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Unusually severe limitation of the jaw attributable to
fibrodysplasia ossificans progressiva: a case report with cone-beam

computed tomography findings
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Fibrodysplasia ossificans progressiva (FOP) is a rare hereditary connective tissue disease characterized by the
progressive ectopic ossification of ligaments, tendons, and facial and skeletal muscles throughout life. Symptoms begin in
childhood as localized soft tissue swellings. Immobility and articular dysfunction appear with involvement of the spine and
proximal extremities. The temporomandibular joint (TM)) is a critical component involved in the maxillofacial region,
resulting in severe limitation of masticatory function, although TMJ involvement is rare. We report a case of FOP presenting
as severely limited TMJ movements owing to ectopic calcification of the left coronoid process. In addition to the clinical
examination, panoramic radiography and cone-beam computed tomography images were obtained. The case is presented
and the clinical and imaging findings, differential diagnosis, and treatment modalities are discussed. (Oral Surg Oral Med

Oral Pathol Oral Radiol 2012;113:404-409)

Fibrodysplasia ossificans progressiva (FOP) is a rare,
catastrophic genetic disorder involving progressive
hypertrophic ossification. It was first described by
Guy Patin in 1648. Bauer and Bode used the term
fibrodysplasia ossificans progressiva, also known as
“stone man” deformity, in 1880."2 FOP is also
known as myositis ossificans progressiva (MOP) and
causes immobility through the progressive metamor-
phosis of skeletal muscle and soft connective tissue
into a second skeleton of heterotopic bone.?

Classic FOP is characterized by congenital mal-
formation of the great toes with shortening of the
first metatarsal and proximal phalanx (hallux vagus)
and by progressive heterotopic ossification in spe-
cific anatomic patterns, usually beginning in the first
decade of life with a mean age of onset of 3 years.*>
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The incidence is approximately 1 in 2 million, with
about 700 reported cases. No sexual, racial, or ethnic
predilection has been reported.*®

The inheritance of FOP is autosomal dominant,
with variable expression and penetration, although
most cases are thought to be attributable to new
mutations. The FOP gene has been mapped to chro-
mosome 4q27-31.° Additionally, FOP is linked to
2q23-24 via the gene encoding activin receptor IA
(ACVR1), a bone morphogenic protein (BMP) type I
receptor.”>78

Patients usually present in childhood with painful
fibroproliferative nodules that change to lamellar
bone, bridging and immobilizing the joints of the
axial and appendicular skeleton. The neck, spine,
shoulders, elbows, and ankles are the active regions
of ectopic ossification. Most patients are confined to
a wheelchair, and become immobilized because of
the progressive immobilization of the limbs, jaw, and
chest wall, causing severe limitations on movement.
Pulmonary complications and death are frequent,
primarily in the fifth and sixth decades of
life. 1,2,9-11

Maxillofacial involvement is also encountered in
this patient group, leading to severe limitation of
mouth opening. The temporomandibular joint (TMJ)
is involved in approximately 70% of FOP cases and
is often the last osseous articulation to be af-
fected.”!>'? Extra-articular ossification, progressing
to ankylosis, is the major limiting factor encountered
in these cases.’

This article presents a case of FOP of the TMJ along
with panoramic radiography and cone-beam computed
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Fig. 1. Radiograph showing the periapical pathosis of the
second left mandibular molar.

tomography (CBCT) findings to make a contribution to
the clinical and radiological findings and differential
diagnosis of FOP.

CASE REPORT

A 20-year-old female complained of restricted mouth opening
and pain in the lower left jaw. Her chief complaint was
swelling in the left molar region. The patient had suffered
from FOP since childhood. She had no siblings and her
parents were not consanguineous. There was no family his-
tory of any similar disease. Her physician diagnosed the
patient’s condition and confirmed a mutation in the ACVRI
gene with a polymerase chain reaction evaluation and DNA
sequence analysis.

The patient had a walking disorder because of ectopic
calcification of the hips, ankles, and elbows. She also had a
posture problem because of ectopic calcification of the neck,
spine, and shoulders. She had no history of trauma, TMJ
surgery, or steroid injection into the TMJ. The patient had
restricted mouth opening, so an intraoral examination could
not be performed. An extraoral examination revealed mild
swelling on the left side of the mandible.

Based on the first examination, ankylosis was suspected,
and a panoramic radiograph was taken, which showed peri-
apical pathosis of the second left mandibular molar. Both
TMIJs showed degeneration and flattening of the condyles.
However, there was no evidence of ankylosis of the TMJ
(Fig. 1).

Initially, it was thought that the restricted mouth opening
arose from an infection, with possible spread to the masticat-
ing muscles. CBCT (NewTom 3G, QR; Verona, Italy) was
performed with 3-dimensional (3D) reconstruction to define
the pathologic features more precisely. This showed bony
extension of the left coronoid process with ankylosis to the
skull base medial to the left zygomatic arch in the area of the
left temporal muscle. Axial, sagittal, and coronal images also
showed degeneration of both TMJs (Fig. 2). An interesting
finding was the “bifid condyle” appearance in the right TMJ,
possibly attributable to FOP (Fig. 3). Based on these findings,
fusion of the hypertrophic mandibular coronoid processes to
the skull base was thought to be the reason for the lack of
TMJ mobility and restricted mouth opening.

The CBCT images also showed ossification of the right
mastoid region (Fig. 2) and tall narrow cervical vertebrae
bodies with large posterior elements, which caused the pos-
ture problem. The 3D reconstructed images demonstrated the
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ectopic ossification of the cleft coronoid process that was
responsible for the limited jaw mobility and restricted mouth
opening (Fig. 4). The patient was referred to surgery for
reconstruction of the coronoid process to improve her mouth
opening.

DISCUSSION

FOP is a rare debilitating condition characterized by
intermittent swellings within the soft tissues that pro-
gressively transform into bone.'* Defects in skeletal
patterning are associated with progressive ossification
of the large striated muscles in a specific order, leading
to prolonged disability.'>'® The symptoms typically
begin in childhood and congenital anomalies of the feet
are an early diagnostic sign, bilateral short great toes
(hallux vagus) being the most important.'” Patients
with FOP have 2 skeletons: the normotopic and heter-
otopic skeletons. The normotopic skeleton forms dur-
ing embryogenesis and the heterotopic skeleton devel-
ops after birth. During the first decade of life, children
with FOP develop painful soft tissue swellings that
transform soft connective tissue into bone.” Maturing
heterotopic bone generally forms rigid synostoses,
thereby restricting motion and exacerbating the disabil-
ity.°

The anatomical progression of heterotopic bone for-
mation in FOP follows a characteristic temporal pat-
tern. The dorsal, axial, cranial, and proximal regions of
the body are typically involved early in life, followed
by the ventral, appendicular, caudal, and distal regions.
The main target is the axial musculature. Significant
axial involvement of the neck, spine, and shoulders was
present in our case.'” The diaphragm, tongue, extraoc-
ular, cardiac, and smooth muscles are spared in FOP.?
The severity of FOP varies among patients, although
most affected individuals become immobilized because
of extensive heterotopic bone formation and the loss of
joint flexion by the third decade, leaving them depen-
dent on assisted devices for the activities of daily liv-
ing."!

The etiology of FOP is beginning to be understood.’
Recently, a recurrent mutation in ACVRI/ALK2, a
BMP type I receptor, was reported in FOP cases. This
mutation predicts destabilization of the glycine—serine
domain, consistent with an overactive BMP signaling
pathway as the underlying cause of the ectopic ossifi-
cation and joint fission in FOP.*->8

Previously, Lucotte et al.'® mapped FOP to chromo-
some 17q21-22. They suggested that SMAD, a path-
way-specific gene, and other genes were responsible for
the possible linkage, which warrants further investiga-
tions. Feldman et al.'” identified the 4g27-31 gene as a
possible cause of FOP. Recently, Shore et al.* mapped
FOP to chromosome 2q23-24 using linkage analysis. In
a recent review, Kaplan et al.” stated that BMP signal-
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Fig. 2. a-c, Sagittal, axial, and coronal CBCT images show a radiopaque ossification under the left zygomatic arch through the
skull base (arrows). The relationship between the surrounding muscles cannot be visualized on CBCT images. d, The axial image
also shows marked opacification in the right mastoid region (arrowhead).

ing in FOP remains undetermined and further investi-
gation should be conducted.

Both genetic and environmental factors affect the
onset of FOP. Trauma has been related to most cases,
although there are also cases with no history of injury.?’
Bone formation can be triggered by trauma to the
muscles, surgical intervention, intramuscular injection,
venipuncture, and dental therapy. An exaggerated in-
flammatory response mechanism has been suggested
for the pathogenesis of FOP. Gannon et al.'’ reported
the role of mast cells in the development of FOP
lesions. Shafritz et al.*' demonstrated the dysregulation
of BMP-4 production and enhanced levels of BMP-4
mRNA and protein in lymphoblastoid cells in FOP
patients.

Flare-ups of FOP involving the TMJs can cause the
jaw to fuse, and make eating and performing dental
procedures difficult. The TMJs are characteristically
among the last joints to be affected by FOP. However,
involvement of the TMJs has been reported following
dental procedures or oral trauma at any age. Possibly
the most feared lesions in FOP are those that involve
the muscles of mastication. FOP flare-ups resulting in

limited mouth opening can follow the injection of local
anesthetic for inferior alveolar nerve blockage in dental
treatment.' >

Few clinicians are aware of the classic features of
FOP and the specific association of preosseous soft
tissue lesions with FOP are commonly mistaken for
sarcomas or fibromatosis.” Kitterman et al.** stated that
nearly 90% of FOP patients worldwide are misdiag-
nosed and 67% undergo dangerous and unnecessary
diagnostic procedures, such as incisional and excisional
biopsies that lead to permanent harm and lifelong dis-
ability.

FOP should be diagnosed noninvasively as early as
possible, based on the history and clinical and radio-
logical findings.'*'®?* Tmaging is crucial to make a
proper diagnosis of FOP. Panoramic radiography, the
lateral cephalometric (skull) projection, and oblique
lateral mandibular ramus projections should be the first
steps in the radiographic examination, although plain
radiographs may be normal at the onset of FOP. After
several weeks, calcification appears centrally within the
soft tissue. Further calcification appears adjacent to the
affected muscle and increases until the soft tissue mass
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Fig. 3. Coronal and sagittal CBCT images showing a bifid
right TMJ condyle, possibly owing to FOP (arrows).

is ossified completely.* A periosteal reaction is fre-
quently evident in the adjacent bone and may precede
ossification of the soft tissue mass.”

Panoramic radiography is a useful technique, be-
cause the posterior maxilla and coronoid process are
seen. Radiographic projections, such as the transcranial
view of the TMIJs, submentovertex view, or Towne
projection, do not provide adequate visualization of the
coronoid process because of superimpositions. More-
over, the radiologist usually does not pay attention to
the coronoid processes because the focus is on the
TMIJs. The lateral views will show coronoid hyperpla-
sia, but cannot show the relationship between the hy-
perplastic segment and zygomatic arch.”**® In our
case, the elongation of the coronoid process was over-
looked initially because of superimposition in the pan-
oramic radiograph. However, CBCT led to the correct

Fig. 4. Three-dimensional reconstructed CBCT images
showing the elongation of the coronoid of the right TMJ
through the skull base, which restricts mouth opening (ar-
rows).

diagnosis of exostosislike hyperplasia on the inner as-
pect of the zygoma, bulging into the infratemporal
fossa.

Computed tomography is the modality of choice for
assessing soft tissue calcifications and ossification
bridges. The FOP ossification process starts cranially,
progressing caudally. On CT, the ossification can be
seen much earlier than on plain radiographs. Edema can
be seen within and between the muscles. The initial
calcification occurs around or adjacent to muscle,
which can be reduced in size and then calcify by the
third or fourth week. CT can readily distinguish large
areas of bone that appear in the masticator muscles,
fasciae, tendons, and ligaments with ossified bridges
forming around joints. In the maxillofacial area, the
muscles and fascial planes can be replaced by ossified
sheets. Pseudojoints can form within the maxillofacial
structures,” as in our case. CBCT can be used instead of
CT because of the lower radiation dose needed to
evaluate this region. However, CBCT cannot delineate
the soft tissues, so the early stages of FOP cannot be
distinguished in soft tissues. Moreover, the edema
around the muscles cannot be seen in CBCT images.

Magnetic resonance imaging (MRI) is another mo-
dality for visualizing FOP. Early lesions manifest as
soft lesions displacing the fascial planes and these have
a signal as intense as normal muscle on T1-weighted
images, heterogeneously hyperintense on T2-weighted
images, and show diffuse soft tissue edema. As the
disease progresses and the lesion matures, the T2 hy-
perintensity decreases and areas of low signal intensity

appear.4,25,29,30
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Bone scintigraphy can also be used for diagnosing
FOP. Typically, active lesions take up 99 m-technetium
diphosphonate, and this decreases as the lesions ma-
ture.””" Ultrasound (US) is also useful for imaging
FOP and can detect the early soft tissue changes. An
early diagnosis can be made with US before any radio-
graphic abnormalities appear. Vascularization is ob-
served primarily in the early stages on US, and it tends
to disappear as the lesion progresses.””*>

The differential diagnoses of FOP should include
fibrosarcoma, extraosseous sarcoma, Still’s disease, an-
kylosing spondylitis myositis ossificans circumscripta,
and osteodystrophy.”'*'®?> Other pathologies should
also be considered in the differential diagnosis, includ-
ing traumatic myositis ossificans and rigid spine syn-
drome 36912

There is no known therapy effective against FOP.
Medical therapy has limited success. Diphosphonates
have been tried to reduce the ectopic calcification and
inhibit reossification following surgery.’” Retinoids,
adrenocorticotropic hormone, corticosteroids, dietary
calcium binders, the intravenous infusion of ethylene-
diaminetetraacetic acid (EDTA), and warfarin are other
modalities that have been used without success.'®

Surgical procedures subject the patient to the risk of
exacerbation and recurrence, triggering rapid progres-
sion of the disease.'” The bone removed in surgery
tends to reform more abundantly than the original bone.
Thus, elective surgery on the musculoskeletal system
should be avoided. Immobility of the neck may also
jeopardize anesthetic management in surgical emergen-
cies. The anesthesiologist should evaluate FOP patients
for possible difficult airway management. Dental treat-
ment becomes more complicated because of the re-
stricted mouth opening. Preventive dentistry, including
periodic follow-ups, oral hygiene instructions, and nu-
tritional counseling, is important. There is a clear rela-
tionship between the use of local anesthetics during
dental treatments and subsequent trismus. Conse-
quently, intramuscular anesthetics and mandibular
blocks should be avoided.'>'®*

CONCLUSIONS

The correct diagnosis of FOP is of great importance
because there is no effective prevention or treatment at
present. Clinical and radiological findings must be eval-
uated carefully in terms of symptoms. Conventional
radiographs are useful for detecting ossifications,
whereas panoramic radiography may not identify the
ossifications because of superimposition and technical
reasons. CT can clearly demonstrate the pattern of ossi-
fication and edema within or around muscles, whereas
CBCT does not detect the edema or early changes in the
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lesion. Although very rare, oral and maxillofacial radiol-
ogists should be aware of this disease.
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