
The Facial Phenotype of Fibrodysplasia
Ossificans Progressiva 

Minor physical features of a genetic condition
can provide powerful and important clues to the
underlying pathways responsible for the condition.
Anyone who has ever attended a fibrodysplasia ossi-
ficans progressiva (FOP) event knows that there are
remarkable facial similarities between unrelated
individuals who have FOP. To date, there have been
no studies on the facial features or craniofacial phe-
notype of FOP. However, anecdotal observations
have been made by physicians and patients regard-
ing the similarities of facial features in adults with
FOP. The most prominent anecdotal facial feature

noted in many patients with FOP is mandibular
hypoplasia associated with a maxillary overbite,
which seems to be present by the second decade of
life regardless of whether or not there is ankylosis of
the temporomandibular joint (TMJ).

Congenital Malformations 
and Degenerative Changes 
in the Craniofacial Skeleton in FOP

Although much clinical attention in FOP centers
on malformations of the great toes and on progres-
sive heterotopic ossification of the trunk and limbs,
FOP also affects the postnatal development of the
craniofacial structures, resulting in morphological
changes in the head, neck, and face (1–3). In 1982,
Renton et al. described an unusual appearance of the
mandibular condyles in patients with FOP and noted
the presence of broad, flat, malformed mandibular
condyles in association with posterior osteophytes
(4). A case report by Chichareon et al. described an
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associated osteochondroma of the coronoid process
of the mandible in a patient who had FOP (5).
Interestingly, many patients with FOP have abnor-
malities in mastication even before the onset of het-
erotopic bone formation that affects the jaw (4). 

The Cranio-Cervical Skeleton in FOP
Abnormalities of the cervical spine, first

described by Connor and Smith in 1982 (6), are
well-noted in patients who have FOP. A more recent
and comprehensive survey on the cervical spine in
patients with FOP showed posterior fusion of the
cervical vertebrae between C2 and C7 in a pattern
that was remarkably similar to the cervical spine of
mice who had homozygous deletions of the gene
encoding Noggin, a secreted bone morphogenetic
protein (BMP) antagonist (7). 

One of the earliest and most overlooked clinical
manifestations of FOP is evanescent soft-tissue
swelling of the scalp, often mistaken for a cephalo-
hematoma and commonly present in the first month
of life. Where available for review, magnetic reso-
nance imaging studies clearly indicate that the
swelling is not a hematoma at all, but rather a large
soft-tissue lesion involving the galea aponeurotica.
The swelling appears suddenly, may wax and wane
rapidly, and often leaves behind sheets of new bone
in the area of the galea. This heterotopic bone may
fuse with bone of the underlying skull and may be
incorporated into the growth of the skull. There have
been no reported cases of galeal involvement leading
to craniosynostoses in patients who have FOP. 

Additional involvement of the aponeuroses, fas-
cia, and soft-tissue structures of the craniofacial
region include flare-ups of the nuchal ligament and
the cervical fascia. These soft tissues may ossify in
early childhood and may lead to severe limitation in
neck movement (1–3). In addition to malformations
of the TMJs and facet joints of the cervical spine,
malformations have also been noted in the ossicles
of the ear with secondary hearing abnormalities
noted in many FOP patients (8) (Table 1). 

FOP Flare-Ups Involving the Muscles
of the Craniofacial Region

FOP flare-ups commonly involve muscles of the
craniofacial region. FOP flare-ups of the sternoclei-

domastoid muscles can often be mistaken for mumps
or cervical adenopathy. The combination of congen-
ital malformations of the cervical vertebra along
with the FOP flare-ups involving the cervical fascia,
nuchal ligaments, and sternocleidomastoid muscles
frequently lead to permanent ankylosis the neck
(1–3) (see Table 1).

Among the most feared lesions in FOP are those
that involve the muscles of mastication. In a world-
wide survey of the FOP community, 24% of patients
had an immediate FOP flare-up with subsequent
ankylosis of the jaw following a mandibular block
for dental work. Such procedures involve the injec-
tion of a local anesthetic into the ptyrygoid muscle in
order to block the mandibular branch of the trigeminal
nerve (9). 

FOP flare-ups in the submandibular region are
also quite common and involve the myohyoid and
omohyoid muscles. Submandibular swelling in
patients with FOP can be a medical emergency and

Table 1 
Factors Contributing to Craniofacial Involvement in

Fibrodysplasia Ossifications Progressiva

Disease flare-ups  
Congenital and heterotopic 

Structures malformations ossification

Bones
Temporal +
Mandible +
Ossicles of ear +
Cervical vertebra +

Joints
Facet joints (C-spine) +
Temporomandibular +

Muscles
Temporalis +
Frontalis +
Masseter +
Buccinator +
Ptyrygoids +
Myohyoid +
Omohyoid +
Sternocleidomastoid +

Aponeuroses/Fascia/Ligaments
Galea aponeurotica +
Nuchal ligament +
Cervical fascia +
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requires intensive precautionary measures to avoid
catastrophic clinical deterioration. These measures
include avoidance of lesional manipulation, airway
monitoring, aspiration precautions, and glucocorti-
coid therapy. Submandibular swelling with subse-
quent heterotopic ossification is a recognized and
variable feature of FOP and can contribute to the
facial phenotype (10). 

Mandibular Development in FOP
In addition to congenital malformations, sec-

ondary degenerative changes, and disease-related
flare-ups of the craniofacial region, patients with
FOP have disturbances in the growth of the mandible
(4). Regardless of whether or not the TMJ has anky-
losed or whether there has been involvement of the
submandibular region, many patients with FOP
develop mandibular hypoplasia and a maxillary
overbite by the time of skeletal maturity. The profiles
of many young adults with FOP clearly demonstrate
the disproportionate growth between the maxilla and
the mandible. 

BMPs and Mandibular Development
Recent studies have shown that the BMP4 signal-

ing pathway, a dysregulated pathway in the cells of
patients with FOP, plays an essential role in the
growth of the mandible, skull, and in the formation
of the inner ear (11–15). In an animal model of
mandibular hypoplasia, elevated BMP4 activity
downregulated the expression of fibroblast growth
factor (FGF)-8, an important survival factor for cells
populating the mandibular bud leading to decreased
cell survival during mandibular outgrowth (15).
Likewise, embryos lacking BMP antagonists (and
thus having increased BMP4 activity) exhibited
strong reduction in FGF-8 expression in the pharyn-
geal ectoderm and increased cell death in the
mandibular bud. 

BMP4 also promotes chondrocyte proliferation
and hypertrophy in the endochondral cranial base
and BMP4 gene expression is an important factor at
the putative site of fusion in the midfacial region
(13). In addition, BMP4 antagonists disrupt the
development of the inner ear and may play a role in
the development of the ossicles of the ear (12). Thus,
in addition to its effects on mandibular growth and

development, the BMP4 signaling pathway may
have other wide-ranging effects on the prenatal and
postnatal development of the craniofacial skeleton.
Whether or not these morphological changes are rel-
evant to the mandibular abnormalities seen in
patients with FOP is unknown. However, the BMP4-
and FGF-8-signaling pathways and their role in
mandibular growth and development warrant further
attention in the context of FOP.

Discussion
Widespread anecdotal evidence within the FOP

community suggests the presence of a prominent
facial phenotype in many adults with FOP. This phe-
notype is characterized most notably by mandibular
hypoplasia and a maxillary overbite. Other subtle
facial features of FOP that are directly related 
to prenatal and postnatal involvement of the 
craniofacial skeleton and soft tissue structures may
also contribute to the phenotypic similarity in facial
morphology noted in patients with FOP (see Table 1).
However, knowledge can fundamentally bias what
one sees, and a rigorous anthropometric and 
photogrammetric approach to craniofacial features
of FOP would be extremely useful in further 
characterizing craniofacial phenotype of the condition.
Craniofacial anthropometry and three-dimensional
analysis of facial morphometry has proven useful 
in quantifying and analyzing craniofacial pheno-
types that exist in myriad craniofacial disorders
(16–18). Such an analysis is planned for future FOP
gatherings and symposia.

In summary, there is strong anecdotal evidence of
a facial phenotype of FOP characterized by
mandibular hypoplasia, and a maxillary overbite,
and possibly including other more subtle features
involving a wide range of aponeuroses, fasciae, 
muscles, bones, joints, and growth plates of the 
craniofacial region (see Table 1). Many of these
noted abnormalities are secondary to FOP flare-ups
involving the craniofacial structures and some may
result from growth disturbances involving the bones
of the head and face. Dysregulation of the BMP4-
signaling pathway occurs in cells from patients
with FOP, and the BMP4-signaling pathway and
developmental pathways interacting with the
BMP4-signaling pathway likely play important
roles in the emergent craniofacial phenotype of FOP.
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