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Facial Skeleton Remodeling Due
to Temporomandibular Joint
Degeneration: An Imaging Study of 100
Patients

One hundred patients with recently acquired, externally visible mandibular deformity
and no history of previous extraarticular mandible fracture were selected for retrospec-
tive analysis. All had been investigated clinically and with radiography, tomography, and
high-field surface-coil MR imaging to determine the presence or absence and extent of
temporomandibular joint degeneration. Temporomandibular joint degeneration was
found in either one or both joints of each patient studied. Chin deviation was always
toward the smaller mandibular condyle or more diseased joint, and many patients either
complained of or exhibited malocclusion, often manifested by unstable or fluctuating
occlusion disturbances. Three radiologically distinct forms of degenerative vs adaptive
osteocartilaginous processes—(1) osteoarthritis, (2) avascular necrosis, and (3) regres-
sive remodeling—involving the mandibular condyle and temporal bone were identified
in joints most often exhibiting meniscus derangement. Osteoarthritis and avascular
necrosis of the mandibular condyle and temporal bone were generally associated with
pain, mechanical joint symptoms, and occlusion disturbances. Regressive remodeling
was less frequently associated with occlusion disturbances, despite remodeling of the
facial skeleton, and appears to result from regional osteoporosis. Forty patients (52
joints) underwent open arthroplasty procedures, including either meniscectomy or mi-
crosurgical meniscus repair, at which time major radiologic diagnoses were confirmed.
Surgical and pathologic findings included meniscus displacement, disk degeneration,
synovitis, joint effusion, articular cartilage erosion, cartilage healing/fibrosis, cartilage
hypertrophy, osseous sclerosis, osteophyte formation, osteochondritis dissecans, lo-
calized or extensive avascular necrosis, and decreased mandibular condyle mass and
vertical dimension.

We conclude that temporomandibular joint degeneration is the principal cause of both
acquired facial skeleton remodeling and unstable occlusion in patients with intact
dentition and without previous mandible fracture.
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Disorders of occlusion and acquired facial skeleton deformity are common, yet
the pathogenesis of these problems is generally not well understood. The relation-
ship between mechanical temporomandibular joint (TMJ) symptoms, acquired
mandibular deformity, and disturbances of occlusion has long been and continues
to be a subject of controversy [1-11]. Recent clinical and laboratory investigations
with MR imaging have defined TMJ pathology [12-19] and the relationship between
joint degeneration and secondary manifestations, such as mechanical TMJ symp-
toms [5], pain [5, 20-22], facial skeleton deformity [21, 23, 24], and malocclusion
[2, 4, 5, 21-24]. We analyzed the historical, clinical, and radiologic findings in
patients whose primary complaints related to facial deformity and/or deranged
occlusion, correlated this data with surgical and pathologic observations, and
identified three degenerative/adaptive osteocartilaginous processes that cause
predictable changes in the facial skeleton.
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Materials and Methods

One hundred patients (86 females and 14 males, 11-69 years old)
who had presented with acquired, externally visible facial-mandibular
deformity and/or acquired (especially unstable) malocclusion and
subsequently underwent radiologic investigation with radiography,
tomography, and surface-coil MR were selected for retrospective
study. Patients with either history or radiologic evidence of mandib-
ular-facial fractures (other than articular surface fractures of the
mandibular condyle) and secondary deformity/malocclusion were ex-
cluded from the study. Patients with a history of previous orthognathic
surgery were excluded from the series, as were individuals with
lifelong histories of facial deformity and/or anomalies of development.
Many patients complained of acquired unsatisfactory facial contour,
such as chin deviation to one side, with or without chin retrusion;
poor occlusion between the upper and lower teeth; and jaw deviation
toward one side with mouth opening. Occlusal problems included
anterior open bite, posterior open bite, crossbite, and fluctuating
symptoms such as episodic posterior open bite and/or crossbite.
Occlusion-related complaints were more common than complaints
about facial contour, as many patients (with mild mandibular asym-
metry) were not initially aware of facial changes. Over one-half of the
patients in the series either had a previous history of occlusal adjust-
ment with dental braces or were undergoing orthodontic treatment
at the time of the study. Accompanying clinical complaints at the time
of initial evaluation included mechanical TMJ symptoms such as TMJ
clicking, locking, asymmetric jaw motion, masticatory dysfunction,
tinnitus, decreased and/or altered hearing, headache, facial pain,
otalgia, and neck pain. Many patients had no mechanical TMJ symp-
toms. Patients were examined for abnormalities of dentition, such as
loose or missing teeth, periodontal disease, and obvious caries.

Patients were routinely screened with radiography, including sub-
mentovertex and anteroposterior jaw-protruded radiographs of the
skull and mandible. These were followed by closed- and open-mouth,
cephalometrically corrected (obtained perpendicular to long axis of
mandibular condyle) lateral TMJ tomograms, most often employing a
routine of three closed-mouth views at 2- to 3-mm intervals between
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the medial and lateral poles of the mandibular condyle, followed by a
single, midcondyle open-mouth view. Lateral facial radiographs were
obtained in each case. After screening radiographs and tomograms,
patients were studied with surface-coil MR using a 1.5-T supercon-
ducting magnet (General Electric, Milwaukee, WI) and either a com-
mercially available single or dual 3-in. (7.6-cm) surface-coil apparatus
at one of two facilities in different states. Details of both single- and
dual-coil MR technical parameters have been described previously
[16, 18, 21, 22]. Acquisition details for T1- and T2-weighted images
illustrated in this article are identified in the figure legends by TR/TE
(e.g., 500/20 and 2200/80). The presence or absence of abnormality
and stage [5, 24] of TMJ derangement were noted in each case.
Joint effusions and alterations of mandibular condyle morphology and
marrow signal were noted in each case [22].

Results

Clinical observation revealed either asymmetry or retrusion
of the chin point in each patient (Figs. 1 and 2). Complaints
related to occlusion such as crossbite, anterior open bite, and
prematurity of posterior molar contact were confirmed with
physical examination in each case (Figs. 1-3). Radiographic
and tomographic findings were abnormal in each patient (Figs.
4 and 5). Radiographic observations included side-to-side
asymmetry in mandibular condyle size, morphology, and ori-
entation to the skull base; chin displacement to one side; chin
retrusion; loss of posterior mandibular and facial height; and
morphologic deformity of either one or both mandibular con-
dyles (Figs. 1, 4, and 5) [2, 4, 21, 23, 24]. Chin deviation
toward the smaller and/or more deformed mandibular condyle
was present in each case [2, 4, 23]. In cases of unilateral
condylar hypertrophy and prognathism, chin displacement
was toward the smaller (normal or abnormal) opposite joint.

Fig. 1.—Acquired skeletofacial deformity due to advanced degeneration of left temporomandibular joint in 65-year-old woman with 6-year history of
progressive chin displacement, left-sided preauricular pain, and restricted temporomandibular joint function.

A, Frontal photograph of patient in centric (most comfortable state) occlusion reveals chin displacement toward left with tilting of lips.

B and C, Anteroposterior, jaw-protruded (B) and closed-mouth submentovertex (C) radiographs reveal chin displacement toward left, due to degeneration
of left mandibular condyle (solid arrow, C). Note absent left-sided mandibular molars (arrows, B), further accentuating skeletofacial deformity. Open arrow
points to normal right mandibular condyle. Lateral tomograms and MR (not shown) revealed severe condyle degeneration, suggesting old avascular

necrosis and secondary osteoarthritis.
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Fig. 2.—Progressive retrognathia and wors-
ening anterior open bite owing to bilateral
avascular necrosis of mandibular condyles in
42-year-old woman with 5-year history of pro-
gressive skeletofacial deformity (A and B) and
worsening malocclusion and bilateral temporo-
mandibular joint pain and dysfunction (C and D).

A and B, Frontal and lateral closed-mouth
photographs reveal lip incompetence due to se-
vere anterior open bite and mandibular reces-
sion (open arrow, B). Note retrusion of chin (solid
arrow, B) and decreased posterior facial height.

C and D, Anterior and lateral dental photo-
graphs reveal large occlusal surface onlays
(solid black arrows), porcelain crowns (open ar-
rows), and marked intrusion of posterior molars
and molar crowns (white arrows) due to progres-
sive loss of posterior facial height.

Lateral tomographic findings included normal unilateral os-
seous anatomy and alterations in mandibular condyle size,
height, morphology, and position within the glenoid fossa,
including both articular space narrowing (osteoarthritis) and
pathologic articular space widening (avascular necrosis [AVN]
and regressive remodeling) (Figs. 4 and 5) [24]. Osseous
sclerosis, cortical thickening, osteophyte formation, unilateral
and bilateral loss of condylar mass and vertical dimension,
and facial and generalized articular surface depressions were
noted (Fig. 5). Three patients (five joints) with a history of
pain, mechanical TMJ symptoms, progressive retrognathia,
open bite, and loss of posterior mandible exhibited absence
of the condyle and (either most or all) of the condylar neck
(proximal mandibular segment), suggesting that AVN had led
to osseous collapse and resorption (condylysis) (Fig. 1). De-
creased range of forward condylar translation was commonly
observed.

MR findings included side-to-side asymmetry in condyle
size and morphology (Fig. 6A); occasional normal joint an-
atomy (Fig. 6B); early to late stages of TMJ meniscus de-
rangement (Figs. 6C, 6D, and 7) [5, 24]; joint effusion (Figs.
6C, 6D, and 7-9); alterations in mandibular condyle size,
morphology, and marrow signal characteristics suggesting
regional osteoporosis (Figs. 5, 7, and 8); articular (transchon-
dral) fracture or osteochondritis dissecans (Fig. 9); osteoar-
thritis (Fig. 10); and either localized or extensive (entire con-
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dyle and/or condylar neck) AVN (Figs. 11 and 12) [21, 24,
25]. Five joints with morphologic changes suggesting regres-
sive remodeling exhibited increased marrow signal on T2-
weighted images (Figs. 5, 7, and 8). Side-to-side skeletal
variations and deformities were best delineated on conven-
tional radiographs (Figs. 1 and 4). Side-to-side masticatory
muscle asymmetry was noted on MR studies in cases of
clinically obvious craniomandibular deformity [26]. Ten joints
exhibited severe structural alterations that made it impossible
to distinguish old AVN from osteoarthritis, suggesting that
both processes may have occurred in these joints (Figs. 1, 3,
and 10).

Surgical observations from 40 patients (52 joints) operated
on for bothersome mechanical TMJ symptoms, pain, and
radiologically demonstrated joint derangement believed to be
responsible for progressive facial deformity and/or occlusal
disturbance confirmed major radiologic diagnoses such as
disease stage in each instance. Joints exhibiting radiographic-
tomographic and MR findings suggesting osteoarthritis were
uniformly found to have severely displaced and degenerated
disks, with or without synovitis and joint effusion (Fig. 10).
Perforation of the meniscus attachments (most often poste-
rior) was encountered in each case of suspected osteoarthri-
tis. Erosion of mandibular condyle and/or temporal bone
articular cartilage was commonly observed, with or without
evidence of cartilaginous healing and fibrosis. Small foci of
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osteochondritis dissecans and osteophytes along articular
surface margins were observed occasionally when these find-
ings were not apparent on imaging studies, particularly when
operative microscopy (magnification, X10) was used. Joints
exhibiting radiologic characteristics suggesting either osteo-
chondritis dissecans or AVN manifested variable condylar

Fig. 3.—Rapidly progressive, asymmetric anterior open bite and right-
sided posterior open bite (open arrow) with premature contact of posterior
molars on left due to destruction of left condyle resulting in loss of posterior
mandible height caused by permanent Proplast implant in a 30-year-old
woman with progressive malocclusion, left temporomandibular joint pain,
and worsening mechanical symptoms. Severe occlusal wear (black ar-
rows), due to chronic bruxism, indicates prior occlusal contact. Note
intrusion of left posterior molars (solid white arrow) compared with right
side.

AJNR:11, May/June 1990

articular surface abnormalities, such as cartilage erosion,
often with articular surface depression, with or without evi-
dence of osteocartilaginous healing (Fig. 11) [21]. Joints that
contained permanent alloplastic implants (especially Proplast,
Vitek, Houston) and exhibited destructive soft-tissue and
osseous changes uniformly contained foreign body-type
granulomata (Fig. 3) [23]. Histologic study of removed os-
seous fragments revealed findings compatible with either
osteochondritis dissecans or AVN. Core decompression of
selected diseased condyles revealed areas of normal-appear-
ing marrow, and areas of either bone softening or sclerosis
with complete lack of bleeding in focal areas, proved to
represent various stages of AVN at histology. Advanced
stages of meniscus derangement, usually with perforation,
were encountered in all cases of osteochondritis dissecans
and AVN. Cases in which condylar “regressive remodeling”
was diagnosed on imaging studies typically exhibited ad-
vanced-stage disk derangement, with or without perforation,
with either intact or hypertrophic articular surface cartilage
(Figs. 4-7) [24]. No hypertrophic osteophytes were seen in
these cases.

Discussion

Mandibular and facial fractures are obvious causes of ac-
quired facial deformity and malocclusion [27]. Destructive
complications of TMJ arthroplasty with permanent implants
are known to result in acquired facial deformities and unstable
occlusions [23]. Loose and missing teeth will accentuate
skeletal deformity and often aggravate symptoms in diseased
TMJs (Fig. 1) [3]. In 1966, Boering [1] described “arthrosis

A o B c

Fig. 4.—Regressive remodeling of left mandibular condyle causing slowly progressive skeletofacial deformity in a 33-year-old woman with 4-year
history of episodic temporomandibular joint (TMJ) clicking, recently progressed to locking and episodic preauricular pain. Skeletal occlusion was stable
at clinical evaluation, although intruded left posterior molars were found.

A, Open-mouth jaw-protruded frontal radiograph reveals chin (dot) displacement toward degenerated left TMJ.

B, Closed-mouth lateral TMJ tomogram (obtained with patient in centric occlusion) reveals pathologic widening of articular space, now occupied by
articular cartilage and retrodiskal soft tissues, (arrows) with small mandibular condyle.

C, Closed-mouth sagittal 3-mm-thick MR image, 2200/25, reveals normal condylar marrow signal with anterior displacement and degeneration of
meniscus (black arrow), nonreducing on open-mouth views (not shown). Note apparent osseous thickening, surgically proved to represent hypertrophic
cartilage along articular surface of temporal bone superiorly (white arrows). Meniscus derangement and articular cartilaginous hypertrophy on both
temporal bone and mandibular condyle were confirmed during meniscectomy.
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Fig. 5.—Progressive loss of condylar mass
and vertical dimension (regressive remodeling)
over 16 months associated with surgically con-
firmed meniscus derangement in 24-year-old
woman with painless clicking (A) that pro-
gressed to painful locking and episodes of pos-
terior open bite (B-D) over a 16-month interval.
There was externally visible displacement of
chin toward deranged joint at time of second
imaging (B-F).

A, Cephalometrically corrected lateral tomo-
gram through midcondyle with mouth closed re-
veals normal condyle morphology and widened
anterior articular space (arrow), suggesting an-
terior displacement of meniscus (not seen).

B, Lateral midcondyle tomogram 16 months
later reveals persistent widening of anterior joint
space (straight white arrow) with flattening of
condyle surface (black arrow) compared with A.
Note indentation of condylar neck (curved ar-
row), not present in A.

C-F, Sagittal closed-mouth MR images, 2200/
20 (C) and 2200/80 (D), and half-open (E) and
fully open (F) images, 30/13/short (30°) flip an-
gle, reveal marked anterior displacement of de-
generated meniscus (curved arrows) and large
effusion (small white arrows). Note how menis-
cus is completely dislocated anteriorly relative
to articular space on closed-mouth views (C and
D) and fails to reduce with mouth opening (E and
F). Slightly increased T2 signal from condylar
marrow (large arrow, D) represents increased
marrow fluid. Joint pain and occlusion distur-
bances did not recur during 12 months after
meniscectomy.

deformans” to explain acquired mandibular deformity with
ipsilateral lateral displacement of the chin with or without
retrognathia due to underlying TMJ degeneration without
fracture. On the basis of clinical investigations using two-
compartment arthrography and correlative surgical obser-
vations, Wilkes [8, 9] described progressive meniscus de-
rangement as the explanation for mechanical symptoms and
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occlusion disturbances. Recent investigations have defined
the progressive nature and pathologic stages of TMJ de-
rangement [5, 24]. Adaptive cartilaginous and osseous proc-
esses have been shown to accompany the early stages of
TMJ meniscus derangement, indicating that osteocartilagi-
nous TMJ remodeling is a dynamic response to intraarticular
soft-tissue disease [24, 28, 29]. Anomalous development,
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mandibular condyle AVN [21, 23], and advanced stages of
TMJ degeneration [5, 24] have been shown to result in
acquired mandibular deformity (Figs. 1-12). Different varia-
tions of degenerative-adaptive osteocartilaginous changes on
occasion are noted simultaneously within opposite joints of
the same individual (Fig. 10). Osteoarthritis, AVN, and regres-
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Fig. 6.—Skeletofacial deformity due to re-
gressive remodeling of right mandibular condyle
in 34-year-old woman with 3-year history of pro-
gressive right-sided temporomandibular joint
pain and dysfunction. Skeletal occlusion intact
at time of investigation.

A, Axial 5-mm-thick MR image, 500/20,
obtained with dual temporomandibular joint
surface-coil apparatus reveals small right man-
dibular condyle (curved arrow) and normal left
condyle (straight arrow). Marrow signal is normal
within both condyles.

B, Closed-mouth sagittal image, 2200/25, of
left joint reveals normal meniscus (arrow) and
osseous structures.

C and D, Closed-mouth images, 2200/25 (C)
and 2200/80 (D), of right joint reveal anterior
displacement and thickening of meniscus (white
arrows) with upper-compartment effusion (black
arrows) and normal marrow signal within small
(compare with B) right mandibular condyle (as-
terisk).

Fig. 7.—Chronic headache, ear pain, and in-
sidious occlusal changes due to nonreducing
inflammatory temporomandibular joint arthrop-
athy and regressive remodeling of mandibular
condyle in 19-year-old woman.

A and B, MR images show advanced derange-
ment with anterior displacement and deformity
of meniscus (curved arrows); elongated, thinned,
but intact posterior attachment (small white ar-
rows); and increased marrow fluid (/arge white
arrow) suggesting edema and transient regional
osteoporosis. Radiographs (not shown) revealed
this diseased condyle to be smaller than on
opposite side. Chin was displaced toward de-
generated joint.

sive remodeling of the mandibular condyle coupled with facial
deformity most often occur as a consequence of TMJ soft-
tissue derangement (Fig. 13). Exceptions to this include (1)
instances of direct-impact trauma to a normal joint leading to
either osteochondrai fracture or AVN and subsequent os-
teoarthritis, without damage to the meniscus and retrodiskal
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Fig. 8.—Headache, neck, and temporomandibular joint pain with progressive retrognathia due to condylar subsidence associated with normal meniscus
in 12-year-old girl (in orthodontic braces at time of study) with proved juvenile rheumatoid arthritis. Tomograms (not shown) revealed bilateral articular
surface infractions of mandibular condyles coupled with osseous demineralization, interpreted to represent osteoporosis.

A-C, Sagittal, 2500/20 (A) and 2500/80 (B), and coronal, 600/20 (C), MR images reveal normal meniscus (long arrows), joint fluid (small straight
arrows), and depression of articular surface (curved arrows) of mandibular condyle (compare with Fig. 6B). Increased marrow signal (large white arrows)
represents increased marrow fluid, believed to represent regional osteoporosis. Surgery was not performed.

Fig. 9.—Mandibular condyle deformity due to
old healed osteochondritis dissecans (trans-
chondral fracture) sustained during jaw trauma
2 years before imaging in 32-year-old woman
with clinically “frozen joints” and severely re-
stricted mouth opening.

A and B, Sagittal closed-mouth MR images,
2200/25 (A) and 2200/80 (B), reveal depressed
central articular surface (black arrows) in center
of mandibular condyle beneath slightly thick-
ened, but normally positioned, posterior band of
meniscus (white arrows).

C and D, Adjacent coronal images, 800/20, 3
mm thick (D anterior to C), reveal depressed
central articular surface of condyle (black ar-
rows) beneath thickened meniscus (white
arrows).
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Fig. 10.—Advanced bilateral joint degenera-
tion with features primarily of osteoarthritis (A
and B) and regressive remodeling (C and D) in
50-year-old woman with long history of pain, joint
dysfunction, episodic occlusal disturbances, and
chin displacement toward C and D.

A and B, Sagittal images, 2200/25 (A) and
2200/70 (B), reveal severe displacement and
degeneration of meniscus (curved arrows), nar-
rowing of articular space (long straight arrows,
compare with C and D), and subarticular cystic
change (short straight arrows), tomographically
confirmed.

C and D, Meniscus (curved arrows) is ante-
riorly displaced and degenerated. Note thinned
but intact posterior attachment (white arrows)
within maintained articular space (compare with
A and B). Condyle (straight black arrows) ex-
hibits predominantly regressive changes com-
pared with A and B.

A Cc

Fig. 11.—Rapidly progressive skeletofacial deformity and anterior open bite due to bilateral avascular necrosis of mandibular condyles in 29-year-old
woman with 2-year history of bilateral joint pain and dysfunction and 10-week history of progressive retrognathia and anterior open bite.

A, Lateral radiograph reveals decreased vertical dimension in posterior mandible (curved arrows), chin retrusion, and anterior open bite (white arrow).

B and C, Closed-mouth sagittal, 2500/25 (B) and 2500/80 (C), MR images reveal surgically confirmed late-stage derangement of meniscus (/arge white
arrows) and joint effusion (small white arrows). Healing, fractured cortical bone (straight black arrows) from articular surface lies above area of marrow
edema (curved arrows). Zone of tomographically confirmed osseous healing and sclerosis (open arrows) lies above area of marrow edema in condylar
neck (arrowheads). Pain was immediately relieved by meniscectomy, joint debridement, and reconstructive arthroplasty without alloplastic materials.
Skeletal occlusion and facial deformity were stable and unchanged 15 months after surgery.
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Fig. 12.—Severe condylar deformity and resorption (condylysis) due to
old avascular necrosis in a 29-year-old woman with history of mandibular
injury during adolescence and progressive skeletofacial deformity and
malocclusion in recent years. Sagittal image, 600/20, 3 mm thick, reveals
complete loss of marrow signal within deformed condyle (black arrow).
Flattening of articular surface of temporal bone (white arrows) is due to
osseous remodeling.

4

-
»ﬂ\(i‘m

Fig. 13.—Proposed relationships between meniscus derangement, os-
teocartilaginous remodeling, and joint degeneration. Normal mandibular
condyle, articular cartilage, and meniscus are on far left. Early remodeling
and deformity of mandibular condyle and cartilage due to overlying menis-
cus derangement is in middle. Osteoarthritis (upper right), avascular ne-
crosis (middle right), and regressive remodeling (lower right) of mandibular
condyie occur secondary to meniscus derangements in most cases.
Straight arrows denote direction of disease progression. Note hypertrophic
cortical bone and cartilaginous thickening along anterior margin of de-
formed condyie in osteoarthritis. Curved arrows denote how osteoarthritis
and avascular necrosis of mandibular condyle may precede or follow one
another. Note thickened articular cartilage beneath deranged meniscus in
regressive remodeling and compare with normal joint on left.

soft tissues at the time of injury (Fig. 9); (2) barotrauma and
systemic chemotherapy (especially steroids), which may di-
rectly insult the condylar marrow and lead to AVN; and (3)
systemic inflammatory diseases such as rheumatoid arthritis
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(Fig. 8) and the connective tissue disorders, which may lead
to osteocartilaginous degeneration without meniscus de-
rangement [21]. In our experience, internally deranged joints
appear to be more susceptible to additional insult and com-
plications such as osteochondritis dissecans and AVN with
episodes of trauma compared with normal joints [5, 21, 22,
24, 27].

Osteoarthritis

Osteoarthritis is the most commonly diagnosed degenera-
tive joint disorder on radiologic studies and represents the
end result of a wide variety of injurious processes [30]. In the
TMJ, osteoarthritis (Fig. 10) is recognized both radiologically
and surgically/pathologically by findings such as narrowing
and/or obliteration of the articular space; mandibular condyle
flattening; deformity and sclerosis; hypertrophic osteophytes
at the articular surface margins; advanced displacement and
degeneration of the meniscus, most often with perforation of
disk attachments; and areas of erosion, healing, and marginal
hypertrophy of the articular cartilage of the condyle and
temporal bone (Figs. 10 and 13) [5, 24]. With the loss of
articular cartilage, condyle flattening, and degeneration, there
is progressive loss of vertical dimension within the condyle
and condylar neck (proximal mandibular segment), often re-
sulting in facial contour changes, as the chin moves poste-
riorly and laterally toward the ipsilateral degenerated joint
(Figs. 13 and 14) [4, 5, 21-24, 31]. Most often, osteoarthritis
produces insidious skeletal changes, allowing simultaneous
ipsilateral dental intrusion and realignment accompanied by
contralateral realignment and/or eruption to occur as adaptive
responses to proximal skeletal changes (Figs. 3 and 14) [22,
24]. Major, long-term alterations in occlusion are avoided by
this dental adaptation; however, fluctuating occlusion distur-
bances such as transient posterior open bite are common
during episodes of joint inflammation. Most osteoarthritic
joints ultimately reach a state of clinical and radiologic stability
[5]. This state of clinical stability can be disrupted by injury,
systemic illness, and occlusal manipulations, which result in
joint inflammation and renewed skeletal remodeling [21, 24,
20

AVN

AVN or aseptic necrosis of the mandibular condyle has
been shown to be a common sequela of inflammatory joint
derangement [21, 22]. Systemic disease, trauma, orthodon-
tics, and orthognathic surgery all may lead to AVN of the
condyle in a previously deranged joint; however, internal
derangement of the TMJ with inflammation is the most com-
mon cause of AVN (Figs. 1, 2, 11, and 12) [21, 22, 32]. With
AVN, the articular surface of the condyle loses structural
integrity and is prone to mechanical failure (fracture), leading
to loss of vertical dimension (Figs. 11-13) [2, 4, 21-25, 27,
32-36]. The rapid loss of vertical dimension frequently leads
to major disturbances of occlusion, such as contralateral
anterior open bite with ipsilateral posterior molar prematurity
of contact and crossbite; this causes facial deformity and chin
displacement toward the vertically collapsed joint (Figs. 1-3,
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A

Fig. 14.—Effects of skeletal remodeling on occlusion and facial appearance.
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A, Slow, symmetric temporomandibular joint degeneration permits maintenance of side-to-side facial symmetry and intact occlusion. Red vertical line

divides central incisors (arrows).

B, Slow degeneration (regressive remodeling, osteoarthritis) of one temporomandibular joint and mandibular condyle (curved arrow) permits adaptive
dental remodeling to maintain stable occlusion despite facial deformity. Note deviation of chin point (straight arrow) toward degenerated temporomandibular

joint. Central incisors remain aligned relative to vertical line.

C, Sudden decreased vertical dimension in temporomandibular joint (acute avascular necrosis, fracture, rapid regressive remodeling) may lead to
ipsilateral premature contact of posterior dentition (long arrow), contralateral open bite (open arrows), and shifting of lower teeth and mandible toward
degenerated joint. Note how low central incisors (small arrows) have shifted relative to vertical line despite less deviation of chin (large short arrow)
relative to B. This explains how small, but abrupt, changes in joint dimension may lead to catastrophic occlusion disturbances.

11, and 14) [2, 4, 21, 23, 24]. Various stages of AVN are
often observed within the same joint on long TR/short and
long TE MR studies, representing areas of ischemia, inflam-
mation, necrosis, and repair (Fig. 11) [21, 22, 24]. Many cases
of mandibular deformity are a result of AVN. AVN may develop
within a quiescent osteoarthritic joint if the joint is stressed
by trauma; iatrogenic manipulation; barotrauma; and/or sys-
temic inflammatory iliness, such as connective tissue disorder,
pancreatitis, or exogenous steroid administration (Fig. 13)
[21]. AVN leads to secondary osteoarthritis.

Regressive Remodeling

Regressive remodeling is clearly both a degenerative and
adaptive process that differs from osteoarthritis and AVN
clinically and radiologically [24]. In regressive remodeling, the
osteocartilaginous response to meniscus displacement and
degeneration is generally characterized by slow, insidious
osseous remodeling and resorption leading to the loss of
condylar mass and vertical dimension, without hypertrophic
changes (Figs. 4-7 and 14). This loss of vertical dimension
and mass appears to be mediated by osteoporosis (Figs. 5,
7, and 8) [36]. Regressive condylar changes begin in the
earliest stages of meniscus derangement and are typified by
subtle widening of the articular space adjacent to the dis-
placed meniscus (Figs. 4 and 5), suggesting that meniscus
displacement and thickening provide the noxious stimulus for
subsequent osteocartilaginous remodeling (Fig. 13) [24]. Both
the articular surfaces of the temporal bone and mandibular
condyle are observed to undergo these adaptive changes
(Figs. 4-7). This regressive-adaptive process is often, but not
necessarily, accompanied by insidious, adaptive dental
changes that maintain comfortable occlusion and further ac-
commodate the meniscus derangement (Figs. 2, 3, and 14)

[2, 4, 5, 22, 24]. If condylar regression is rapid, occlusion
disturbances will result (Figs. 8 and 14). In patients with either
permanent oral (teeth) implants or fixed crown-and-bridge
work and a fully splinted dental arch, any form of joint degen-
eration that results in the loss of vertical dimension within
either the joint or mandible may lead to profound malocclu-
sion, as the teeth can no longer realign to accommodate joint
changes. Externally visible chin displacement toward the
smaller and more deranged joint is a common finding at initial
clinical and radiologic investigation. At surgery, these joints
often exhibit either thinned, but intact meniscus attachments
or perforations and normal articular cartilage. In some cases,
articular cartilage may be hypertrophic (Fig. 4).
Tomographically, there is either a normal or widened ante-
rior superior articular space; this contrasts sharply to osteoar-
thritis, in which the joint space is either narrowed or obliter-
ated (Figs. 4, 5, and 10). There is a lack of hypertrophic
osteophyte formation, and condylar marrow MR signal char-
acteristics are either normal (Figs. 4 and 6) or exhibit increased
marrow fluid (decreased T1 signal and increased proton den-
sity and T2 signal relative to normal marrow), suggesting
increased metabolic activity due to transient osteoporosis and
bone resorption (Figs. 5, 7, and 8) [36-40]. It is impossible to
distinguish early condylar AVN (ischemia/edema phase) from
what we propose represents transient, regional osteoporosis
of the condyle and/or proximal mandibular segment on the
basis of MR signal changes alone [40]. Clinical observations
of MR signal changes in the appendicular skeleton and fem-
oral head suggest that early marrow edema (stage | AVN)
and transient, regional osteoporosis are identical, represent-
ing a spectrum of altered marrow physiology [38-40]. Radio-
logically observed morphologic changes and clinical obser-
vations help direct one toward a proper diagnosis. Joints
exhibiting typical radiologic features of regressive remodeling



have been observed to undergo AVN and structural collapse
after stress, such as injury, orthodontics, and/or orthognathic
surgery (Fig. 13) [2, 21, 24, 27].

Clinicians must ask the questions: “Why is this face chang-
ing?" and “Why is this patient’s occlusion unstable?" before
endeavoring to alier skeletal relationships with dental appli-
ances, orthodontic braces, and/or orthognathic surgical pro-
cedures. In the absence of obvious fractures and/or missing
teeth, the answer to these questions most often will be TMJ
disease. MR imaging will be required to establish and stage
this disease. Both failed orthodontic occlusion adjustment
and orthognathic surgery may result from underlying TMJ
arthropathy, as TMJ disease is a progressive disorder that
may be exacerbated by skeletal manipulations [5, 21, 24].
The effects of childhood TMJ internal derangement on facial
growth and development need to be fully investigated with
MR.

We recommend screening skull-mandible radiography, in-
cluding submentovertex and open-mouth, jaw-protruded ra-
diographs of the skull and mandible; this should be followed
by closed- and open-mouth, lateral TMJ tomograms, followed
by a surface-coil MR study of the TMJs and skull base in
patients with acquired facial skeleton remodeling and/or de-
ranged occlusion. Lateral radiographs of the mandible and
facial bones are helpful in cases of anterior open bite, retro-
gnathia, prognathism, and maxillary deficiency.
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