
high T2 signal; low T1 and T2 signal can be seen in miner-
alized tumors with heterogeneous contrast enhancement
when applied.” Periosteal reaction manifests as a hypoin-
tense region on different MRI sequences.’® Fat suppression
sequences with contrast administration show fine details of
tumor borders.”*’

In the TMJ, osteosarcoma radiographically presenting as a
zone of bone permeation lacking tumor and new bone pro-
duction may not be distinguished from metastatic diseases.”
OS also resembles osteochondroma (OS), chondrosarcoma
(CS) or aneurysmal bone cyst, however, soft tissue constitu-
ent in OS might be a hint to differentiate it from osteochon-
droma.”*”" If the tumor has some radiopacities
chondrosarcoma should be considered and presence of typi-
cal arc or whorl shape calcification suggests CS. Aneurysmal
bone cyst causes pain and expands fast.

Metastatic Malignancies

Among the malignancies potentially affecting the TMJ, non-
primary tumors were defined with the primary tumor
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originating from the breast, lung, prostate, liver, skin, or rec-
tum.”® The literature mentions few cases of condylar metas-
tasis (24 metastatic cases to the condyle between 2000 and
2016 and 48 metastatic cases based on a review published in
2010).7%%

Cancers in the TM]J region are hard to diagnose due to
their profound location and symptoms imitating TMD. "
TMD like symptoms may be a hint for metastasis and/or
relapse.”” A tumor appearing in the TMJ area might be a met-
astatic malignancy. Metastatic malignancies of oro-facial
region are relatively infrequent (about 1%-1.5% of all oral
malignancies) and most commonly seen in patients between
40 and 70 years."' Most of the metastases affect the body of
the mandible and metastasis to the condyle is rare.”” This
rarity may be due to paucity of hematopoietic (red) marrow
and poor local blood supply in the condyle or to the exis-
tence of an osseous plate which limits the metastasis to the
marrow of the condyle. In addition, spread from primary
lesion to the TM]J region is generally hematogenous and
metastasis to a minor joint like the condyle frequently occurs
in the terminal stage of cancer when other metastases are
already clinically obvious.”' However, there are reports
claiming mandibular condyle may be the first metastatic site
recognized. When the metastasis is present it is generally uni-
lateral, but bilateral TMJ metastasis have been reported as
well. TMJ metastasis is frequently associated with mandibu-
lar or generalized skeletal metastases and solitary TMJ
involvement is sporadic.”

Most common primary malignant tumors metastasizing to
TM]J are breast, lung, prostate, kidney, and thyroid. Signs
and symptoms of metastatic malignancies mimic TMD such
as pain, restricted lateral movement, clicking, crepitation,
mandibular deviation, trismus, and malocclusion. Preauricu-
lar swelling, paresthesia, pathologic fracture, hearing loss,
diminished visual acuity, facial asymmetry, and tinnitus may
be observed as well.

Metastatic tumors in the TMJ generally manifest as poorly
defined destructive lesion with invasive margins. Most meta-
static malignancies do bone destruction; however, breast, lung
and prostate metastases can form bone and have sclerotic or
mixed radiographic presentation. Spiculated periosteal reaction
found in other bones may not be present in condyles. In CT,
metastatic tumors with a soft tissue mass and/or destruction of
adjacent structures (ie skull base) can be seen. Increased signal
or enhancing condylar mass may be observed on MRI.°

The differential diagnosis of several diseases affecting TM]
region usually is complicated by the fact that most common
symptoms (limited movement and pain) are common to
most of them. Thus, a special attention must be given to pre-
vent a misdiagnosis of TMD and not to overlook the meta-
static malignancies.40 Osteosarcoma, chondrosarcoma,
multiple myeloma, and osteomyelitis should be considered
in the differential diagnosis of metastatic malignancies. Oste-
osarcoma usually has spiculated periosteal reaction, multiple
myeloma has additional well-defined lesions either in mandi-
ble or other bones and osteomyelitis has mostly parallel peri-
osteal reaction around the cortex.”
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