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a  b  s  t  r  a  c  t

Fibroblastic  and  myofibroblastic  tumors  of  the  head  and  neck  are  a heterogeneous  group  of  disorders
characterized  by  the  proliferation  of fibroblasts,  myofibroblasts,  or  both.  These  tumors  may  be  further
subclassified  on  the  basis  of their  behavior  as benign,  intermediate  with  malignant  potential,  or  malig-
nant.  There  are different  types  of fibroblastic  and  myofibroblastic  tumors  that  can  involve  the  head
and  neck  including  desmoid-type  fibromatosis,  solitary  fibrous  tumor,  myofibroma/myofibromatosis,
nodular  fasciitis,  nasopharyngeal  angiofibroma,  fibrosarcoma,  dermatofibrosarcoma  protuberans,  fibro-
matosis  coli,  inflammatory  myofibroblastic  tumor,  ossifying  fibroma,  fibrous  histiocytoma,  nodular
fasciitis,  fibromyxoma,  hyaline  fibromatosis  and  fibrous  hamartoma.  Although  the  imaging  character-
T scan
RI

enign
alignant

istics  of  fibroblastic  and  myofibroblastic  tumors  of the head  and neck  are  nonspecific,  imaging  plays  a
pivotal  role  in  the noninvasive  diagnosis  and  characterization  of these  tumors,  providing  information
about  the  constitution  of  tumors,  their  extension  and  invasion  of  adjacent  structures.  Correlation  with
the  clinical  history  may  help  limit  the  differential  diagnosis  and  radiologists  should  be  familiar  with  the
imaging  appearance  of  these  tumors  to reach  an  accurate  diagnosis.

©  2014 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Various types of fibroblastic and myofibroblastic tumors can
ffect the head and neck area. They are rare and mostly benign,
onstituting less than 1% of all body tumors.

Almost all soft tissue tumors of the head and neck are evaluated
ith non-invasive imaging technique before surgery or biopsy, in

rder to evaluate the tumor location, extension, local invasion and
elationship with the major neck vessels and airways for treatment

lanning.

Contrast-enhanced computed tomography (CT) is often the
rst diagnostic imaging examination performed in patients with
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evident or suspected head and neck mass. Certain distinguishing
characteristics on CT may  be suggestive of a specific diagnosis, such
as the well-defined margins of the lesion, degree of attenuation,
involvement of the bony skeleton, and the degree and pattern of
vascularity after intravenous contrast material administration.

Magnetic resonance (MR) imaging on the other hand has supe-
rior soft tissue contrast resolution when compared to CT. Therefore,
MR imaging is recommended in all patients when evaluating soft
tissue tumors of the head and neck, allowing accurate charac-
terization of the internal architecture and extent of tumors. MR
examinations should be performed using a head or neck coil, and
the standard acquisition sequences should include a T2-weighted
fast spin-echo (SE) in axial and coronal planes, an axial or coronal
fat-suppressed T2-weighted or short inversion time inversion-
recovery (STIR), a T1-weighted standard SE or fast SE in three
planes, and fat-saturated T1-weighted with and without gadolin-
ium in three planes.
This review article addresses the different subtype of fibrob-
lastic/myofibroblastic tumors that can involve the head and
neck, which are divided based on their biologic behavior into
benign (fibromatosis coli, myofibroma, juvenile nasopharyngeal
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ngiofibroma, nodular fasciitis, fibrous histiocytoma, fibromyx-
ma, hyaline fibromatosis, fibrous hamartoma), intermediate
desmoid tumor, solitary fibrous tumor, ossifying fibroma, inflam-

atory myofibroblastic tumor) and malignant tumors (fibrosar-
oma and dermatofibrosarcoma protuberans).

We  describe the clinical presentation, imaging characteristics
Table 1) and pathological findings as well as the differential diag-
osis and treatment of each tumor.

. Benign tumors

.1. Fibromatosis coli (sternocleidomastoid tumor)

It is a benign fibrocollagenous infiltration of the sternocleido-
astoid muscle that occurs in neonates. Fibromatosis coli usually

resents clinically with torticollis and a palpable mass in the mid-
le and inferior third of sternocleidomastoid muscle [1]. It is usually
nilateral, involving the right aspect of the neck in 75% of the cases
2], and thought to be secondary to birth trauma.

Ultrasound is the initial examination of choice. It shows either
usiform focal hyperechoic mass or diffuse enlargement of the
ower two-third of the sternocleidomastoid muscle containing a

ass of variable/mixed echogenecity, related to the age of the
esion (Fig. 1a) [3]. It is surrounded by hypoechoic rim represent-
ng the residual normal peripheral muscle. CT scan demonstrates
sodense fusiform focal or diffuse enlargement of the sternocleido-

astoid muscle with unremarkable surrounding soft tissue planes
Fig. 1b); calcifications are rare. MRI  is helpful in demonstrating
he absence of lymphadenopathy and involvement of surround-
ng tissues. The signal characteristics on MR  are variable; typically
sointense to muscle on spin-echo T1-weighted imaging (WI), high
ignal on gradient-recalled T1WI and slightly high signal on T2WI
urrounded by hypointense rim representing preserved muscle [1].

The microscopic appearance varies depending on the time at
hich it is examined. Rarely, biopsy is required for diagnosis and
emonstrates aggregates of uniform plump cells embedded in a
yxoid to collagenous background. Multinucleated skeletal muscle

ells may  be admixed. Surgical specimens obtained from a minor-
ty of patients at the time of tenotomy for persistent torticollis
sually demonstrate less cellular, collagen rich tissue resembling

 scar or conventional fibromatosis. The lesion is composed of uni-
orm plump fibroblastic and myofibroblastic cells in a collagenous
ackground. Infiltration and entrapment of skeletal myocytes is
vident.

Initial treatment is conservative based on muscle stretching and
hysical therapy. Two-third of the cases resolve spontaneously.
urgery is reserved for resistant cases.

.2. Myofibroma (localized) and myofibromatosis (generalized)

Congenital myofibromatosis is the most common fibrous tumor
f infancy, affecting children younger than 2 years. It is character-
zed by solitary (congenital localized myofibromatosis) or multiple
esions of myofibroblastic origin (infantile myofibromatosis, gen-
ralized form), involving the soft tissues and bone, frequently seen
n the head and neck area. Clinically, they present as single or

ultiple, hard, reddish-purple nodules in the skin, muscles, bones,
iscera and central nervous system. The solitary form (localized
bromatosis) is the most common presentation, seen mainly in the
oft tissues of the head and neck (Fig. 2a–c), and rarely affects the
NS and viscera [4]. The generalized form of congenital fibromato-

is is rare, it presents as multiple tumors of the skin, bone and soft
issues. Infantile fibromatosis should be included in the differential
iagnosis of multiple bony, soft tissue and CNS lesions in a child,
long with Langerhans cell histiocytosis, multiple metastases from
f Radiology 84 (2015) 250–260 251

neuroblastoma or sarcomas. Definitive diagnosis is made by means
of biopsy.

The plain films show multiple lytic lesions with occasionally
sclerotic margins [5]. On ultrasound, myofibromas present as a
hyperechoic mass with anechoic or hypoechoic center traversed
by thick septa and surrounded by a thick hypoechoic rim with rare
flow on power Doppler [5]. On CT scan, the mass is iso-, hypo- or
hyperdense compared to the adjacent muscle, and rarely contains
necrosis or calcifications. It exhibits enhancement and causes bone
erosion (Fig. 2d) [5]. On MRI, the lesion appears hypointense on
T1WI. On T2WI, the center is either hypointense or hyperintense
(Fig. 2e). After contrast administration, the enhancement is usually
strong and peripheral, with a “target” appearance, and occasionally
homogenous.

CNS myofibromas are unusual, they arise from muscles in prox-
imity of the CNS, invade the dura with secondary involvement of the
intracranial structures; intra-axial lesions are exceptional [4,6,7].

A skeletal survey or a total body MRI  is recommended to screen
for bone and visceral involvement.

The growth is nodular or multinodular with a zoned appear-
ance. The periphery is usually composed of plump myofibroblasts
arranged in short fascicles or whorls. These cells are spindled
with pale pink cytoplasm and tapering nuclei. The stroma is often
hyalanized or pseudochondroid. The center of the nodules is com-
posed of less well differentiated round, polygonal or spindle cells
with slightly larger hyperchromatic nuclei and scant cytoplasm
arranged around thin walled irregularly branching blood vessels.
In some cases the zoning pattern is reversed. Cytologic atypia is
absent. Mitoses are rare. The cells are positive for vimentin while
the myofibroblastic component is positive for pan actin [5].

Solitary lesions are amenable to conservative surgical resection.
In the generalized form, the lesions often regress sponta-
neously over 6–18 months. In multicentric life-threatening forms,
chemotherapy with vinblastine and methotrexate promotes tumor
regression.

2.3. Juvenile nasopharyngeal angiofibroma

This is a hypervascular tumor classically confined to the ado-
lescent male [8]. Juvenile angiofibroma does not arise primarily
from the nasopharynx, but rather originates at the sphenopalatine
foramen and extends into the nasal cavity, nasopharynx, pterygo-
palatine fossa, infratemporal fossa, and the orbit [9]. Intracranial
extension is usually extradural, and spread is seen through the
roof of the infratemporal fossa, the superior orbital fissure or the
sphenoid sinus.

Bone changes are best shown by CT which demonstrates widen-
ing of the sphenopalatine foramen, bone remodeling or destruction
and anterior displacement of the posterior wall of the maxil-
lary sinus, known as Holman-Miller sign (Fig. 3a and e) [10]. CT
shows soft tissue mass originating at the sphenopalatine foramen
with multiple surrounding extensions. On MRI, the mass is usually
heterogeneous of intermediate signal intensity on T1WI and inter-
mediate to high signal intensity on T2WI. It may contain punctuate
and serpentine flow voids seen on T2WI, showing “salt and pepper”
appearance (Fig. 3e). It shows significant enhancement (Fig. 3b and
d), speaking for its hypervascular nature. Cystic changes although
rarely seen, are considered a sign of tumor regression (Fig. 3c) [10].

The mass may  sometimes arise in an extra-nasopharyngeal loca-
tion, which occurs more frequently in older women, with the most
common site being the maxillary sinus [11].

Pathologically, there is a vascular proliferation set in a fibrous

stroma. The vessels are thin-walled, slit like (staghorn) or dilated;
ranging in size from capillary to large patulous vessels. The fibrous
stroma consists of plump spindle, round, angular or stellate cells
in a collagenous or myxoid stroma. There is no cytologic atypia.
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Table  1
Imaging features of fibroblastic/myofibroblastic tumors of the head and neck.

Type CT characteristica MR characteristicsa Enhancement

Benign tumors
Fibromatosis coli Isodense fusiform focal or diffuse

sternocleidomastoid muscle
enlargement

T1: isointense on SET1, hyperintense
on GET1
T2: slightly hyperintense

Myofi-
broma/myofibromatosis

Variable density
Occasional calcification and necrosis
Bone erosion

T1: hypointense
T2: hypo- or hyperintense

Strong peripheral
Target-like

Juvenile
nasopharyngeal
angiofibroma

Bone remodeling or destruction T1: heterogeneous intermediate signal
T2: intermediate to high signal,
contains flow void (“salt and pepper”
appearance)

Strong (cystic changes rare)

Nodular fasciitis Subcutaneous: well-circumscribed,
fluid density
Intramuscular: ill-defined, hypodense

Subcutaneous: heterogeneous hypo- or
hypersignal on T1
Intramuscular: hypersignal on T1 and
T2

Strong

Fibrous histiocytoma Well-defined mass
Homogeneous density
May  contain calcifications.
Bone remodeling

T1: intermediate signal
T2: intermediate signal and may  have
hypo T2 signal

Moderate-to-strong

Fibromyxoma Hypodense, well-defined
Thin strands of calcifications

T1: hypointense
T2: hyperintense with hypointense
fibrous septa

Strong

Hyaline fibromatosis Lytic bone lesion T1: hyposignal
T2: hypersignal

Strong

Fibrous hamartoma T1 and T2: hyposignal fibrous strands
interspersed with high signal of fat
component

Intermediate tumors
Desmoid tumor Poorly circumscribed

Infiltrates surrounding tissues
Bone erosion and scalloping

T1: variable signal
T2: predominantly high signal with
linear/curvilinear low signal strands

Strong peripheral or diffuse

Solitary fibrous
tumor

Sharply defined encapsulated mass
Isodense to muscle
Occasional calcification and necrosis
Bone remodeling

T1: hypo- to isointense signal
T2: heterogeneous signal: hypo- and
hyperintense

Strong homogenous or
heterogenous

Ossifying fibroma Lucent area: early stage “ground glass”
appearance
Areas of ossification: late stage

T1: iso- and hypointense
T2: hypointense

Strong heterogeneous

Inflammatory
myofibroblastic
tumor

Slightly hypodense
Stranding of adjacent fat
Bone remodeling/erosion

T1: isointense
T2: Variable signal with mainly
hypointense

Marked

Malignant tumors
Fibrosarcoma Poorly marginated

Isodense
Bone remodeling and erosion

T1: hypo to intermediate signal
T2: hypo to intermediate signal

Mild to moderate

Dermatofibrosar-
coma
protuberans

Usually superficial
Iso- to hypodense

T1: iso- to hypointense
T2: iso- to hyperintense

Moderate with central necrosis

a Density and signal intensity is relative to muscle.
T1 = T1-weighted image, T2 = T2-weighted image, SE = spin-echo, GE = gradient-echo.

Fig. 1. (a) Sagittal ultrasound image and (b) axial contrast-enhanced CT of the neck in a 4-week-old newborn girl with fibromatosis coli show an isoattenuating (asterisks in
b)  and fusiform heterogeneous diffuse enlargement of the left sternocleidomastoid muscle (open arrows in a), a typical appearance of fibromatosis coli.
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Fig. 2. Images of localized myofibroma and infantile myofibromatosis in 2 different patients. (a–c) Axial contrast-enhanced CT (a), Sagittal T2WI (b) and coronal contrast-
enhanced T1WI (c) of the neck in a 2-year-old girl with localized myofibroma show retropharyngeal tumor extending to the right aspect of the neck demonstrating mixed
solid  and cystic components. The solid component has low T2 signal intensity (asterisk) and enhances strongly after gadolinium administration. (d–f)  Axial contrast-enhanced
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T  (d), T2WI (e) and reconstructed ADC map  of diffusion WI  (f) of the brain in a 2-m
one  lesion, causing erosion of the inner and outer cortical bone and two intra-axia
orresponding apparent diffusion coefficient (ADC) map  (arrows). The same patien

ast cells may  be present but other inflammatory cells are not usu-
lly seen. The stromal and endothelial cells are variably reactive for
ndrogens and estrogen/progesterone receptors.

Complete surgical resection using pre-operative embolization
s the preferred treatment. In the setting of intracranial extension,
urgery with radiotherapy is suggested [10].

.4. Nodular fasciitis (pseudotumor of the skin)

This is a benign reactive self-limiting fibroproliferative disorder
een mainly in the trunk and extremities of adults; involvement
f the head and neck is the second most common site and more
ommon in children. It presents as a tender, rapidly growing sub-
utaneous nodule in the face, eyelid and orbit. These lesions are
arely imaged because of their subcutaneous location.

On CT, the subcutaneous nodules are well-circumscribed homo-
eneous masses with fluid density (Fig. 4). Intramuscular lesions
re hypodense and may  be ill defined. On MRI, the subcutaneous
odules are heterogeneous hypointense or hyperintense to muscle

n all sequences and show strong enhancement [12]. Intramuscular
esions are hyperintense to muscle on T1WI and T2WI.

Histologically, it is a reactive proliferation characterized by a
onation effect. The center is hypocellular with a more cellular
eriphery. Spindly cells populate the loose myxoid areas. Most cells

re bipolar spindle cells with long cytoplasmic processes while oth-
rs are stellate in shape. The cells may  appear worrisome with their
ften active, enlarged, vesicular nuclei with prominent nucleoli. In
ontrast to malignant proliferations, the cells are uniform with no
 old male infant with congenital myofibromatosis reveal a right frontal enhancing
 enhancing frontal tumors. It shows low T2 signal intensity and restriction on the
ultiple bony and chest lesions (not shown).

pleomorphism. An inflammatory component of lymphocytes and
histiocytes is often present including histiocytic giant cells. Mitotic
figures may  be numerous. SMA  and CD68 are positive in the spindle
and histiocytic components respectively.

Local excision is the treatment of choice.

2.5. Fibrous histiocytoma

Benign fibrous histiocytoma or dermatofibroma is a rare mes-
enchymal tumor of the head and neck, although it represents the
most common mesenchymal tumor of the orbit [12,13]. Malignant
fibrous histiocytoma is the most frequent soft-tissue sarcoma of the
trunk. Diagnosis is made by histologic examination.

On CT, fibrous histiocytoma is a well-defined mass within a
muscle or along fascia, has homogeneous density that may  contain
foci of hemorrhage or calcification, and shows moderate to signifi-
cant enhancement (Fig. 5). Benign lesions cause bone remodeling,
whereas malignant lesions cause bone erosion and destruction. On
MRI, the tumor has intermediate signal intensity on all sequences,
it may  have low signal intensity on T2WI when it is densely cellular
and may  enhance heterogeneously.

The differential diagnosis of orbital fibrous histiocytoma
includes hemangiopericytoma, schwannoma, neurofibroma,
aggressive fibromatosis, cavernous hemangioma, lymphoma and

metastases.

There is a subtype tumor called plexiform fibrous histiocytoma,
representing a slow-growing superficial subtype with low malig-
nant potential.
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Fig. 3. Images of nasopharyngeal angiofibroma in 2 different patients. (a, b, c) Axial CT (bone window) (a), contrast-enhanced T1WI (b) and T2WI (c) of the brain in a
20-year-old man  presented with headache and severe epistaxis show a mixed solid and cystic tumor arising from the nasopharynx, invading the sphenoid sinus and ethmoid
air  cells, with bone destruction seen on CT scan. Note multiple cystic components within the tumor (asterisks). (d, e) Coronal contrast-enhanced CT (d) and axial T2WI (e) in
a  15-year-old boy with juvenile angiofibroma presented with right cheek swelling and epistaxis show a large solid heterogeneously enhancing tumor arising from the right
pterygopalatine fossa, extending to the right masticator space, nasopharynx, right maxillary sinus and nasal cavity. It demonstrates mixed areas of hyper- and isointense T2
signal.  There are multiple small foci of flow void within the tumor (arrowheads) representing vessels. It is causing bone erosion of the skull base and sphenoid bone, with
soft  tissue component extending into the right middle cranial fossa.

Fig. 4. Axial contrast-enhanced CT of the orbits in a 16-year-old girl with nodular
fasciitis shows a well-defined enhancing lesion in the right inner canthus (open
arrow), with no adjacent bone erosion.

Fig. 5. Axial contrast-enhanced CT of the neck in a 42-year-old woman with fibrous
histiocytoma shows a well-defined enhancing lesion in the left submental space,
with no evidence of bone erosion.
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The proliferating spindle cells grow between thickened colla-
en bundles (collagen entrapment). The cells consist of dermal
endrocytes, fibroblasts and histiocytes in varying proportions.
here is no cytologic atypia. Mitotic figures are rare. In contrast
o dermatofibrosarcoma protuberans, CD34 is negative. Malignant
brous histicytoma consists of fibroblasts, histiocytes, giant cells
nd xanthoma cells.

.6. Fibromyxoma

It is a rare benign or low-grade soft-tissue tumor, related to
bro-osseous lesions and involves the paranasal sinuses. It presents
s expansile hypodense soft-tissue mass containing thin strands
f calcifications and shows strong enhancement after contrast
dministration. The presence of focal areas of bone destruction is
ossible. MRI  shows an oval well-delineated lesion, showing high
ignal intensity on T2WI, low signal intensity on T1WI, and strong
nhancement after gadolinium administration. The lesion contains
ypointense fibrous septa.

Histologically, fibromyxomas are unencapsulated, well-
emarcated masses, the consistency of which varies from firm to
elatinous depending on the amount of collagen/myxoid stroma
resent. They are hypocellular lesions composed of slender spindle
nd stellate cells with inconspicuous cytoplasm. They have a
oorly developed vascular network with only occasional thin
alled capillary type vessels within the stroma. The tumor cells

re positive for vimentin and laminin.
The treatment of choice consists of complete surgical resection.

.7. Hyaline fibromatosis

Hyaline fibromatosis a rare disorder characterized by an abun-
ance of hyalinized fibrous tissue in the skin, bones and internal
rgans. Radiologic evaluation addresses the bone lesions and
eveals lytic lesions of skull, long bones and phalanges. On MRI,
hey appear as large lesions showing low signal intensity on T1, high
ignal intensity on T2 and intense enhancement after gadolinium
dministration [14]. There is typically no infiltration of adjacent
tructures or joint fluid. Histopathological examination of the nod-
les reveals an abundance of amorphous hyaline material positive
n Periodic Acid-Schiff (PAS). Therapy is symptomatic treatment
f joint contracture and sometimes orthopedic surgery for bone
esions [15].

.8. Fibrous hamartoma

Fibrous hamartoma of infancy (FHI) is a rare hamartoma of mes-
nchymal origin, located in the subcutaneous soft tissue [15]. It
an exhibit infiltrative growth but has a completely benign nature
16,17]. The most common locations are around the maxilla, upper
rm, and upper trunk [15]. MR  appearance reflects the different
omponents; the fibrous bands appear as areas of low signal inten-
ity, while the fatty component shows high signal intensity on both
1WI and T2WI [16]. Therefore, MR  findings in fibrous hamartoma
re characteristic with organized strands of low signal intensity
issue interspersed with high signal of the fat.

. Intermediate tumors

.1. Desmoid-type fibromatosis (desmoid tumor)
Also known as desmoplastic fibroma, infantile fibromatosis [15]
nd aggressive fibromatosis; desmoid tumor is a benign prolif-
ration of fibrous tissue with the histology and clinical behavior
imicking malignancy. It presents as firm, usually painless and
f Radiology 84 (2015) 250–260 255

slow growing tumors arising from the muscle or musculoaponeu-
rotic junctions and cause bone erosion and scalloping. It is locally
aggressive, with propensity for recurrence after resection, but not
metastasis [16]. Most desmoid tumors of the head and neck are
found in the upper neck, mainly seen in the supraclavicular fossa,
the muscles of the neck, tongue, mandible, maxilla, nasopharynx,
orbit, mastoid and periparotid region [18]. Those seen more inferi-
orly are difficult to manage as they invade surrounding tissues and
vital structures. They occur most frequently in young infants, and in
the first few decades of life. Patients with Gardner Syndrome have
higher risk for developing desmoid tumors.

CT findings of desmoid tumors are nonspecific; they infiltrate
fat planes, surround muscles and cause bone scalloping (Fig. 6a)
or erosion (Fig. 6b–d) mimicking malignant lesions. On MRI, the
lesions show variable signal intensity on T1- and T2WI, with pre-
dominant high signal intensity on T2WI containing hypointense
septae or foci (Fig. 6d); the high T2 signal corresponds to collagen,
myxoid changes and variable grades of cellularity [15,19]. The low
signal intensity on T2WI has been shown to be due to a greater
collagenous component and reduced cellularity. The hyperintense
areas on T1WI and T2WI represent pathologically proven fat, which
is thought to be secondary to muscular atrophy. They show strong
diffuse (Fig. 6a) or peripheral contrast enhancement.

The differential diagnosis includes congenital myofibromatosis,
fibrous hamartoma and fibrosarcoma.

Pathologically, they are poorly circumscribed, adherent to
musculoaponeurotic tissue with tendency to encapsulate neu-
rovascular bundles and infiltration of surrounding structures. The
proliferating spindle cells are elongated, slender with a uniform
appearance set in a collagenous stroma containing variably promi-
nent vessels. The cells lack cytologic atypia with variable mitotic
rate.

The best treatment is complete surgical resection; radiation and
chemotherapy are reserved for recurrent and inoperable cases.

3.2. Solitary fibrous tumor (SFT)

It is a rare spindle cell neoplasm of submesothelial mesenchy-
mal  fibroblast-like cell origin. It occurs usually in the pleura, but
can arise in the head and neck [20]. Most of the SFT have inter-
mediate malignant potential, rarely showing aggressive behavior
with recurrence and metastasis to the lung, bone and liver [21].
The clinical symptoms are nonspecific.

In the sinonasal cavities, SFT presents as solid, polypoid sharply
defined encapsulated mass that could extend to the intracranial
cavity and other paranasal sinuses. In the orbit, SFT presents with
unilateral proptosis (Fig. 7a and b) and may  follow an aggressive
course with local recurrence and metastasis [22]. On CT, solitary
fibrous tumor is isodense to muscle with hypodense areas which
may  represent myxoid structures. It shows strong enhancement
due to its rich vascularity, occasional calcification and necrosis
[23] and remodeling of the adjacent bone. On MRI, solitary fibrous
tumors shows hypointense or isointense signal on T1WI and T2WI
related to the rich collagenous component (Fig. 7c). High T2 signal
intensity is also seen in hypercellular region of the tumor (Fig. 7a),
or secondary to hemorrhage, or cystic or myxoid degeneration. The
enhancement pattern after gadolinium administration is promi-
nent, homogenous or heterogeneous (Fig. 7b and d). The lesion may
show a low T2 signal intensity rim representing a pseudocapsule
and may  contain hypointense internal septa. Large and necrotic SFT
tend to be malignant.

Intracranial SFTs almost always arise from the extra-axial space,

mainly in the posterior fossa and spine, usually but not exclu-
sively from the dura suggesting non-meningothelial origin of the
cells, but rather mesenchymal from the cerebral vessels [24]. The
clinical presentation is progressive neurological deficit or signs of



256 R. Hourani et al. / European Journal of Radiology 84 (2015) 250–260

Fig. 6. Images of desmoid tumor in 3 different patients. (a) Axial contrast-enhanced CT image of the neck in a 1.5-year-old boy presented with a fixed non-tender right
mandibular mass shows a well-defined enhancing lesion (open arrow) in the right submental area. The lesion is causing scalloping of the medial aspect of the right
mandibular body (double arrows). (b) Axial CT image of the mandible (bone window) in a 37-year-old woman  presented with right facial swelling shows a large expansile
mass  of the mandible. The mass contains soft tissue component and bone septations, associated with bone destruction and mass effect on the oral cavity. (c, d) Coronal
contrast-enhanced CT (c) and axial T2WI (d) of the paranasal sinuses in a 15-year-old boy presented with one month-history of progressive exophthalmos reveal a large
heterogeneously enhancing mass involving the left ethmoid air cells, nasal cavity, and maxillary sinus. It has a heterogeneous high T2 signal intensity when compared to the
muscle  with foci of low T2 signal (arrowheads). The lesion is showing a peripheral solid component and central necrosis. It is causing bone erosion, with extension to the left
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nterior cranial fossa and orbit, displacement of the left medial rectus muscle, and 

ncreased intracranial pressure. They are indistinguishable from
eningiomas by imaging and at surgery; they appear well demar-

ated, round with evidence of a dural tail. On CT, the mass is
sodense to the gray matter. On T1WI, the tumor is well defined,

ith intermediate to low signal intensity when compared to the
rain parenchyma. On T2WI, the tumor has two components: a
entral hypointense area corresponding to hypocellular region and
hick bands of collagen and a peripheral hyperintense area cor-
esponding histologically to hypercellular region [25]. It enhances
omogeneously or slightly heterogeneously. It may  be associated
ith adjacent hyperostosis, skull erosion or capping cysts [14].
arely, meningeal SFT shows aggressive local behavior, malignant
otential with CSF dissemination [26] or distant metastasis to the

ung and soft tissues [27].
The differential diagnoses of scalp SFT mainly in the pediatric

opulation include Langerhans cell histiocytosis, epidermal cyst,
ascular lesions, dermoid and epidermoid cysts and other rare
brous tumors like fibromatosis and fibrous hamartoma of infancy.
There is a patternless proliferation of spindle cells characterized
y a combination of alternating hypo- and hypercellular areas sepa-
ated by thick hyalanized collagen and branching vessels. The round
o spindle shaped tumor cells have little cytoplasm with indistinct
ary exophthalmos.

cell borders. Mast cells are commonly seen. Rare mitotic figures are
present. CD34 and CD99 are usually positive in addition to some
cases expressing epithelial membrane antigen.

Treatment is total surgical excision; however, some SFTs are
locally aggressive or may  recur in case of incomplete excision and
large lesions exceeding 8 cm [28].

3.3. Ossifying fibroma (OF)

Also known as cemento-ossifying or cementifying fibroma, OF
is a rare benign, encapsulated fibro-osseous tumor consisting of
fibrous tissue that contains various amounts of irregular bony tra-
beculae. Most OF arising in the head and neck region involve the
mandible and maxilla. The cases occurring in the midface and
paranasal sinuses tend to be more aggressive and show rapid
growth [29]. The etiology of ossifying fibroma is unknown, but most
lesions occur in tooth-bearing regions, suggesting an origin from
periodontal ligaments. In the early stages, it appears as a lucent

area on CT; as the lesion matures, areas of ossification and calcifi-
cation increase and coalesce (Fig. 8a), transforming the lesion into
a hyperdense mass, sometimes of “ground glass” appearance, sur-
rounded by less ossified fibrous tissue. Juvenile ossifying fibroma
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Fig. 7. Images of solitary fibrous tumor in 2 different patients. (a, b) Axial T2WI (a) and sagittal contrast-enhanced T1WI (b) in a 50-year-old woman with malignant left orbital
fibrous  tumor. The tumor shows heterogeneous high T2 signal intensity and strong enhancement after gadolinium administration. It is eroding the floor of the orbit, with
extension into the left maxillary sinus (asterisk). (c, d) Coronal T2WI (c) and Enhanced T1WI (d) of the brain in a 4-year-old boy with solitary fibrous tumor showing a large
well-defined scalp mass demonstrating heterogeneous predominantly low T2 signal intensity, with strong heterogeneous enhancement after gadolinium administration.
There  is no evidence of invasion of the skull or superior sagittal sinus.

Fig. 8. Images of ossifying fibroma in 2 different patients. (a) Coronal contrast-enhanced CT of the paranasal sinuses in a 7-year-old boy presented with right cheek swelling
reveals  an expansile heterogeneously enhancing right maxillary sinus mass, containing large calcifications and causing bone erosion and scalloping. Note the extension into
the  right nasal cavity and the mass effect on the right orbit. (b) Axial contrast-enhanced CT of the paranasal sinuses in an 8-year-old boy presented with left cheek swelling
shows a large expansile left maxillary sinus mass demonstrating mixed solid and cystic component with fluid-fluid levels (double arrow) and bone septations (oblique
arrows).  The mass is eroding the medial wall of the maxillary sinus, with extension into the left nasal cavity.
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s a histologically similar but aggressive variant of OF that affects
ounger patients and occurs in the maxilla. On MRI, the appearance
f OF depends on the tumor composition. Most lesions are iso-to-
ypointense on T1WI and very hypointense on T2WI due to the
alcific and fibrous components of the lesion with low water con-
ent. It shows strong contrast enhancement that may  be peripheral
30]. Rarely OF shows fluid–fluid levels (Fig. 8b) [31].

OF is a well-demarcated lesion composed of fibro-cellular tis-
ue and mineralized material of variable appearances. The fibrous
issue may  vary in cellularity from closely packed cells to nearly
ellular areas within the same lesion. The mineralized component
ay  consist of woven or lamellar bone or cemented. Immunohis-

ochemistry is non-contributory.
Treatment of OF is complete surgical resection and the recur-

ence rate is high.

.4. Inflammatory myofibroblastic tumor (IMFT)

Also known as inflammatory pseudotumor, plasma cell

ranuloma, xanthogranuloma, histiocytoma and myofibrohistio-
ytic proliferation. IMFT manifests as a space-occupying lesion
econdary to reparative reaction or immune response subse-
uent to previous injury. It mimics malignancies clinically and

ig. 9. Images of inflammatory myofibroblastic tumor in 2 different patients. (a, b) Axial
n  a 44-year-old man presented with an episode of loss of consciousness show a solid e
nto  the infratemporal fossa through the foramen ovale, demonstrating low T2 signal inte
iffusion images. (d) Axial T2WI of the face in a 44-year-old man  presented with left facia
ith  extension into the left nasal cavity and left orbit. The tumor shows heterogeneous T

dministration (not shown).
f Radiology 84 (2015) 250–260

radiologically, but follows a benign course. In the head and neck, the
most common sites include the orbit, larynx, naso- and oropharynx
[32,33].

IMFT manifests as solid soft-tissue mass, slightly hypodense
to muscle, with mild contrast-enhancement and stranding of
adjacent fat suggestive of inflammatory process. Internal calcifi-
cations and central necrosis are uncommon; but may  represent
an end-stage manifestation [34]. The soft tissue mass has inter-
mediate signal intensity on T1WI and mainly low signal on T2WI
(Fig. 9a and d) with marked gadolinium enhancement (Fig. 9b). The
mass may  show high signal on diffusion WI  (Fig. 9c) [35]. Bony
changes include erosion, remodeling, sclerosis, thickening, as well
as invasion mimicking malignant tumor (Fig. 9d). The diagnosis is
established by biopsy and should be clinically, radiologically and
pathologically one of exclusion.

The spindle cell proliferation in IMT  is submucosal loose, and
grows in a storiform or fascicular pattern. It is associated with an
inflammatory cell infiltrate composed of lymphocytes, histiocytes,
plasma cells, eosinophils and scattered neutrophils. The stroma is

highly vascularized and ranges from edematous to collagenized.
The myofibroblasts are spindled to stellate with monotonous, bland
round to oblong nuclei and abundant eosinophilic to basophilic
cytoplasm. The nuclear to cytoplasmic ratio is low. Mitosis is never

 T2WI (a), coronal contrast-enhanced T1WI (b) and axial ADC map (c) of the brain
nhancing extra-axial meningeal left temporal lobe lesion. The tumor is extending
nsity with strong enhancement after gadolinium administration and restriction on
l tenderness and epistaxis shows a left maxillary sinus tumor causing bone erosion
2 signal with foci of low signal intensity and strong enhancement after gadolinium
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Fig. 10. Axial contrast-enhanced CT image of the neck in a 13-year-old boy with
recurrent fibrosarcoma showing a large solid heterogeneously enhancing mass that
involves the left infratemporal fossa and parapharyngeal space, with extension into
t
o
t

a
s
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b
r

4

4
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l

lesion has infiltrating borders. CD34 positivity is an immunohis-

F
p
h
g

he nasopharynx reaching posteriorly the carotid space. It is causing bone erosion
f the posterior wall of the left maxillary sinus (arrow). The left ascending ramus of
he  mandible has been resected.

typical. Immunohistochemistry is non-contributory. Vimentin is
trongly positive while smooth muscle actin (SMA) and desmin are
ariably positive.

Most IMFT respond to systemic corticosteroids and excisional
iopsy; however, some IMFT are aggressive and recur, requiring
adiotherapy.

. Malignant tumors

.1. Fibrosarcoma
It occurs most often in the trunk and lower extremities; and
nly 15% of the cases occur in the head and neck. Higher grade
esions affect mainly adults. Fibrosarcoma presents as painless,

ig. 11. (a) Coronal short tau inversion-recovery (STIR) and (b) sagittal contrast-enhan
rotuberans involving the left aspect of the neck, left shoulder and chest. The tumor dem
igh  T2 signal intensity. It is located in the subcutaneous soft tissue but extends deep in th
adolinium administration.
f Radiology 84 (2015) 250–260 259

slowly growing palpable mass of bony rather than soft tissue ori-
gin. X-rays demonstrate a lytic lesion. On CT, fibrosarcomas are
generally poorly marginated trans-spatial homogenous, isodense
tumors, and mildly enhancing after contrast administration. The
mass causes gradual expansion and remodeling of the cortical bone,
with erosions seen in high grade fibrosarcomas (Fig. 10). On  MRI,
they have low to intermediate signal intensity on all sequences with
mild to moderate enhancement after gadolinium administration.
The differentiation from other aggressive fibromatosis is limited
by imaging and histology. The presence of metastasis and necrosis
favors fibrosarcoma.

The spindle cells of fibrosarcoma are characteristically arranged
in a herringbone pattern. The tapered nuclei are hyperchromatic
with variably prominent nucleoli. Cytoplasm is scant. Mitotic fig-
ures are present but variable in number. Immunohistochemistry is
non-contributory.

Surgical excision is the treatment of choice, with a high recur-
rence rate.

4.2. Dermatofibrosarcoma protuberans

This is a rare, infrequently imaged tumor due to its superficial
location and ease of clinical diagnosis. The tumor lies in the subcu-
taneous soft tissues, either in a superficial or less frequently deep
location relative to the superficial fascia and shows well defined,
nodular margins [36,37].

Ultrasonography shows hypoechoic or mixed echoic tumors.
On Doppler examination, flow may  involve the entire tumor or
may  be seen only at the periphery [38]. On CT, the tumor is iso-
to hypodense, shows moderate enhancement, mainly peripheral
with central necrosis suggesting a higher likelihood of fibrosar-
comatous changes [39]. On MRI, the lesion is slightly hypo- to
isointense to muscle on T1WI and iso- to hyperintense on T2WI
(Fig. 11a). It may shows areas of hemorrhage, necrosis and may
be accompanied by satellite lesions [36]. The solid component
enhances after gadolinium administration (Fig. 11b). The cells are
monotonous with tapered, bland nuclei and sparse mitosis. The
tochemical hallmark.
Treatment is surgical with wide resection margins. It has high

local rate of recurrence in cases of incomplete resection.

ced T1WI of the neck and chest in a 36-year-old man  with dermatofibrosarcoma
onstrates mixed solid and cystic components, with heterogeneous predominantly
e carotid space and mediastinum. The solid component is strongly enhancing after
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. Conclusion

Fibroblastic and myofibroblastic tumors of the head and neck are
are tumors, more common in children with the majority of cases
eing benign. They should be included in the differential diagnosis
f solid tumors of the head and neck, especially in children when the
ass shows bone erosion on CT and foci of low signal intensity on

2WI. Knowledge of both radiologic and histopathologic findings
f fibrous tumors will enable radiologists to limit the differential
iagnosis and may  allow reliable diagnosis of some of these tumors.
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