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ABSTRACT

Fibrodysplasia Ossificans Progressiva (FOP) is an extremely rare genetic
condition characterized by congenital malformation and progressive
heterotopic ossification (HO) caused by a recurrent single-nucleotide
substitution at position 617 in the ACVR1 gene. As the condition progresses,
HO leads to joint ankylosis, breathing difficulties, and mouth opening
restriction. Here, we describe 2 cases of FOP confirmed by genetic testing in
patients with ankylosis with malposition, rigid thorax, and restricted mouth
opening. We examined the ossification sites in the body, thorax, and jaw in
each case using computed tomography (CT) and 3-dimensional CT (3D-CT). In
the first case, a 29-year-old woman showed marked scoliosis, multiple HO of
the joints, and jaw ankylosis due to the ossification of mandibular depressors.
In the second case, a 39-year-old man presented with jaw ankylosis due to the
ossification of mandibular depressors. These ossification findings in the body
and jaw ankylosis were only revealed by 3D-CT.

Introduction

Fibrodysplasia Ossificans Progressiva (FOP) is a severely disabling genetic
disorder of the connective tissue characterized by congenital skeletal
malformations including bilateral hallux valgus and progressive heterotopic
ossification (HO) [1-3]. Malformations of the cervical spine are often noted,
including cervical vertebrae with small bodies and large posterior elements
[3,5]. The worldwide prevalence is estimated to be about 1 in 2 million
individuals [6]. FOP is caused by a recurrent activating mutation (617G>A;
R206) in the ACVR1 /ALK2 gene [7,8]. HO usually begins in the first decade of
life and progresses throughout life [1,3,9].

HO usually occurs spontaneously or can be precipitated by a number of
factors such as trauma, biopsy of nodules, excision of heterotopic bone,
intramuscular injection, and dental therapy [1,3,9,10]. As the disease
progresses, heterotopic bone leads to joint ankylosis [11,12-16]. The most

common sites of early ossification are the neck, spine, and shoulder girdles.
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The risk of jaw involvement may be trouble-free for
young children, but the risk of ossification increases with
age [9]. Limitation in mouth opening and loss of
masticatory function may lead to malnutrition in patients
with  FOP [14-16]. In the present report, we used
computed tomography (CT) images to describe the HO
sites in the major extremities and the jaw and determine
the masticatory muscles involved in order to clarify the
cause of restricted mouth opening in patients with FOP.
The diagnosis of FOP in two individuals was confirmed
by genetic testing. The patients and their families were
informed that data concerning their cases would be
submitted for publication and they provided consent.
Case presentation

1. Patient 1

Patient 1 was a 29-year-oldwoman who was referred
to our department for diagnosis because of episodes of
swelling and almost non-painful small subcutaneous
nodules on the occipital region, posterior portion of the
neck, scapula, and lumbar regions that repeatedly
appeared and disappeared. The first manifestation was
a subcutaneous nodule on her back at 2 weeks after
birth, which subsided spontaneously after a week. She
was diagnosed as having bilateral hallux valgus,
stiffness of the neck, HO in the posterior region of the
neck, and malformation of the cervical spine, based on
radiographic findingsat the age of 2 years 6 months.

(Figure 1).

Figure 1: Patient 1 Lateral radiograph of the cervical spine
showing including the cervical vertebrae with small bodies and
large posterior elements and heterotopic ossification (HO) in the
posterior neck.
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Family history was negative for FOP and other
malformations. HO gradually progressed from the
proximal joints and the axial regions of the body. She
started to complain of restricted mouth opening at the
age of 13 years. She had been forced to remain in
standing position since she was 18 years old due to hip
ankylosis. She had been treated with predonisolone
when pain was unbearable due to new lesions, and a
nonsteroidal anti-Inflammatory drug (NSAID) Loxoprofen
sodium hydrate, one tablet were administered after
every meal to manage continuous chronic pain. At the
age of 28 years, 3-dimensional (3D) reconstructed CT
images showed that the spinal column ankylosed, with
marked unbalanced C-shaped thoracolumbar scoliosis
and pelvic obliquity (Figure 2). CT images of the thorax
revealed that the thoracic cage was asymmetric and
rigid, with almost no respiratory expansion of the thorax
(Figure 3). At that time, her vital capacity percentage
(%FV) was 48.1% and percentage of forced expiratory
volume for 1 second (FEV1%) was 99%. The interincisal
distance of mouth opening was only 5mm after shaving
the central incisors. 3D-CT images of the temporal area
and the face showed ossified bridging between the
mentum of the mandible and the hyoid bone, formed in
the region of the geniohyoid, mylohyoid, and the
anterior belly of the digastric muscles, which act as
mandibular depressors that open the mouth (Figure 4).
There was no HO in the masticatory muscles (CT number
approximately in the range of 36 to 62 Hounsfield units
[: HU] with 3-mm slice thickness).

2. Patient 2

Patient 2 was a 39-year-old man who was noted to
have torticollisat the age of 3 months. At the age of 3
years, he felt a limitation in mouth opening after he had
accidentally bumped his mouth against the corner of a
table and lost two central incisors. He was diagnosed
with FOP at the age of 5 years. Family history was
negative for FOP and other malformations. At that time,
the distance between the upper gingiva and the lower
incisors was 13 mm. Ossification gradually progressed,
the spinal column ankylosed, the mobility of both
shoulders became more limited at the age of 17 years.

His jow movement gradually became restricted, with the
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interincisal distance being reduced about 2mm. Then the
incisors and canine teeth decayed, and they were

extracted by himself at the age of 20 years.
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divided doses taken in the morning and evening for
continuous pain. The 3D-CT images of the hips showed at
the age of 38, remarkable ossification of the abductor
muscles, hamstrings, quadriceps and ligaments around
the pelvis to hip and knee on the right side, and
ossification of the articular capsules, ligaments and
muscles on the left side (Figure 5B). The 3D-CT images of
the jaw revealed an almost ankylosed jaw bridged from
the mentum of the mandible to the hyoid bone, which
was more remarkable than that of Patient 1, on the
region of the geniohyoid, mylohyoid, and anterior belly
of the digastric muscles, which act as mandibular
depressors (Figure 6). There were no findings of HO in
the masticatory muscles (CT number, average 39 to 72

HU, with 3-mm slice thickness).

Figure 2: Patient 1 Three-Dimensional computed tomography (3D-
CT) images of the body showing ankylosis of the major joints, with
malpositioning, marked scoliosis, and extensive heterotopic
ossification (arrows).

Figure 3

Figure 3: Patient 1 Computed Tomography (CT) images of the
thorax revealing asymmetric deformity and rigidity of the thoracic
cane. There was almast na resniratarv exnancion of the tharax

Figure 4: Patient 1 Three-Dimensional Computed Tomography
(3D-CT) images of the jaw at 28 the age of years showing
Heterotopic Ossification (HO) of the bridge from the mentum to
the hyoid bone (arrow 1) in the region of mandibular depressors
(arrow 2) and initialstage of HO in the posterior neck (arrow 3).

He got a job in a personal computer office at the age of
20 and he could not sit in a chair and had to remain in
standing position due to hip ankylosis at the age of 25
year. He was forced to retire from the company cause
by the head injury as the result of the fall at the age of
36. At the age of 38 years, he had marked forward
flexed spinal column, with marked respiratory deficit
(%VC, 50. 3%; FEV1%, 82%). He could walk with a
quadcane in the house (Figure 5A). His left shoulder and
elbow movements were intact, and he could use his left
hand to take soft food through the small inter gingival
space (3 mm). Etodolac (NSAID) 100mg, 4 tablets in two

Discussion

FOP is a severely disabling heritable disorder of
connective  tissue  characterized by  congenital
malformation of the great toes, including hallux valgus
and cervical spine, and progressive heterotopic
ossification (HO) that forms qualitative normal bone in
characteristic extra skeletal site (Figure 2). The
diaphragm, tongue, extra-ocular muscle, cardiac muscle,
smooth muscle and the skin are spared from HO in FOP

[3,15]. HO proceed in a direction that is axial to
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Figure 5: Patient 2 The photograph showing marked forward flexed spinal column with rigid thorax and walking with a quadcane in the house at
the age of 38 years (A). Three-Dimensional Computed Tomography (3D-CT) images of the hips at age 38 years showing HO of the abductor
muscles, hamstrings, quadriceps, and ligaments on the right hip and HO of the capsules, muscles, ligaments on the left hip (B).

appendicular, cranial to caudal, and proximal to distal;
this pattern appear typical for FOP [3,9]. HO in
reported cases was most marked before puberty, but
new lumps were still occurring in the sixth and seventh
decades of life [3]. In the study of Cohen et al [9], the
average age of onset of HO was 5 years and affected
the neck, spine, and shoulder. The hips and elbows
became involved at the age of 13 years (mean). Most
patients with FOP will have restriction in mouth opening
by the age of 18 years [?]. Jaw changes progress to
ankylosis through extra-articular ossification. In Patient
2, the patient had early onset of restricted mouth
opening at the age of 3 years old, which was thought to
be triggered by the trauma to his mouth. In Patient 1,
her restricted mouth opening started at the age of 13
years, and almost major joint, the hips and jaw
ankylosed by the age of 18 years. In Patient 2, the hips
had ankylosed at the age of 25 years. The patients of
the jaw in Patient 1 and 2, became ankylosed due to
the conspicuous ossification of the mandibular
depressors, as can be seen only in the 3D-CT images. To
our knowledge, such ankylosis of the jaw as a result of
FOP was perhaps the first described by us.

In Roberts et al [16]. Reporton dental manifestation of
FOP in 5 patients, a woman showed chin-on-chest

deformity [4] and jaw ankylosis and died at the age of

52 years, during which her joints were immobile, except
the fingertips, and during her terminal stages, her 2
incisors were removed to facilitate nutrition through a
straw. The other patient, a 44-year-old bedridden
woman, showed severely restricted mouth opening and
had multiple carious teeth; her upper and lower teeth
were removed to prevent sepsis. In a case reported by
Herford and Boyne [17], a 24-year-old man, confined
to a wheelchair, with temporomandibular (TMJ) ankylosis
underwent coronoid gap arthroplasty because of
rampant tooth decay and abscess; his intraoperative
maximal incisal opening was 40 mm, but it decreased to

15 mm a year postoperatively.

: Al AT\ W
Figure 6: Patient 2 Three-Dimensional Computed Tomography (3D-
CT) images of the lateral aspect of the head and face at the age
of 38 years showing ankylosis of the jaw ossified bridge between
the mentum and hyoid bone (arrow 1) in the region of the

mandibular depressors (arrow 2), and initial stage of ossification of
the posterior neck (arrow 3).
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Progressive spinal deformity is common in patients who
have FOP; 26 (65%) of 40 of patients with FOP had
scoliosis, and of these, 88% were unbalanced C-shaped
curves. Severe scoliosis can lead to severe pelvic
obliquity, impair trunk balance And these ossification
was thought to be the primary cause of restrictive
disease in the chest wall regardless of whether or not
the patient had scoliosis [14]. Most patients are confined
to a chair or to a bed because of joint restriction by the
age of 30 years [1-3]. There are no definitive medical
treatments to halt the progression of bone formation
[3,15]. Surgery is always contraindicated because it
triggers further ossification [1,18]. However, recently,
surgical excision of heterotopic bone with single-fraction
irradiation and indometacin has been described by
Benetos et al [5]. Currently, preventative management is
based on prophylactic measures against falls, risk of
injury, respiratory diseases, especially pneumonia, viral
infections, and malnutrition and oral hygiene due to
limitation of mouth opening [13,15,18,19] Mobility
restriction from joint ankylosis severely impairs balancing
mechanisms, causing instability, resulting in the
subsequent fall [19]. Symptomatic treatment is given for
flare-ups, which mean acute inflammatory symptoms with
severe pain and precede HO, and oral steroids, NSAIDs
and COX-2 inhibitors are usually administered [15,18].
In the optimal rehabilitation plan in patients with FOP
often involves medical doctors, occupational and
physical therapists dentists, wheelchair vendors, and
psychologists can help in giving the patients and their
families comfort and practical advice [20].
Conclusions and Comments

As the disease progresses, HO leads to ankylosis of the
major joints, with the decreased expansion of the chest
wall, spinal deformity, and limitation of mouth opening.
Preventative management is based on prophylactic
measures against falls, risk of injury, respiratory
diseases, especially pneumonia, viral infections, and
malnutrition and oral hygiene due to limitation in mouth
opening. CT or 3D-CT images are very helpful to
examine detail HO of the muscles and ligaments cause

of ankylosis of the major joints and jaw in patients with

LITERATURE

FOP. HO by the mandibular depressors in the jaw as a
result of FOP was only revealed by 3D-CT and perhaps
the first cases described by us.
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