
features common to fibroblasts and smooth muscle
cells, produce procollagen and collagen. Collagen is the
main, noncontractile component of the extracellular
matrix, elastin is the main, contractile component of
elastic fibers. The amorphous ground substance of fi-
brous tissue contains glycosaminoglycans (mucopoly-
saccharides), the most common types being hyaluronic
acid, chondroitin 4- and 6-sulfates, and proteoglycans.
[56] Fibrous tissue can be loose or dense depending on
the relative amount of the three components. Dense
fibrous tissue is seen in tendons, ligaments, and aponeu-
roses.

Fibroblastic/myofibroblastic tumors represent a very
large subset of mesenchymal tumors. Many lesions in
this category contain cells with both fibroblastic and
myofibroblastic features, which may in fact represent
functional variants of a single cell type. The relative
proportions of these cell types vary not only between
individual cases but also within a single lesion over time
(often in proportion to cellularity). A significant subset
of spindle cell and pleomorphic sarcomas are probably
myofibroblastic in type, but, to date, only low-grade
forms have been reproducibly characterized. Among
lesions formerly known as malignant fibrous histio-
cytoma (MFH), at least some represent pleomorphic
myofibrosarcomas.

Principal changes and advances since the 1994 WHO
classification have been the characterization of numer-
ous previously undefined lesions, including ischemic
fasciitis, desmoplastic fibroblastoma, mammary-type
myofibroblastoma, angiomyofibroblastoma, cellular an-
giofibroma, Gardner fibroma, low-grade fibromyxoid
sarcoma, acral myxoinflammatory fibroblastic sarcoma,
sclerosing epithelioid fibrosarcoma, and low-grade
myofibroblastic sarcoma.

Conceptual changes have included the clearer re-
cognition of solitary fibrous tumor in soft tissue and the
realization that most cases of so-called hemangioperi-
cytoma belong in this category, as well as the reclassifi-
cation of lesions formerly labeled “myxoid MFH” as
“myxofibrosarcoma” and the definitive allocation of the
tumors to the fibroblastic category.

The new (2002) WHO classification of fibroblastic/
myofibroblastic tumors [20] contains a large number of

13.1 Introduction

Fibrous tissue consists of fibroblasts and an extracellu-
lar matrix containing both fibrillary structures (colla-
gen, elastin) and nonfibrillary, gel-like ground sub-
stance. Both fibroblasts (spindle-shaped cells) and my-
ofibroblasts, which are modified fibroblasts showing
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new and modified lesions. They are categorized into
four groups according to their degree of malignancy,
i.e., (1) benign, (2) intermediate (locally aggressive), (3)
intermediate (rarely metastasizing), and (4) malignant:
1. Benign:

Nodular fasciitis
Proliferative fasciitis
Proliferative myositis
Myositis ossificans
Fibro-osseous pseudotumor of digits
Ischemic fasciitis
Elastofibroma
Fibrous hamartoma of infancy
Myofibroma/Myofibromatosis
Fibromatosis colli
Juvenile hyaline fibromatosis
Inclusion-body fibromatosis
Fibroma of tendon sheath
Desmoplastic fibroblastoma
Mammary-type myofibroblastoma
Calcifying aponeurotic fibroma
Angiomyofibroblastoma
Cellular angiofibroma
Nuchal-type fibroma
Gardner fibroma
Calcifying fibrous tumor
Giant cell angiofibroma

2. Intermediate (locally aggressive):
Superficial fibromatoses (palmar/plantar)
Desmoid-type fibromatoses
Lipofibromatosis

3. Intermediate (rarely metastasizing):
Solitary fibrous tumor and hemangiopericytoma (in-
cluding lipomatous hemangiopericytoma)
Inflammatory myofibroblastic tumor
Low-grade myofibroblastic sarcoma
Myxoinflammatory fibroblastic sarcoma
Infantile fibrosarcoma

4. Malignant:
Adult fibrosarcoma
Myxofibrosarcoma
Low-grade fibromyxoid sarcoma hyalinizing spindle-
cell tumor
Sclerosing epithelioid fibrosarcoma

In the case of several fibroblastic proliferations (elasto-
fibroma, fibroma of tendon sheath, extra-abdominal
desmoids, fibromatosis colli), it is unclear whether these
constitute reactive fibrosing processes or true neo-
plasms. Fibromatoses are aggressive, infiltrating lesions,
despite their histologically benign character, and ag-
gressive fibromatoses or musculoaponeurotic desmoid
tumors are by far the largest group of tumors of fibrous
tissue. The terminology of childhood fibromatosis is
confusing, and there are many classification systems
based on different clinicopathological parameters such

as age, localization, histology, and aggressiveness of the
lesion [86]. Fibrous tumors of infancy and childhood
and soft tissue fibrosarcomas are rare and have only
sparsely been reported in the radiological literature. It is
a constant finding that the majority of these tumors
have a high recurrence rate after surgical resection, and
recurrent lesions mostly have a more aggressive behav-
ior than their primary counterparts. Another constant
finding is the natural evolution of tumors of fibrous
tissue, which are hypercellular in their initial stage and
become more collagenous in later stages. Localization of
the lesion and age of the patient are major diagnostic
factors. Fibroma of tendon sheath, elastofibroma, all
types of fibromatosis, and fibromatosis colli are charac-
terized by typical localizations [30, 85].

13.2 Benign Fibroblastic Proliferations

Benign fibroblastic proliferations constitute a hetero-
geneous group of well-defined entities. Some of these,
such as nodular fasciitis, grow rapidly and are richly
cellular. Others, such as fibroma of the tendon sheath
and elastofibroma, grow slowly, are much less cellular,
and contain considerable amounts of collagen [17, 71].

13.2.1 Nodular Fasciitis

Nodular fasciitis, also called pseudosarcomatous fasci-
itis, infiltrative fasciitis, or proliferative fasciitis, is a be-
nign soft tissue lesion composed of proliferating fibro-
blastic-myofibroblastic cells. It is characterized by rapid
growth, which may arouse suspicion of sarcoma [47].
Although the cause is unknown, it is likely that it is trig-
gered by local injury or a local inflammatory process.
Most patients are asymptomatic or note only mild dis-
comfort. Lesions are round to oval and mostly located in
the upper extremity (48%), mostly the volar aspect of
the forearm [83], trunk (20%), head and neck (17%),
and lower extremity (5%) [42, 59]. Shimizu has report-
ed on a series of 250 patients with a mean age of 39 years
and a peak in the fourth decade, in whom 44% of the
lesions are located in the upper extremity, which is fol-
lowed in frequency by the lower extremity and the
trunk [75]. Although no sex predilection for nodular
fasciitis is mentioned in literature, we reported on a
series of ten patients, nine of them being female [83]!

There are three subtypes of nodular fasciitis, defined
according to their topography: the most common sub-
cutaneous type, the intramuscular type, and the fascial
type, which spreads along superficial fascial planes.
Microscopically, younger lesions consist of fibroblasts
embedded in a dense reticulin meshwork and birefrin-
gent collagen. There is a rich intervening myxoid ma-
trix. Older lesions tend to be more fibrous. In this re-
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echo sequences [59]. Myxoid lesions show a marked and
homogeneous enhancement, cellular lesions a nonho-
mogeneous enhancement, and fibrous lesions a moder-
ate, nonhomogeneous enhancement [83]. Three cases in
our own series had the same appearance on MR images:
a central area of low signal intensity (SI) and a periph-
eral area of higher SI on T1-weighted images, and an in-
verted SI pattern (high SI of the center, and low SI of the
periphery) on T2-weighted images. After gadolinium
(Gd) contrast injection there is a marked enhancement
of the peripheral zone, with poor enhancement of the
center. This pattern was described in 1991 by Frei et al.
[25]. On comparing these findings with the MR features
of some neurogenic tumors (target sign), we named the
pattern “the inverted target sign” (Figs. 13.1, 13.2).

The cellular type of nodular fasciitis is apt to be mis-
taken for a sarcoma (myxofibrosarcoma and fibrosarco-
ma), while the fibrous type must be differentiated from
fibromatosis. Recurrent tumors have a more aggressive
behavior than primary ones (Fig. 13.3).

gard, nodular fasciitis can be subdivided into three
types based on the predominant histological features:
myxoid (type 1), cellular (type 2), and fibrous (type 3).
However, since many different features may coexist in
one lesion, definition of a single fixed type is not always
possible. There is no correlation between histological
subtypes and the subtypes classified according to their
anatomical location. Histological transformation from
type 1 to type 2 and then to type 3 is indicative of the
natural evolution of these lesions. Recurrence after exci-
sion is very rare and occurs in less than 2% of the cases.

On ultrasound images, lesions of this kind are mostly
solid, and cystic change has been reported (Fig. 13.2a).
On CT scans, nodular fasciitis has low attenuation val-
ues, reflecting the myxoid character of the lesions [59].
The appearance on MR images reflects the gross mor-
phology of the tumor. Myxoid and cellular lesions are
iso- to hyperintense compared with skeletal muscle on
T1-weighted images and iso- to hyperintense compared
with fat on T2-weighted images. Lesions with a more fi-
brous histology are markedly hypointense on all spin-
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Fig. 13.1Ia–f. Two cases of nodular fasciitis, fascial type: a first case
(a–c) at the fascia of the sartorius muscle, a second case (d–f) at
the fascia of pectoralis muscle. a Axial spin-echo T1-weighted MR
image. b Axial spin-echo T1-weighted MR image after gadolinium
contrast injection. c Axial spin-echo T2-weighted MR image.
d Sagittal spin-echo T1-weighted MR image. e Sagittal spin-echo
T1-weighted MR image after gadolinium contrast injection, with

fat suppression. f Axial spin-echo T2-weighted MR image. Both 
lesions are in close contact with superficial fasciae. On T1-weight-
ed images, both lesions are of slightly higher signal intensity (SI)
when compared with SI of normal muscle (a, d). They both 
enhance markedly after contrast injection (b, e) and are of high SI
on T2-weighted MR images (c, f)

a b c

d e f
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13.2.2 Fibroma of Tendon Sheath

Fibroma of the tendon sheath consists of a benign, slow-
growing, dense fibrous nodule (or multinodular mass)
firmly attached to the tendon sheath and is found most
frequently in the hands and feet (Fig. 13.4). The thumb,
index finger, and middle finger together with lesions of
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Fig. 13.2Ia–g. Three cases of nodular fasciitis, intramuscular type:
the first case (a–c) at the forearm, the second case (d, e) at the sub-
scapularis muscle, and the third case (f, g) at the pectoralis muscle.
a Axial spin-echo T1-weighted MR image. b Coronal spin-echo T1-
weighted MR image after gadolinium contrast injection. c Axial
spin-echo T2-weighted MR image. d Axial spin-echo T2-weighted
MR image. e Axial spin-echo T1-weighted MR image after gadolin-
ium contrast injection, with fat suppression. f Coronal spin-echo
T1-weighted MR image, with fat suppression. g Coronal spin-echo
T1-weighted MR image after gadolinium contrast injection, with
fat suppression. All three cases present with the so called “inverted
target” sign consisting of a peripheral zone of increased SI on T1-
weighted MR images (a, f), decreased SI on T2-weighted MR im-
ages (c, d) and merely peripheral contrast enhancement (b, e, g)

Fig. 13.3Ia, b. Recurrent nodular fasciitis of the fascial type in a
37-year-old woman. a Axial spin-echo T1-weighted MR image.
b Axial spin-echo T2-weighted MR image. Well-delineated, oval
mass within the region of the infraspinatus muscle, adjacent to the
scapula. The lesion is hyperintense to muscle on the T1-weighted
image, with a central, bilobate area of lower signal intensity (a).
Central parts of the lesion show high signal intensity on the T2-
weighted image (b), while the peripheral component remains of
lower signal intensity. This case also illustrates the “inverted target
sign”

a

b

Fig. 13.4Ia–d. Fibroma of tendon sheath in a 35-year-old woman.
a Sagittal spin-echo T1-weighted MR image. b Sagittal spin-echo
T1-weighted MR image after gadolinium contrast injection. c Axi-
al spin-echo T2-weighted MR image. d Coronal gradient T2*-
weighted image. Large, oval mass at the plantar aspect of the left
great toe. The lesion is inhomogeneous and ill-defined at the prox-
imal pole (a). After contrast injection there is marked enhance-
ment at the periphery of the lesion (b). On the T2-weighted image,
the whole lesion is of low signal intensity (c). On gradient-echo
sequence, the periphery of the lesion is of extremely high signal
intensity (d)

a b

c

d
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the volar aspect of the wrist account for 80% of cases. It
is considered to be either a reactive fibrosing process or
a benign neoplasm. It is found most commonly in adults
and is more than twice as common in men as in women.
The main symptom is a small mass that rarely measures
more than 2 cm and is painless but may limit motion of
the involved digit [52]. Macroscopically, it resembles the
lobular configuration of the much more common giant
cell tumor of the tendon sheath, but it is less cellular and
there are no xanthoma cells or giant cells [17]. Micro-
scopically this lobulated nodular lesion is composed of
tightly packed spindle cells (fibroblasts), vessels, and
large amounts of dense collagenous material, which is
markedly hyalinized. Occasionally there is a gradual
transition from the poorly cellular hyalinized collage-
nous areas to more cellular areas which are thought to
be characteristic of the early stages of the tumor devel-
opment. More cellular forms must be differentiated
from nodular fasciitis, fibrous histiocytoma, and even
fibrosarcoma.

Although fibromas of the tendon sheath may resem-
ble nodular fasciitis histologically, they involve hands
and feet almost exclusively and are slow-growing le-
sions, while lesions of nodular fasciitis appear suddenly,
grow rapidly, and usually attain full size in 3–6 weeks.
Moreover, they have a predilection for the volar aspect
of the forearm [67].
Plain radiographic findings in a fibroma of tendon
sheath eroding the third metatarsal have been reported
by Lourie et al. [52].

Fox et al. [23] have reported on a series of six patients
with fibroma of the tendon sheath. Findings from MRI
were not at all specific, i.e., low to intermediate SI on
both T1- and T2-weighted images and a variable en-
hancement (from none to markedly enhanced) after
contrast administration. MR findings depend on and
reflect the relative amount of different tumor compo-
nents that are cellular, myxoid, vascular, or collagenous.
As a consequence there can be overlap in MR findings
with features of giant cell tumor of the tendon sheath
(Fig. 13.5).

A.M. De Schepper, J.E. Vandevenne172

Fig. 13.5Ia–c. Fibroma of tendon sheath at
the volar aspect of the third finger adjacent
to the flexor tendon. a Axial spin-echo 
T1-weighted MR image. b Axial spin-echo
T1-weighted MR image after gadolinium
contrast injection with fat suppression.
c Axial spin-echo T2-weighted MR image
with fat suppression. The lesion is of low 
SI on T2-weighted MR images (c) and 
enhances moderately after gadolinium 
contrast injection (b)
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b
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sue and traumatic neuroma-like nerve proliferations
are typically present. Skeletal muscle infiltration is also
seen in a minority of cases. The process has a strong as-
sociation with diabetes and also appears to be linked to
Gardner’s syndrome, fibromatosis, and dermatofi-
brosarcoma protuberans. Local recurrence probably re-
flects the persistence of local or systemic factors related
to its pathogenesis [60, 72].

The MR appearance reflects the histological compo-
sition: collagen has a low SI both on T1- and T2-weight-
ed images. Small foci of high SI on T1-weighted images
are due to entrapped adipose tissue (Figs. 13.6, 13.7). In
this regard there is a strong similarity to elastofibromas.

13.2.3 Nuchal Fibroma

Nuchal fibroma, or collagenosis nuchae, is a benign soft
tissue tumor that arises from the posterior cervical sub-
cutaneous tissue, with a predilection for the interscapu-
lar and paraspinal regions. Nuchal fibroma is signifi-
cantly more common in men, with a peak incidence
during the third to the fifth decades.

Microscopically, nuchal fibromas have a superficial
(subcutaneous or dermal) component and consist of
paucicellular, thick bundles of lobulated collagen fibers
with inconspicuous fibroblasts. Entrapped adipose tis-
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Fig. 13.6Ia–c. Nuchal fibroma in a 50-year-old man. a Sagittal
spin-echo T1-weighted MR image. b Sagittal spin-echo T2-weight-
ed MR image. c Sagittal spin-echo T1-weighted MR image after
gadolinium contrast injection. Oval, well-delineated mass within
the subcutaneous fatty tissue of the neck. There is an intermediate

signal intensity on both spin-echo images owing to the mixed his-
tological composition of entrapped fat within a collagenous mass
(a, b). There is marked enhancement after contrast injection (c).
Localization and MR presentation are characteristic of a nuchal 
fibroma

a b c
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13.2.4 Elastofibroma

Elastofibroma is generally considered to be a fibroelas-
tic pseudotumor. It occurs almost exclusively in the sub-
scapular region beneath the rhomboideus major and
latissimus dorsi muscles adjacent to the inferior angle
of the scapula. It is thought to be caused by repeated me-
chanical friction between the chest wall and the tip of
the scapula, which was the site of the lesion in 99% of
the reported cases. Other locations, albeit uncommon,
include the infraolecranon, thoracic wall, axilla, and
greater trochanter regions. Bilateral lesions are com-
mon and seen in 10–60% of patients. Most patients are
older adults, and there is a definite predominance in
women. Single cases have been reported in children
[12]. Half of the patients are asymptomatic, and 50%
have pain on arm motion. Chromosomal abnormalities
and familial occurrences support a genetic predisposi-
tion to elastofibroma dorsi.

On gross examination, these lesions are firm and rub-
bery [12, 47, 50, 55]. Histologically, lesions are composed
mainly of elastin-like fibers and entrapped islands of
mature adipose tissue. Microscopic examination shows
hypertrophy and degeneration of elastin with a back-
ground of mature collagen and fat. CT scans show atten-
uation similar to that of adjacent muscle. Sometimes
there are strands of low density similar to that of sub-
cutaneous fat [48] (Fig. 13.8a). MRI nicely reflects the
histological composition of entrapped fat within a pre-
dominantly fibrous mass. On both T1- and T2-weighted
images, the lesion presents as a lenticular, well-defined
mass with an intermediate SI approximately equal to
that of skeletal muscle. Interlaced areas have a SI similar
to that of fat [45]. Areas of low SI on both T1- and T2-
weighted images correspond histologically to fibroelas-
tic tissue [48] (Fig. 13.8b–d).

Surgery should not be performed for diagnostic pur-
poses in elderly individuals. Indeed, familiarity of the
radiologist with this entity may make it possible to
avoid some surgery [54]. Differential diagnosis is limit-
ed, but includes older desmoids, which are hypocellular,
contain large amounts of collagen, and occur in younger
patients.
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Fig. 13.7Ia–c. Nuchal fibroma. a Axial spin-echo T1-weighted MR
image. b Axial spin-echo T1-weighted MR image after gadolinium
contrast injection. c Axial short-tau inversion recovery (STIR) MR 
image. Atypical presentation of a nuchal fibroma with high SI on
STIR sequence (c) and minimal, cloudy enhancement after 
contrast injection (b)
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b
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Fig. 13.8Ia–d. Elastofibroma dorsi in a 60-year-old woman (a), in a
67-year-old woman (b, c), and in a 56-year-old woman (d). a CT
scan after iodinated contrast injection. b Coronal spin-echo 
T1-weighted MR image. c Axial turbo spin-echo T2-weighted MR
image. d Coronal STIR MR image. On the CT scan there is an oval
mass between the rhomboid major and latissimus dorsi muscles
on both sides (arrows). The lesions show mixed attenuation and
enhancement after iodinated contrast injection (a). Oval mass

within the subscapular region, showing signal intensity equal to
that of fat and muscle on a T1-weighted image (b), and an overall
low signal intensity on T2-weighted an on STIR images (c, d).
Three cases of elastofibroma showing characteristic location,
attenuation on CT scan, and signal intensity on MR images,
reflecting the histological composition of entrapped fat within a 
fibrous mass

a

b
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13.3 Fibromatoses

Fibromatoses cover a wide range of benign fibroblastic
proliferations. They are classified according to Enzinger
and Weiss into superficial and deep types, and are fur-
ther subdivided according to anatomical location:
1. Superficial (fascial) fibromatosis

a) Palmar fibromatosis (Dupuytren contracture)
b) Plantar fibromatosis (Ledderhose disease)
c) Penile fibromatosis (Peyronie disease)
d) Knuckle pads

2. Deep (musculoaponeurotic) fibromatosis
a) Extra-abdominal fibromatosis
b) Abdominal fibromatosis
c) Intra-abdominal fibromatosis:

– Pelvic fibromatosis
– Mesenteric fibromatosis
– Gardner syndrome

Although both superficial and deep lesions have a simi-
lar microscopic appearance, superficial lesions are slow
growing, while deep ones have a more aggressive bio-
logical behavior, between that of fibrosarcomas and fi-
bromas [7]. Division into abdominal and extra-abdom-
inal desmoids is arbitrary, since the lesions are histo-
logically alike [5].

Fibromatoses are uncommon lesions, constituting
0.03% of all neoplasms. They are found in young adults,
with a peak incidence at 30 years. There is no sex pre-
dominance, and most lesions are solitary, although
synchronous multicentric lesions have been reported.
A familial tendency has been observed. Local recurrence
after surgery is seen in as many as 50% of patients [45].

Key criteria that establish the diagnosis are growth
pattern, relationship with surrounding tissues, and
cytological features. Lesions consist of uniform fibrob-
lasts proliferating in a parallel way and intermingled
with variable amounts of collagen. No atypical or hyper-
chromatic nuclei are found, while mitoses are infre-
quent. Generally, the most cellular areas are present in
the center of the lesion, whereas the periphery has less
numerous fibroblasts and greater amounts of dense
collagen [24]. Although fibromatoses are histologically
benign, their relationship to adjacent tissue is marked
by interdigitating and infiltrative growth. Penile fibro-
matosis and intra-abdominal fibromatosis will not be
discussed, since these do not belong to the locomotor
system [68].

On ultrasound scans, fibromatoses appear as masses
with low, medium, or high echogenicity and smooth,
sharply defined borders. On CT images, the masses are
either ill-defined or well circumscribed. Before contrast
administration, desmoids show variable attenuation.
After contrast administration, lesions usually have a
higher attenuation than that of adjacent muscle [5].

In an attempt to explain the variable CT appearance
of these lesions, Francis et al. have carried out a retro-
spective analysis of CT findings and histopathological
features in nine patients with fibromatosis. In three of
four patients who had precontrast CT scans, the tumors
were hyperdense relative to muscle, while in one patient
the lesion was hypodense. The postenhancement ap-
pearance was variable. The pathological specimens have
been analyzed and graded for collagen content, cellular
content, tumor necrosis, and tumor vascularity. No con-
sistent relationship can be established between the CT
appearance of these lesions and their histological ap-
pearance [24].

On MR images, most lesions demonstrate slightly in-
creased SI relative to skeletal muscle on T1-weighted
images and intermediate SI on T2-weighted images. The
slight increase in SI on T1-weighted images is much less
than that seen in lipomas and subacute hemorrhages.
Enhancement pattern after contrast administration is
variable.

Increased SI on T2-weighted images is seen in hyper-
cellular lesions. Lesions that are hypointense or contain
hypointense foci (linear or curvilinear) on both spin-
echo sequences are found to be relatively hypocellular
with abundant collagen. As a consequence, most lesions
are rather inhomogeneous. Although usually well de-
marcated on MR images, microscopically fibromatosis
is seen to invade adjacent structures [68].

The conditions that deserve consideration in the
differential diagnosis of intra- and extra-abdominal
desmoids are malignant lesions such as fibrosarcoma,
rhabdomyosarcoma, synoviosarcoma, liposarcoma,
myxofibrosarcoma, lymphoma, and metastases, and
benign lesions such as neurofibroma, neuroma and
leiomyoma, and acute hematoma of the rectus sheath
and chest wall [5].

13.3.1 Palmar Fibromatosis

Palmar fibromatosis or Dupuytren contracture primar-
ily involves palmar aponeurosis of the hand and its ex-
tensions. Usually the disease is diagnosed clinically on
the basis of characteristic history and physical exami-
nation. The earliest clinical manifestation is the ap-
pearance of a subcutaneous nodule in the palm of the
hand. As the disorder progresses, the overlying skin
thickens and retracts, and a cord forms, producing 
progressive flexion contracture of the affected ray
(Figs. 13.9, 13.10).

Palmar fibromatosis tends to affect adults, with a
rapid increase in incidence with advancing age. It is 
bilateral in 40–60% of cases. The condition is by far
more frequent in men and is most common in North-
ern Europe. Pathogenesis in both palmar and plantar 
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contain a large amount of collagen and are hypocellular.
The condition is treated surgically, but the recurrence
rate is high (30–40%). The recurrence rate of lesions
with mitotically active, cellular nodules is far higher
(70%) than that of hypocellular lesions.

fibromatosis includes a genetic component, with fa-
mily history and chromosome aberrations in 50% of
cases.

Histologically, the nodules are quite cellular, com-
posed of whorls of proliferative myofibroblasts. Cords
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Fig. 13.9Ia, b. Palmar fibromatosis in a 40-year-old man (ultra-
sound) (a) and in a 39-year-old woman (coronal spin-echo T1-
weighted MR images) (b). In the first patient, the ultrasound image
shows a cord- or plate-like hypoechoic lesion subcutaneously at
the palmar aspect of the fourth metacarpophalangeal joint (a). In
the second patient, there is a plate-like mass of low signal intensi-
ty within the carpal tunnel on the T1-weighted image (arrow; the
lesion also had a low signal intensity on T2-weighted images, not
shown) (b). Hypocellular type of cord- or plate-like palmar fibro-
matosis with characteristic location and imaging features on
ultrasound and MR images

a

b

Fig. 13.10Ia, b. Dupuytren contracture in a patient with palmar
fibromatosis. a Sagittal spin-echo T1-weighted MR image. b Axial
spin-echo T2-weighted MR image. There is a low signal intensity
cord (open arrows) in the superficial palmar soft tissue at the level
of the fourth metacarpal on the T1-weighted image (a) and a low
signal intensity area superficial to the flexor tendon of the fourth
ray (white arrows) on the T2-weighted image (b). This case illus-
trates the characteristic appearance of cord in Dupuytren contrac-
ture with signal intensity reflecting the hypocellular collagenous
composition. (Reproduced from [87], with permission)

a

b

13_DeSchepper_Tumors_of  15.09.2005  15:07 Uhr  Seite 177



The appearance of the nodules and cords on MR im-
ages and the correlation between the SI and the lesion’s
degree of cellularity has been described by Yacoe et al.
[87]. On MR images, the cords have a uniformly low SI
(similar to the SI of tendon) on both T1- and T2-weight-
ed images. In 18% of patients, nodules have a low to
intermediate SI on T1-weighted images (slightly higher
than that of tendon) and a low SI on T2-weighted im-
ages. Most nodules have an intermediate SI (similar to
that of muscle) on both T1- and T2-weighted images.
Only three nodules have a low SI on both T1- and T2-
weighted images and were hypocellular on histological
examination.

Signal characteristics of the lesions correlate with the
degree of cellularity. The preoperative assessment of
cellularity may be of prognostic significance, because
highly cellular lesions tend to have a higher rate of re-
currence after surgery than hypocellular lesions. As a
consequence surgery may be delayed until the lesion
matures and becomes more hypocellular and collage-
nous [23].

13.3.2 Plantar Fibromatosis

Plantar fibromatosis, also called Ledderhose disease, is a
benign, fibroblastic, proliferative, and locally invasive
disorder characterized by the replacement of elements
of the plantar aponeurosis by abnormal fibrous tissue,
which slowly invades the skin and the deep structures
(Fig. 13.11)

The plantar aponeurosis is a strong band which orig-
inates at the inner tubercle of the calcaneus and con-
tains two layers: a superficial layer which extends to the
four smaller toes and a deeper layer which runs from
lateral to medial and appears as a separate band to the
great toe [49]. On ultrasound scans, the plantar aponeu-
rosis is noted as a bright linear interface, approximately
5–8 mm from the surface of the sole [69]. On MR images
the aponeurosis is seen as a thin linear strip of low SI
that originates at the inferior border of the calcaneus
and inserts into the distal flexor tendons near the
metatarsophalangeal joints.

The etiology of plantar fibromatosis is unknown but,
as in palmar fibromatosis, trauma, neuropathy, faulty
development, alcoholism, and infection have been pro-
posed as etiologic factors. Pathogenesis in both palmar
and plantar fibromatosis includes a genetic component,
with family history and chromosome aberrations in
50% of the cases. Most lesions are located at the medial
aspect and just superficial to the aponeurosis. Involve-
ment is bilateral in 19% of patients and multiple in
32%. There is a higher prevalence in white and middle-
aged (fourth decade) male patients and in patients who
have epilepsy. There is also an association with knuckle
pads in 5%, with palmar fibromatosis in 10–50%, and

with penile fibromatosis (Peyronie disease) in 5–10% of
patients. There are no reports of malignant transforma-
tion. Clinically, plantar fibromatosis presents as a non-
mobile, irregular, single or multinodular lesion located
in the longitudinal medial arch of the plantar surface of
the foot. The lesion frequently consists of small nodules
merged with each other and with the fascial bundles [4].
Although some authors report pain as a main symptom
in one-third of patients, most lesions are asymptomatic
and are discovered incidentally by palpation. Unlike
palmar fibromatosis, this condition rarely causes con-
tracture of the toes.

Microscopically, the lesion consists of a proliferation
of well-differentiated hyperplastic, fibroblast-like cells
or myofibroblasts with an infiltrative pattern of growth
and usually an abundance of proliferating cells between
the heavy strands of relatively hypocellular, mature col-
lagen. Collagen is present in the actively growing foci in
every specimen: quantitatively it usually is in an inverse
ratio to the degree of cellularity [4]. Mitotic figures,
necrosis, and vascular infiltration are uncommon.A cel-
lular vascular cuffing and the presence of perivascular
inflammatory cells have been described by Allen [4].
The natural history comprises a proliferative phase with
increased fibroblastic activity and cellular proliferation,
an involutional phase, and a residual phase in which fi-
broblastic activity is reduced and maturation of the col-
lagen is noted.

If this condition is treated by simple excision, there is
an recurrence rate of 50–65%, frequently resulting in a
more aggressive form. Infiltration of neighboring struc-
tures is more frequently seen in recurrent lesions [4].
Wide, radical excision, encompassing 0.5 cm of sur-
rounding, normal-appearing fascia is, therefore, the
treatment of choice.

On ultrasound images, plantar fibromatosis is seen as
a well-defined, hypoechoic nodule or mass superficial to
the medial slip of the plantar aponeurosis. Plantar fibro-
matosis exhibits a consistent and characteristic appear-
ance on MR images [61]. Most lesions are heteroge-
neous, with an overall SI equal to or slightly higher than
that of muscle on both spin-echo T1- and (spin-echo
and fast spin-echo) T2-weighted images (Fig. 13.11a, b).
SI on T2-weighted images reflects the stage of the dis-
ease. The proliferative phase is characterized by higher
cellularity, resulting in higher SI. The low SI on T2-
weighted images of the involutional and residual phases
is attributed to the hypocellularity and presence of
abundant collagen. Lesions are slightly hyperintense 
to muscle on short-tau inversion recovery (STIR) se-
quences (Fig. 13.11c). After intravenous injection of Gd
contrast, enhancement is inversely related to the stage of
fibromatosis.“Burned out” lesions with abundant colla-
gen fibers enhance to a lesser degree than lesions in the
proliferative phase (Fig. 13.11e, f).
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lesion, it has to be differentiated from aggressive fibro-
matosis and fibrosarcoma. If the lesion is associated
with palmar fibromatosis or Peyronie disease, or if both
feet are involved, the diagnosis is almost certain.

Differential diagnosis has to be made between plan-
tar fibromatosis in the residual phase, callus, and scar-
ring. Since plantar fibromatosis in the proliferative
phase may be an extremely cellular and infiltrative
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Fig. 13.11Ia–f. Two cases of plantar fibromatosis in a 37-year-old-
man (a–c) and in a 13-year-old girl (d–f). a Axial spin-echo T1-
weighted MR image. b Axial turbo spin-echo T2-weighted MR im-
age. c Sagittal STIR MR images. d Sagittal spin-echo T1-weighted
MR image. e Sagittal spin-echo T1-weighted MR image after
gadolinium contrast injection. f Sagittal subtraction MR image.
Subcutaneous nodular lesion of intermediate signal intensity at
the sole of the foot in apposition with the plantar aponeurosis. The

lesion is isointense to muscle on the T1-weighted image (a), and of
higher, variable signal intensity on the T2-weighted (b) and STIR
(c) images. On the SRIR image, there is a smaller second lesion
having similar signal characteristics (c; arrow). The second case
reveals a lesion centered on the plantar fascia, isointense to muscle
on the T1-weighted image (d), with marked enhancement after
gadolinium contrast injection (e). This is also nicely demonstrated
on the subtraction image (f)

a b

c
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e
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13.3.3 Knuckle Pads

Knuckle pads consist of a flat or dome-shaped fibrous
thickening on the dorsal aspect of the proximal inter-
phalangeal or metacarpophalangeal joints. They are fre-
quently associated with palmar and plantar fibromato-
sis. Microscopically this condition resembles palmar fi-
bromatosis, but there are no reports about knuckle pads
in recent radiological literature.

13.3.4 Extra-abdominal Desmoid Tumors

Extra-abdominal desmoids are rare soft tissue tumors
arising from connective tissue of muscle, overlying
fascia, or aponeurosis. They have also been described as
desmoid tumor, aggressive fibromatosis, or muscu-
loaponeurotic fibromatosis. The term “desmoid” means
band-like or tendon-like lesion [12].

The reported incidence of extra-abdominal des-
moids is between three and four cases per million annu-
ally. The peak incidence is between ages 25 and 40 years.
Although some authors report a predominance in
women of childbearing age [16, 33], men and women
are almost equally affected. Its cause is unknown, but
surgical or accidental trauma, pregnancy, and estro-
genic hormones are known associations.We have seen a
recurrent desmoid tumor demonstrating an important
increase in size (400%) during pregnancy, while most
desmoids regress after the menopause [74].

The localization of a large number of extra-abdomi-
nal desmoids at the lateral aspect of the shoulder and
the buttocks supports the idea of a posttraumatic etiol-
ogy.The notion of an inherited defect in connective tissue
formation is supported by some authors, and a genetic
basis for at least some desmoid tumors is suggested by
the familial Gardner syndrome, in which desmoid tu-
mors, bony osteomas, dermoids and epidermoids, and/or
nuchal fibromas coexist with abdominal wall desmoids,
mesenteric desmoids, and intestinal polyposis [1, 78].
Some authors have hypothesized that an underlying
mesenchymal defect may result in an imbalance in
growth factors, resulting in multiple proliferative dis-
eases, and may be responsible for the coexistence of des-
moids, gastrointestinal polyps, and breast cancer [66].

Extra-abdominal desmoids arise most commonly in
the lower limb or limb girdle and in the shoulder region.
In cases of lower limb localization, a preference for the
region of the sciatic nerve is reported [78]. Our own se-
ries consists of 30 extra-abdominal desmoid tumors in
26 patients. The localizations were as follows: head and
neck region (n=1), upper limb (n=4), trunk (n=6),
pelvis (n=8), and lower limb (n=11). Extra-abdominal
desmoids never metastasize but multicentric, synchro-
nous and metachronous presentation has been reported
[77, 82]. In this condition, second tumor localizations

generally develop proximally to the primary lesion. In
our series, 5 of 26 patients had multiple localizations.

Bone involvement is not uncommon and has been re-
ported in up to 37% of patients. In addition, primary in-
tramedullary, juxtacortical, and periarticular desmoids
are found, which are histologically indistinguishable
from soft tissue desmoids. In the same way, bone
desmoids can extend into the soft tissues just as soft tis-
sue desmoids can involve bone [13].

Microscopically, extra-abdominal desmoids consist
of elongated spindle-shaped cells (fibroblasts) of uni-
form appearance, surrounded and separated from each
other by varying amounts of collagen. Dense collagen is
found at the periphery, fibroblasts at the center [45].
Conversely, the center of the lesions may contain dense
collagen, whereas the periphery may be composed of fi-
broblasts [78]. In addition, myxoid change, focal hemor-
rhage, increased vascularity, and focal inflammation
may be seen [45]. Immunohistochemistry staining was
positive for actin, consistent with myofibroblastic dif-
ferentiation in extra-abdominal desmoid tumors [82]
Despite their benign microscopic appearance, extra-ab-
dominal desmoids have an aggressive behavior, which is
expressed as large tumoral growth, infiltration of neigh-
boring tissues, and a high incidence of postsurgical
recurrence (between 25% and 68%). Most recurrent
tumors have a different behavior and morphology. In
our series they show an increased frequency of extra-
compartmental spread, grow considerably faster than
primary tumors, and have a tendency to invade bone
more frequently.

In a retrospective study of 138 patients with extra-ab-
dominal desmoids, 11 died as a consequence of locally
uncontrolled tumor growth [65]. Kim [40] has retrospec-
tively analyzed the clinical records and MRI findings in
40 patients (8 juveniles, 32 adults) with proven desmoid
tumor. In his series, recurrences in the juvenile patients
were more often multiple (50% versus 12%) and ap-
peared significantly earlier than in the adult patients.

On ultrasound scans, extra-abdominal desmoids may
be well defined or poorly defined and may show vari-
able echogenicity because of variable degrees of cellu-
larity, matrix water content, and collagen. In many cas-
es, marked shadowing from the surface of the lesion, a
result of the large amount of dense collagen tissue in the
tumor, totally obscures the mass [22].

Because of the variability in tumor composition, the
lesions have variable attenuation and enhancement on
CT scans [2]. Duda has reported that extra-abdominal
desmoids are iso- or hypodense relative to muscle and
enhance to 100–110 HU after injection of iodinated
contrast material [14].

On MR images, the appearance of extra-abdominal
desmoids varies [12, 64]. There are remarkable differ-
ences in shape in various patients as well as in different
locations in a given patient with multicentric extra-ab-
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gen. On both spin-echo sequences, but predominantly
on T2-weighted images, extra-abdominal desmoids are
inhomogeneous, mostly with higher SI in the central
part (cellular) than at the periphery (collagenous) [33,
45] (Figs. 13.13–13.16).

After a retrospective study of 36 patients with histo-
logically proven extra-abdominal desmoids, Hartman
et al. have concluded that on MR images, the desmoids
showed inhomogeneous SI (97%), poor margination
(89%), neurovascular involvement (58%), and bone in-
volvement (37%). Fibrosis was present in 88% of prima-
ry desmoids and 90% of recurrent lesions, and interme-
diate SI (greater than that of muscle and lower than that
of fat) was present in 75% and 50% of these, respective-
ly [32].

dominal desmoids. Likewise, for a given lesion, shape
may vary on follow-up examinations. The infiltrative
pattern is significantly more common in juvenile pa-
tients (63%), whereas the nodular pattern is more fre-
quent in the adult patients (81%) [40]. In our series, the
shape of the lesions was fusiform-ovoid or dumbbell,
and irregular or stellate when located in the subcutis
(Fig. 13.12). The mean maximum diameter was 72 mm.

In the reported cases, extra-abdominal desmoids ap-
pear hypo- or isointense to muscle on spin-echo T1-
weighted images. SI on T2-weighted images is mostly
intermediate, although very low and extremely high sig-
nal intensities have been noted occasionally. Low-SI,
patchy, linear or curvilinear areas on T2-weighted im-
ages correspond to hypocellular tissue and dense colla-
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Fig. 13.12Ia, b. Desmoid of the upper arm (a) in a 23-year-old
woman and (b) in a 44-year-old woman. a Axial spin-echo T1-
weighted MR image. b Axial spin-echo T1-weighted MR image af-
ter gadolinium contrast injection. In the first patient there is a stel-
lar, infiltrating lesion within the subcutaneous fat of the deltoid re-
gion in close contact with the adjacent muscle fascia (a). In the
second patient there is a stellar, nodular infiltrating lesion within
the subcutaneous fat of the deltoid region. The fat plane between
the lesion and the adjacent muscle fascia is blurred (b). These two
cases of superficial, stellar desmoid in the deltoid region with infil-
tration of neighboring fat and muscle fascia illustrate the charac-
teristic shape and location of superficial aggressive fibromatosis

Fig. 13.13Ia, b. Desmoid of the forearm in a 71-year-old man.
a Axial spin-echo T1-weighted MR image. b Axial spin-echo T2-
weighted MR image. On the T1-weighted image, there is a large
mass at the volar aspect of the forearm adjacent to the in-
terosseous membrane, with a rim of low signal intensity at the pe-
riphery of the lesion (a). On the T2-weighted image, the peripher-
al rim remains hypointense while the central part is of higher sig-
nal intensity (b). This case illustrates a pattern of natural evolution
where dense collagen is responsible for low signal intensity at the
periphery of the lesion on all pulse sequences

a

b
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b
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Fig. 13.14Ia, b. Desmoid of the calf in a 23-year-old man. a Sagittal
spin-echo T2-weighted MR image. b Sagittal spin-echo T1-weight-
ed MR image after gadolinium contrast injection. On the T2-
weighted image, there is a polylobular mass with central areas of
low signal intensity within each nodule and presence of a low sig-
nal-intensity capsule around the lesion (a).After contrast injection
there is marked enhancement of the peripheral zones without en-
hancement of the central scar-like areas (b). This case of deeply
seated juxtacortical desmoid (adjacent to the dorsal aspect of the
tibial cortex) illustrates another pattern of natural evolution
where collagen is found in the center and less collagenous parts at
the periphery of the lesion. Furthermore, it illustrates a frequent
finding that areas of higher signal intensity on T2-weighted im-
ages enhance after gadolinium administration, whereas areas of
low signal intensity on T2-weighted images do not enhance and
remain hypointense on all pulse sequences

a b

Fig. 13.15Ia–f. Two cases of desmoid, one located at the hamstrings
(a–c), and the other at the left serratus muscle (d–f). a Axial spin-
echo T1-weighted MR image. b Axial spin-echo T2-weighted MR
image with fat suppression. c Axial spin-echo T1-weighted MR im-
age, after gadolinium contrast injection. d Coronal spin-echo T1-
weighted MR image. e Axial turbo spin-echo T2-weighted MR im-
age with fat suppression. f Coronal spin-echo T1-weighted MR im-
age after gadolinium contrast injection. The first case is an old,
mature desmoid which has low SI on all pulse sequences (a, b) and
does not enhance after contrast injection (c). The second case shows
an ill-defined lesion, isointense to muscle on the T1-weighted image
(d) and with a variable, mostly high SI on the T2-weighted image
(e). In contrast with the first case, there is now a marked enhance-
ment after gadolinium injection (f). These two cases demonstrate
tumors of different age with different degrees of vascularity and col-
lagen deposition having different features on MR images

a b c
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(n=3) distribution within the lesion. Two cases with
central low-intensity areas also show a low-SI peripher-
al band. The low-SI areas mostly comprise 0–20% of the
lesion (n=14).

There are few reports regarding the use of contrast
agents in extra-abdominal desmoids. In our series, all
desmoid tumors showed a moderate to strong enhance-
ment on spin-echo Gd T1-weighted images, except for
the areas of low SI on T2-weighted images, which re-

In our personal study of 30 desmoid tumors, MR sig-
nal characteristics were variable. On T1-weighted im-
ages, lesions were usually almost homogeneous or ho-
mogeneous (n=25). The overall SI was rated as equal to
SI of muscle in 21 cases. The SIs on T2-weighted images
mostly were heterogeneously distributed (n=24), with
an overall SI slightly lower than (n=15) or equal to
(n=8) fat. Hypointense areas were mostly curvilinear to
irregular and may have a central (n=4) or peripheral
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Fig. 13.16 Ia–d. Four different cases 
of desmoid tumor showing their most 
characteristic feature, i.e., nonhomogeneity
and low SI on T2-weighted MR images

a
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mained unenhanced. Enhancement was more pro-
nounced in the areas of high SI on spin-echo T2-weight-
ed images. As a result, inhomogeneity was even better
demonstrated on spin-echo Gd T1-weighted images
(Figs. 13.12, 13.14, 13.15). On follow-up examinations,
the inhomogeneous pattern of contrast enhancement
became more evident and paralleled the changes in SI
noted on spin-echo T2-weighted images.

In cases of multicentric presentation, the distal lesion
tended to be more heterogeneous and hypointense on
T2-weighted images than the proximal one. Since the
low SI of extra-abdominal desmoids on spin-echo T2-
weighted images is thought to be a consequence of an
increased amount of collagen, we presume that in these
cases the distal localization is more collagenous than
the proximal one.

On follow-up MR examination, the distal lesions
showed a tendency to shrink, as may be concluded from
their size and progressive serration of their borders. In
contrast, the proximal lesions increased with time and
became more convex. Moreover, during follow-up ex-
amination, the extent of the hypointense areas in the
distal lesions increased, and this was associated with a
further decrease in SI on spin-echo T2-weighted im-
ages.

The same phenomenon has been described by Feld in
a patient with multicentric involvement in which a
gluteal lesion manifested low SI on T2-weighted images,
whereas a lesion in the psoas muscle showed heteroge-
neous, increased SI on T2-weighted images. Histological
examination of the gluteal lesion revealed dense col-
lagenous bundles, with cellular areas comprising less
than 20% of the tumor, while the lesion in the psoas
muscle showed less collagenization and a more pro-
nounced cellularity [19].

The amount of collagen in a given lesion may be re-
flected by SI on spin-echo T2-weighted images. This
correlation between amount of collagen and SI on spin-
echo T2-weighted images suggests that older localiza-
tions of extraabdominal desmoids (mature fibromato-
sis) show an increase in collagen that suggests progres-
sive fibrosis, while, in cases of multicentric presentation,
the proximal lesion seems to be less collagenous com-
pared with the distal one (Fig. 13.17).

The relationship between cellularity and SI on T2-
weighted images, as described by several authors [14,
19], could not be confirmed in our own series. Subtle
changes in cellularity cannot explain substantial vari-
ance in SI on T2-weighted images, and, although there is
a difference in cellularity between young and older
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Fig. 13.17Ia–c. Desmoid of the popliteal fossa in a 28-year-old
woman. a Sagittal spin-echo T1-weighted MR image after gadolin-
ium contrast injection (January 1989). b Sagittal spin-echo T1-
weighted MR image after gadolinium contrast injection (Novem-
ber 1991). c Sagittal spin-echo T1-weighted MR image after
gadolinium contrast injection (April 1994). The MRI examination
from 1989 shows a large, dumbbell-shaped mass in the popliteal
fossa with marked, nonuniform enhancement of 80% of the lesion
(a). In 1991, the proximal part of the mass had increased in size,
while the size of the distal part had decreased. Limited areas (20%

of the lesion) of enhancement in the proximal part and no en-
hancement in the distal part (b). On the image from MRI per-
formed in 1994, there is no further change in tumor size. Except for
two small enhancing nodules within the top of the proximal lesion
(5% of the lesion), the whole mass remains hypointense after con-
trast injection (c). This case illustrates the natural evolution of a
primary desmoid tumor over a period of 6 years, showing the
proximal migration of the lesion and the gradual decrease in en-
hancing cellular areas, together with an increase in nonenhancing
collagenous components
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desmoids and between primary and recurrent ones, the
overall cellularity of desmoids is low. Differences in SI
between different tumor components, between asyn-
chronous multicentric desmoids, and between primary
and recurrent desmoids will therefore be a consequence
of a combination of variability in cellularity, amount 
of collagen, water content of the extracellular space,
myxoid substance, and vascularity.

Periarticular desmoid tumors have to be differentiat-
ed from other lesions with low SI on T2-weighted im-
ages, such as pigmented villonodular synovitis, giant
cell tumor of the tendon sheath, hemorrhagic synovitis,
and hemophilic arthropathy [88]. Differential diagnosis
of subcutaneous desmoids includes other superficial fi-
bromatoses, such as nodular fasciitis, injection granulo-
mas, granuloma annulare, pentazocine-induced myopa-
thy with subcutaneous fibrosis, and postsurgical fibrosis
[10, 80].

13.3.5 Abdominal Fibromatosis 
(Abdominal Desmoids)

Abdominal desmoids are rare fibroblastic lesions com-
monly found within the musculoaponeurotic fascia of
the anterior abdominal wall, especially of the rectus and
oblique external muscles. Occasionally they grow eccen-
trically and present as an intra-abdominal tumor.
Seventy percent of cases occur in patients between the
second and fourth decades, and they are common in
women. There is a definite relationship with pregnancy
(during or after), abdominal surgery, and trauma. It has
been postulated that these tumors are estrogen sensi-
tive. Abdominal desmoids may occur as isolated lesions
or may be seen as a manifestation of Gardner syn-
drome.

Abdominal desmoid tumors are well-defined lesions,
5–15 cm in diameter, and in rare cases contain calcifica-
tions, necrotic or cystic changes, or hemorrhagic com-
ponents. If they originate in the rectus muscle they do
not cross the midline of the abdomen. On CT scans,
most abdominal desmoids are well defined and homo-
geneous and appear isodense or slightly hypodense
with respect to muscle. If lesions are hyperdense, this is
due to the high density of abundant collagen and the
rich capillary network [16]. The majority of lesions are
either isodense or hyperdense when compared with
muscle on contrast-enhanced scans.

On MR images, tumors show nonspecific high SI on
T2-weighted images, while low-SI areas on T2-weighted
images probably represent abundant fibrous tissue [36]
(Fig. 13.18). Despite adequate resection with clear histo-
logical margins, the recurrence rate may be as high as
40%. Sifumba has reported a tumor recurrence during
pregnancy in an old scar 9 years after resection of a first
abdominal desmoid [76].

Chapter 13 Tumors of Connective Tissue 185

Fig. 13.18Ia–d. Abdominal desmoid in a 50-year-old woman (a, b)
and in a 22-year-old woman (c, d). a Axial spin-echo T1-weighted
MR image. b Axial turbo spin-echo T2-weighted MR image.
c Sagittal spin-echo T1-weighted MR image. d Sagittal spin-echo
T1-weighted MR image after gadolinium contrast injection. A
polylobular mass can be seen, isointense to muscle and with low
signal intensity septations on the T1-weighted image (a). On the
T2-weighted image, the lesion has a mixed, overall low signal in-
tensity (b). The second case involves the rectus muscle in a woman
in the postpuerperal period. On the T1-weighted image, there is a
well-delineated fusiform, inhomogeneous mass within the rectus
muscle, with signal intensity comparable with signal intensity of
muscle (c). The lesion demonstrates marked, nonuniform en-
hancement (d). These cases are illustrative of abdominal desmoids
with characteristic location, patient age, and time of onset (post-
puerperal)
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Fig. 13.19Ia–g.
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Nevertheless, collagenous fibromas are less cellular,
less vascular, and less infiltrative at their periphery and
as a consequence more mobile, better circumscribed,
and easier to remove than desmoids. Moreover they oc-
cur in older (more than 40 years old) patients. Differen-
tial diagnosis is essential to prevent overtreatment in
collagenous fibroma [63].

13.4 Fibrous Tumors of Infancy 
and Childhood

The following types of fibrous tumors of infancy and
childhood are recognized:
1. Fibrous hamartoma of infancy
2. Infantile digital fibromatosis
3. Infantile myofibromatosis
4. Juvenile hyaline fibromatosis
5. Gingival fibromatosis
6. Fibromatosis colli
7. Infantile (desmoid-type) fibromatosis 

(aggressive infantile fibromatosis)

The term “fibromatosis” is used for fibroblastic-myofi-
broblastic proliferations with the following characteris-
tics: (a) a tendency to invade surrounding tissues, (b) a
tendency to recur after incomplete resection, (c) ab-
sence of metastases, (d) in some fibromatoses, sponta-
neous regression, and (e) presentation with multifocal
tumors [15].

13.4.1 Fibrous Hamartoma of Infancy

Fibrous hamartoma of infancy is a solitary, benign,
painless, subcutaneous tumor occurring before the age
of 2 years and characterized by an organoid mixture of
three components: trabeculae of dense fibrocollagenous
tissue, areas of immature-appearing, small, rounded,
primitive mesenchymal cells, and mature fat. The lesion
occurs predominantly in males. The most common lo-
cations are the shoulder, axilla, and upper arm [17, 53].
There is a strong correlation between the imaging 
findings and the histological pattern showing fat and
fibrous tissue (Fig. 13.20).

13.3.6 Collagenous Fibroma
(Desmoplastic Fibroblastoma)

Collagenous fibroma commonly occurs in patients in
the fifth and sixth decades of life, more frequent in men
(75%). The tumor often manifests as a sharply demar-
cated, mobile, firm, solitary mass involving subcuta-
neous tissue, or skeletal muscle. The common locations
of the tumor are the arm, shoulder, and posterior neck
or upper back. The size of reported collagenous fibro-
mas range from 1 to 20 cm in the largest dimension.
Histologically, the tumors appear well marginated on
low-power examination. The tumor cells are relatively
bland stellate- and spindle-shaped fibroblastic cells sep-
arated by densely fibrous to fibromyxoid matrix. The
cellularity is low or very low, mitotic figures are very
rare or absent, and tumor necrosis is not seen. On MR
images collagenous fibroma shows areas of decreased SI
on T1- and T2-weighted images. Because both have a
high collagen content, similar findings have been de-
scribed in desmoid tumors (Fig. 13.19).
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Fig. 13.19Ig. Two cases of collagenous fibroma, one in the subcutis
(a–d) and a second in the vastus muscle (e–g). a Axial spin-echo
T1-weighted MR image. b Axial spin-echo T1-weighted MR image
with fat suppression. c Axial spin-echo T1-weighted MR image, af-
ter gadolinium contrast injection. d Axial spin-echo T2-weighted
MR image. e Axial spin-echo T1-weighted MR image. f Axial spin-
echo T2-weighted MR image. g Axial spin-echo T1-weighted MR
image, after gadolinium contrast injection. Morphology and MR
presentation doesn’t allow differentiation between collagenous 
fibroma and extra-abdominal desmoid

g
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13.4.2 Infantile Digital Fibromatosis – 
Inclusion-Body Fibromatosis

In infantile digital fibromatosis, single or multiple fibro-
matous lesions arise from the fingers and toes, affecting
predominantly the dorsolateral aspect of the distal
parts of adjacent digits. This rare entity mostly develops
in patients under the age of 3 years, and histological
examination typically reveals intracytoplasmatic inclu-
sion bodies [37].

13.4.3 Infantile Myofibromatosis

Infantile myofibromatosis, also called congenital multi-
ple or diffuse fibromatosis, is a rare mesenchymal disor-
der in newborns and infants, which is characterized by
solitary or multiple nodular foci of myoblastic and fi-
broblastic tissue in the skin, musculoskeletal system,
and visceral organs. The condition is also known as
multiple mesenchymal hamartomas or multiple vascu-
lar leiomyomas of the newborn, and infantile heman-
giopericytoma. Its etiology is unknown, although famil-
ial occurrence of the disease has been noted.

According to the anatomical distribution of the my-
ofibroblastic lesions, two types of infantile myofibro-
matosis can be distinguished, each with a different clin-
ical course. The first (solitary) type is limited to soft tis-
sue and bone and has an excellent prognosis, since
spontaneous regression with complete resolution of the
lytic bone lesions may occur. It is mostly found in boys.
Most solitary myofibromas occur in cutaneous/subcu-
taneous tissues of the head and neck region. The second
(multicentric) type shows widespread visceral involve-
ment, mainly of the lungs, myocardium, and gastroin-
testinal tract. This type of myofibromatosis is almost al-
ways lethal in early life. It is mostly found in girls [84].

Subcutaneous nodules are usually firm and encapsu-
lated, and frequently contain calcifications. They are the
most common manifestations of infantile myofibro-
matosis and are easily detectable at birth. Tumors mea-
sure from less than 1 cm to a few centimeters in diame-
ter. They contain foci of hemorrhage, cystic degenera-
tion, necrosis, calcification, ossification, and fat [15].
Histologically nodular lesions consist of fusiform spin-
dle cells and cells of intermediate differentiation be-
tween fibroblasts and smooth muscular cells, called
myofibroblasts. Immunocytochemical staining is posi-
tive for vimentin and smooth muscle actin, and negative
for desmin.

Plain films and CT scans show a low-density soft tis-
sue tumor developing within muscle or subcutaneous
tissue and containing calcifications (Fig. 13.21). After
contrast injection, there is a homogeneous enhance-
ment [6]. Eich [15] describes the MR appearance of in-
fantile myofibromatosis: they are isointense to muscle
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Fig. 13.20Ia, b. Fibrous hamartoma in a 6-month-old boy. a Coro-
nal spin-echo T1-weighted MR image. b Axial spin-echo T2-
weighted MR image. On the T1-weighted image, the lesion pre-
sents as an ill-defined, inhomogeneous mass of intermediate sig-
nal intensity within the subcutaneous tissue of the ventral aspect
of the left thigh (a). On the T2-weighted image, the lesion is spider-
like, with low to intermediate signal intensity (b). MRI demon-
strates the histological composition with fatty and fibrous parts

a

b
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nosis of multiple myofibromas should include fibrous
dysplasia, neurofibromatosis, and lymphangiomatosis;
while solitary myofibroma should include traumatic
myositis ossificans, juvenile aponeurotic fibroma, and
soft tissue chondroma [79].

13.4.4 Juvenile Hyaline Fibromatosis

Juvenile hyaline fibromatosis is a rare condition that is
thought to be a mesenchymal dysplasia, showing multi-
ple subcutaneous tumors, hypertrophic gingiva, and
flexion contractures of the extremities. Calcifications in
soft tissue tumors, scoliosis, marked osteopenia, well-
defined osteolytic lesions and cortical defects in tubular
bones, severe acro-osteolysis, and destruction of epi-
physes of the long bones are also reported (Fig. 13.22).
This autosomal, recessive condition is reported in chil-

on T1-weighted images, hyperintense to muscle on T2-
weighted images, and strongly enhancing after contrast
injection. Some of the lesions in his series show a char-
acteristic target-sign appearance on MR images, the
center of these lesions being mildly hyperintense on T1-
weighted images and nonenhancing. Recently Koujouk
[44] has described MR findings in six cases consisting of
low SI on T1-weighted MR images, target appearance
with high- or low-SI center on T2-weighted MR images,
and peripheral enhancement after contrast administra-
tion. Skeletal involvement is seen in the skull, spine,
chest, shoulder girdle, pelvis, and extremities. Within
the tubular bones, lesions are located predominantly in
the metaphyseal region, centrally or eccentrically. Le-
sions are lytic, sharply marginated, and sometimes ex-
pansile. Although a characteristic radiological appear-
ance of widespread lytic bone lesions associated with
calcified soft tissue nodules is noted, differential diag-
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Fig. 13.21Ia–d. Infantile myofibromatosis in a 10-month-old boy.
a Ultrasound. b Radiograph of the pelvis, anteroposterior view.
c, d Radiographs of both legs. On an ultrasound scan (a) there is a
solid, echoic oval mass with a small central hyperechoic focus sug-
gesting calcification (arrow). Radiography of the pelvis (b) reveals
a calcification in the soft tissue lateral to the left acetabulum (ar-
row). There are symmetrical, multiloculated osteolytic lesions in
both proximal femora and ischial bones. The lesions are sharply
defined and have sclerotic margins. Radiographs of both legs (c, d)
show multiple, rounded and ovoid, lytic metaphyseal lesions in the

femur, tibia, and fibula bilaterally. They all have an intracortical lo-
calization and sclerotic margins. The lesion in the proximal left
fibula is slightly expansile. In this case, the age of the patient and
the coexistence of bone and soft tissue lesions are indicative of in-
fantile myofibromatosis. Follow-up demonstrated spontaneous re-
gression and even disappearance of the lesions. (By courtesy of
W.G. Wassenaar, Afdeling Radiodiagnostiek, Academisch Zieken-
huis Nijmegen St. Radboud, Geert Grooteplein 18, Postbus 9101,
6500 HN Nijmegen, The Netherlands [84])

a
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dren of consanguineous parents, and clinical onset
occurs between 2 months and 4 years of age. Subcuta-
neous nodules are slow growing and may reach a large
size, producing great deformities. Surgical excision is
often followed by tumor recurrence.

Histologically the lesion is characterized by the pres-
ence of hyaline substance in the tumoral connective tis-
sue. Diagnosis is confirmed by electron-microscopic ex-
amination [28]. On MR images the lesions are bright on
T2-weighted images, most likely reflecting the hyaline
matrix which is characteristic of the lesions (Fig. 13.23).
MRI may be a significant diagnostic aid, as other fibro-

matosis syndromes have nodules that are of low signal
on T2-weighted images [38].

13.4.5 Fibromatosis Colli

Fibromatosis colli is a peculiar growth of the sternoclei-
domastoid muscle that appears within the 1st weeks of
life and is often associated with torticollis. It occurs in
0.4% of newborns. There is a marked male predomi-
nance. It remains unclear whether the fibroblastic pro-
liferation is reparative or neoplastic. Although there is a
history of breech or complicated delivery in more than
4% of the cases, microscopic appearance of the lesion
differs from that of proven cases of organizing hema-
toma, and there is also very little demonstrable hemo-
siderin within it. Vascular impairment as the result of
prolonged venous stasis or ischemia during labor is an-
other possible cause. Nevertheless there is a clear asso-
ciation with other musculoskeletal developmental ab-
normalities that are associated with abnormal intrau-
terine positioning, including forefoot anomalies and
congenital hip dislocation [20].

Clinically the lesion manifests between the 2nd and
4th week of life as a firm mass of 2–3 cm diameter lying
within the lower portion of the sternocleidomastoid
muscle. Initially it grows rapidly, but after a few weeks
or months, growth comes to a halt. Later it begins to
regress and may disappear after a period of 1 or 2 years.
It never recurs and at no time does it behave aggressive-
ly. During the initial growth period, torticollis occurs in
40% of all cases and usually is mild and transient.

Microscopically the sternocleidomastoid muscle is
partially replaced by a fibroblastic process of varying
cellularity without pleomorphism or mitotic activity.
Residual degenerated muscle fibers are intimately
mixed with proliferated fibroblasts. Long-standing le-
sions may show a lower degree of cellularity and a
greater amount of stromal collagen [17].

On ultrasound scans, the mass within the belly of the
sternocleidomastoid muscle is spindle shaped and may
be hyperechoic (50%), isoechoic, or hypoechoic relative
to normal muscle. The echotexture may be homoge-
neous (50%) or heterogeneous (50%). The mass is sur-
rounded by a hypoechoic rim in 90% of cases [1]. Ultra-
sound is the method of choice for follow-up of fibro-
matosis colli (Fig. 13.24b) [9]. On CT scans, fibromatosis
colli appears as a focal or diffuse isodense enlargement
of the sternocleidomastoid muscle with or without
mass effect (Fig. 13.24a). On MR images fibromatosis
colli may present with a slightly increased SI on T2-
weighted images compared with normal muscle
(Fig. 13.24c, d) or with a slightly decreased SI on T2-
weighted images consistent with the presence of some
fibrous tissue [1]. Imaging findings that are not charac-
teristic of fibromatosis colli are: mass extending beyond
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Fig. 13.23. Juvenile hyaline fibromatosis in a 9-year-old girl with
multiple palpable nodules throughout the body and severe scolio-
sis. Axial spin-echo T2-weighted MR image of the trunk Presence
of two large subcutaneous masses showing extremely high signal
intensity on the T2-weighted image. In this case of juvenile hyaline
fibromatosis, the bright signal on the T2-weighted image is consis-
tent with the presence of hyaline matrix. (Reproduced from [38],
with permission)

Fig. 13.22. Juvenile hyaline fibromatosis in a 36-year-old woman.
Radiograph of the hands. There are multiple, calcified soft tissue
nodules and expansile osteolytic lesions in the tubular bones, with
marked deformation of the wrists and small joints. Severe acro-
osteolysis. (Reproduced from [28], with permission)
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cases occur, particularly as part of Gardner syndrome
[15]. If bony lesions coexist they are purely lytic lesions
with an aggressive appearance [86].

Although histologically benign, the lesion tends to
gradually infiltrate soft tissues (skin, subcutaneous tis-
sues, muscles, and even tendons, nerves, and blood ves-
sels) and adjacent bone – hence the terms aggressive ju-
venile fibromatosis, juvenile or infantile fibrosarcoma,
congenital fibrosarcoma, desmoplastic fibrosarcoma of
infancy, and medullary fibromatosis of infancy [73].
These terms are used for all fibroblastic tumors of in-
fancy that show an abundant number of cells and
prominent mitotic activity [86]. Aggressive infantile fi-
bromatosis is usually first detected at birth or within the
first 3 months of life. Col [8] has reported on the obser-
vation of a fetal tumor on antenatal echography which
was diagnosed after birth as aggressive fibromatosis of
the trunk. There is no sexual predilection. The condi-
tion occurs most frequently in the skeletal muscle or in
adjacent aponeuroses of the extremities in the head and
neck, shoulder and upper arm, and the thigh. A case of
aggressive infantile fibromatosis of the thigh which sub-
sequently metastasized to the lungs has been reported
by Shankwiler [73].

the margins of the sternocleidomastoid muscle, poor
definition of the surrounding fascial planes and/or mass
associated with adenopathy, bone involvement, in-
tracranial or intraspinal extension, vascular encase-
ment, and airway compression. If essential clinical and
radiological features of fibromatosis colli are present,
recognition of this entity by medical imaging can pre-
vent unnecessary diagnostic and therapeutic maneu-
vers [9].

13.4.6 Infantile (Desmoid-Type) Fibromatosis

Infantile (desmoid-type) fibromatosis represents the in-
fantile variety of musculo-aponeurotic desmoid-type of
fibromatosis. Infantile fibromatosis may occur in bone,
in soft tissues or in a generalized form (soft tissues, vis-
cera, and bone) Lesions mostly occur in the head and
neck region. They appear as nodular, rounded, or oval
masses with well-defined margins or as more infiltra-
tive, permeative lesions with indistinct borders extend-
ing to encase adjacent neurovascular structures and
bone [41]. Most lesions are unifocal at presentation;
when multifocal they also show intra-abdominal mesen–
teric and retroperitoneal spread and ascites. Familial
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Fig. 13.24Ia–d. Fibromatosis colli in a 1-day-
old boy (a) and a 7-week-old girl (b–d) pre-
senting clinically with torticollis. a CT scan.
b Ultrasound of the left sternocleidomastoid
muscle. c Coronal spin-echo T1-weighted
MR image. d Axial turbo spin-echo T2-
weighted MR image. CT scan showing over-
all enlargement of the left sternocleidomas-
toid muscle, without obvious change in at-
tenuation (a). On ultrasound scans, there is 
a fusiform mass in the distal part of the
muscle. The mass is hyperechoic and 
lacks muscle fiber structure (b). On the 
T1-weighted image, there is a fusiform 
enlargement of the left sternocleidomastoid
muscle (c), while on the T2-weighted image
the lesion is less homogeneous and predom-
inantly of high signal intensity (d). Charac-
teristic age, location, and shape of a fibroma
colli a b

c d
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Microscopically, two patterns can be distinguished
that reflect progressive stages in the differentiation of fi-
broblasts. The immature type is composed of cells
which are intermediate in appearance between primi-
tive mesenchymal cells and fibroblasts, and are associat-
ed with a dense meshwork of reticulin fibers and con-
siderable amounts of mucoid material. The mature type
is composed of more mature fibroblasts associated with
varying amounts of collagen. It closely resembles adult
musculo-aponeurotic fibromatosis. Aggressive juvenile
fibromatosis lesions are hypercellular and composed of
pleomorphic, mitotically active, spindle-shaped fibro-
blasts arranged in a herringbone pattern [73].

Only a few cases of infantile fibromatosis have been
reported with uncharacteristic appearance on ultra-
sound and CT scans, i.e., homogeneous and hypoechoic
on ultrasound, and homogeneous, hyper-, or isodense
with respect to muscle on precontrast CT scans, enhanc-
ing after contrast administration [51]. Extensive ossifi-
cation within an infantile fibromatosis is a rare finding,
which has been described by Fromowitz [26].

The variable MR imaging signal characteristics of in-
fantile desmoid fibromatosis reflect differences in com-
position, especially cellularity, fibrous tissue content,
and the presence of myxomatous degeneration. Most
desmoid tumors are heterogeneous soft-tissue lesions
of intermediate SI (between those of muscle and fat).
Lesions may be hypointense, isointense, or, occasionally,
marginally hyperintense with respect to muscle signal
on T1-weighted images and of mixed, predominantly
high signal (greater than that of muscle but usually less
than that of fat) on T2-weighted images. Zones of low SI
are often seen on both T1- and T2-weighted images. The
difference in T2-weighted SI appears to be determined
by the degree of cellularity rather than the amount of
collagen present in the lesion (Fig. 13.25).After IV injec-
tion of Gd contrast, tumors may show homogeneous,
inhomogeneous, or no significant enhancement. No
relationship has been shown between the pattern of
enhancement and tumor recurrence.

13.5 Intermediate-Grade 
Fibromyoblastic Tumors

In the new WHO classification, this group contains the
extrapleural solitary fibrous tumor, inflammatory myo-
fibroblastic tumor, hemangiopericytoma, and infantile
fibrosarcoma.

13.5.1 Solitary Fibrous Tumor

Solitary fibrous tumor is a mesenchymal tumor of prob-
able fibroblastic type which shows a prominent, heman-
giopericytoma-like branching vascular pattern. It’s an
uncommon lesion observed in middle-aged adults
without sex predilection. It can be found at any location
of which 40% in the subcutaneous tissue. Most solitary
fibrous tumors are found at the pleura, face, and
meninges. It is mostly a large, well delineated, slowly
growing and painless mass. Histopathologically it con-
sists of a mixture of hypocellular and hypercellular ar-
eas separated from each other by thick bands of colla-
gen and branching, hemangiopericytoma-like vessels.
Malignant solitary fibrous tumors (10–15%) behave ag-
gressively and show histopathological features of hyper-
cellularity, cytological atypia, necrosis, numerous mi-
toses, and infiltrative growth.

On MR images, solitary fibrous tumors of the extrem-
ities have nonspecific features, i.e., inhomogeneous, low
to intermediate SI on T1-weighted images and inhomo-
geneous, intermediate to high SI on T2-weighted images
[3] (Fig. 13.26).
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Fig. 13.25Ia, b. Infantile fibromatosis in a 2-year-old boy. a CT
scan. b Axial turbo spin-echo T2-weighted MR image. Slowly
growing mass in the right gluteal region, with uncharacteristic CT
attenuation (a). Note the atrophy of adjacent gluteal muscles. On
the T2-weighted image, the lesion is of mixed, overall low signal
intensity. While the lesion is nonspecific on CT scan, it has a char-
acteristic low signal intensity on the T2-weighted MR image as a
consequence of its high collagen content

a
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commonly occur in middle-aged adults, with an appar-
ent female predominance. The pelvis and retroperi-
toneum are the most frequent locations.

Histopathologically hemangiopericytoma closely re-
sembles solitary fibrous tumor, albeit with the consis-
tent presence of numerous, variably ectatic or com-
pressed, thin-walled branching vessels, often having a
staghorn configuration [20].

13.5.2 Hemangiopericytoma

Hemangiopericytoma is a slow growing tumor of inter-
mediate grade of malignancy that never metastasizes
(Fig. 13.27). The term is used to encompass a wide vari-
ety of neoplasms which have in common the presence of
a thin-walled, branching vascular pattern. They most
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Fig. 13.26Ia–c. Solitary fibrous tumor. a Coronal spin-echo T1-
weighted MR image. b Coronal spin-echo T2-weighted MR image.
c Coronal spin-echo T1-weighted MR image, after gadolinium
contrast injection. Mass lesion in between the left sternocleido-

mastoid muscle and deep cervical muscles, presenting with low to
intermediate SI on both T1- (a) and T2-weighted (b) MR images
and with marked enhancement after contrast administration (c)

a b c

Fig. 13.27Ia, b. Hemangiopericytoma of the right popliteal fossa.
a Sagittal T1-weighted MR image. b Sagittal T1-weighted MR im-
age after gadolinium contrast injection. An oval, largely homoge-

neous lesion is seen lying superficial to the major vessels. There is
no invasion of the subcutis (a). After contrast administration, a
strong enhancement of the mass is seen (b)

a
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13.5.3 Inflammatory Myofibroblastic Tumor

It is a distinctive lesion, primarily a visceral and soft tis-
sue tumor of children and young adults, composed of
myofibroblastic spindle cells accompanied by an in-
flammatory infiltrate of plasma cells, lymphocytes and
eosinophils. All body parts can be affected and they de-
termine the symptoms of inflammatory myofibroblastic
tumor [20]. Lung, mesentery omentum, and orbits are
the most common sites.

Findings of a mass lesion are frequently in associa-
tion with fever, weight loss and pain. Imaging studies
reveal a lobulated, solid mass which can be inhomo-
geneous. Intralesional calcifications are described.

In our own series we have one case of an inflammato-
ry myofibroblastic tumor located in the subcutis with
infiltration of the underlying fascia. The lesion is ill de-
fined with nonspecific MR features, i.e., low SI on T1-,
and high SI on T2-weighted MR images and peripheral
enhancement after contrast administration.

13.5.4 Infantile Fibrosarcoma

Infantile, congenital or juvenile fibrosarcoma is a rare
childhood malignancy (3% of all childhood tumors) of
mesodermal origin. (Fig. 13.28) For some authors [17],
infantile fibrosarcoma is a distinct lesion, while for
others [73, 81] it cannot be differentiated from the ag-
gressive infantile type of fibromatosis described above.
It usually presents at birth or during the first year of life.
Prenatal diagnosis is likely to increase with the advent
of routine antenatal ultrasound. There is no sex prepon-
derance. The superficial and deep soft tissues of the ex-
tremities, especially distally, are the most common sites,
accounting for 61% of cases overall. [20] It tends to show
a rapid increase in size and distant metastasis may occur
in 8% of cases [34]. Infantile cases are often grotesquely
large in proportion to the size of the child [20] Adjacent
bone may show some deformity with cortical thickening
and failure of normal tubulation. Large tumors may
cause bone erosion, bowing, remodeling, or destruction.
Intratumoral ossification or calcification is rare.

Histologically, infantile fibrosarcoma is an undiffer-
entiated fibroblastic spindle cell tumor of intermediate
grade of malignancy, which is densely cellular, often in a
herringbone pattern with numerous mitoses and infil-
trative margins. Collagen formation is not prominent.
Cystic, myxoid, highly vascular, and necrotic tumor
components are often seen [34]. Histological descrip-
tion parallels that of an aggressive juvenile fibromatosis
(see Sect. 13.4.6). Tumors are isoechoic on US and mild-
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Fig. 13.28Ia–c. Infantile fibrosarcoma. a Axial spin-echo T1-
weighted MR image. b Axial turbo- T2-weighted MR image. c Axi-
al spin-echo T1-weighted MR image after gadolinium contrast in-
jection. Infantile fibrosarcoma at the right gluteal region present-
ing with nonspecific MR features, i.e., low SI on T1- (a), and
intermediate SI on T2-weighted images (b). There is moderate en-
hancement after contrast administration (c)

a
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ultrastructural examination are important tools for di-
agnosing fibrosarcoma and for differentiating fibrosar-
coma from nodular fasciitis, myxofibrosarcoma, muscu-
loaponeurotic fibromatosis, and other sarcomas. Recog-
nition of these lesions as specific tumors and entities is
responsible for the decline in the incidence of fibro-
sarcoma and for the overdiagnosis of fibrosarcoma in
earlier studies.

Clinically, fibrosarcoma presents as a slowly growing,
solitary, palpable mass with a diameter of 3–8 cm. It
may reach a large size before causing symptoms. The
lesion is most common between the ages 30 and 55 years,
and the incidence is slightly higher in women. The thigh
and the knee region are preferential localizations,
followed by the trunk, distal legs, and forearms. Less
than 5% present in the head and neck [29]. Deep fibro-
sarcomas originate from the intramuscular and inter-
muscular fibrous tissue, fascial envelopes, aponeuroses,
and tendons. They may cause periosteal and cortical
thickening, and rarely demonstrate intralesional calci-
fications or ossifications. Superficial or subcutaneous

ly hypodense on plain CT. On MR, they appear isoin-
tense on T1-weighted images and hyperintense on T2-
weighted images. There is an heterogeneous enhance-
ment pattern with low SI areas, both centrally and in the
periphery of the lesions [15].

CT is useful in demonstrating the extent of the tumor
and the bony involvement, while disruption of soft tis-
sue planes is better shown on MR images. MRI has a role
in follow-up and early detection of local tumor recur-
rence. Use of Gd contrast agents may aid in differentiat-
ing between fibrosis and tumor recurrence [81].

13.6 Malignant Fibromyoblastic Tumors

13.6.1 Adult Fibrosarcoma

Adult fibrosarcoma is a malignant tumor composed of
fibroblasts with variable collagen production and her-
ring-bone architecture and is capable of recurrence and
metastasis [17]. Histologic, immunohistochemical, and
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Fig. 13.29Ia–f. Two cases of Fibrosarcoma (a–c, d–f). a Axial spin-
echo T1-weighted MR images. b Axial spin-echo T1-weighted MR
images after gadolinium contrast injection. c Axial spin-echo T2-
weighted MR images. d Axial spin-echo T1-weighted MR images.
e Axial spin-echo T1-weighted MR images after gadolinium con-
trast injection, with fat suppression. f Turbo spin-echo T2-weight-
ed MR images. In both cases lesions are nonhomogeneous and

isointense to muscle on T1-weighted MR images (a, d), they are
nonhomogeneous and of overall low SI on T2-weighted MR im-
ages (b, e) and enhance in a spoked-wheel pattern after contrast
administration (c, f). Large size and SIs are compatible with the 
diagnosis of fibrosarcoma. Good delineation and speckled areas 
of low SI do not allow differentiation from extra-abdominal
desmoids

a b c

d e f
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fibrosarcomas arise in tissues damaged by trauma, scar-
ring, heat (burns), or radiation.

Macroscopically, small fibrosarcomas are well de-
fined, while larger fibrosarcomas tend to be poorly de-
fined, grow in a diffusely invasive manner, and are often
multiloculated. Microscopically, fibrosarcomas have a
rather uniform or fasciculated growth pattern consist-
ing of spindle-shaped cells separated by interwoven
collagen fibers that are arranged in a parallel fashion.
Mitotic activity is a condition for diagnosis. Grading of
fibrosarcoma (well differentiated versus poorly differ-
entiated) is based on the degree of cellularity, cellular
maturity, the amount of collagen produced by the tu-
mor cells, and the presence of necrosis and/or intrale-
sional hemorrhage.

Low-grade fibrosarcoma (well differentiated) is de-
fined by sheets of uniform spindle cells with moderate
cellularity arranged in a herringbone pattern, mild nu-
clear pleomorphism, and only rarely mitoses. A collage-
nous stroma is usually present. High-grade lesions
(poorly differentiated) show greater nuclear pleomor-
phism, abundant cellularity, frequent mitotic activity,
and possible tumor necrosis. Despite the fact that
desmoids are characterized more by their localization
and that fibrosarcomas are larger in size, differentiation
between desmoids (representing more than 70% of tu-
mors of fibrous tissue) and fibrosarcomas (less than
5%) is difficult even on MR images (Figs. 13.29, 13.30).
Multicentric presentation of fibrosarcoma is a rare find-
ing which can hardly be differentiated from metastatic
fibrosarcoma (Fig. 13.31). The treatment of choice is
wide local excision. Simple excision of fibrosarcomas is
often followed by local recurrence.

Medical imaging literature about fibrosarcoma is
sparse and limited to case reports. In our series of soft
tissue tumors, we had nine cases of primary fibrosarco-
ma and two recurrent fibrosarcomas. The age range of
patients was between 16 and 77 years, with a mean age
of 47 years. In contrast to results reported in the litera-
ture, nine of ten patients were men. Nine lesions were
located on the lower limb, from the groin to the sole of
the foot. One patient presented with multiple bone and
soft tissue localizations. Diameters were between 2 and
27 cm (mean diameter, 12 cm).

All patients underwent MRI. Lesions were either 
homogeneous or inhomogeneous on both T1- and T2-
weighted images. Most lesions showed signal intensities
equal to those of muscle on T1-weighted images and
low-SI areas on a background of moderate to high SI on
T2-weighted images. T1-weighted images after Gd con-
trast were performed in nine patients. Ninety percent of
the lesion showed a marked, peripheral enhancement,
with a spoked-wheel appearance in three patients.
Nonenhancement of central tumor parts was not a con-
sequence of intratumoral necrosis. In only one case did
the nonenhancing central part correspond to an area of

high SI on T2-weighted images. Osseous involvement
was rare, being noted only once in the group of solitary
fibrosarcomas. The patient with multicentric fibrosar-
coma had numerous osteolytic osseous lesions and two
soft tissue nodules at the pelvic girdle (Fig. 13.31).
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Fig. 13.30Ia–c. Fibrosarcoma of the foot in a 34-year-old man.
a Sagittal spin-echo T1-weighted MR image. b Sagittal spin-echo
T1-weighted MR image after gadolinium contrast injection.
c Coronal spin-echo T2-weighted MR image. A large fusiform-
mass lesion is present at the foot deep to the plantar aponeurosis,
with involvement of the medial cuneiform bone. Overall signal in-
tensity on the T1-weighted image is low (a). The lesion shows
moderate enhancement, with a nonenhancing (necrotic?) nodule
at the distal part (b). On the T2-weighted image, the lesion is of
homogeneous high signal intensity (c). Age, location, and MRI
characteristics suggest a malignant tumor but do not allow further
histological typing

a
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masses are located in the subcutis; they commonly have
very infiltrative margins [59].A MFS lesion is defined as
low grade if 30% or more is of myxoid component, 20%
or less is solid area and only focal, 10% or less is tumor
necrosis [35]. Low-grade MFS occur more frequently in
a superficial location [62].

Histopathologically, a nodular growth pattern is
seen. The myxoid matrix contains elongated, curvilin-
ear, thin-walled capillaries, and fusiform, round or
stellate cells with slightly eosinophilic cytoplasm.
Low-grade lesions have a hypocellular, mainly myxoid

13.6.2 Myxofibrosarcoma

Myxofibrosarcoma (MFS), formerly known as myxoid
malignant fibrous histiocytoma, is a malignant fibrous
lesion that preferentially affects adults (mean age
66 years). It exhibits a slight male predominance. The
majority of patients present with a slowly enlarging and
painless mass. Most lesions (80%) arise in the extremi-
ties, and less frequently in the trunk, retroperitoneum,
head and neck, pelvis, and penis. Seventy percent of the
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Fig. 13.31Ia–d. Fibrosarcoma multiforme in a 50-year-old man.
a Radiographs of both femoral shafts. b Axial spin-echo T2-
weighted MR image at the level of the acetabulum. c Axial spin-
echo T2-weighted MR image at the level of the femoral heads. d
Coronal spin-echo T1-weighted MR image. On conventional radi-
ographs there are multiple, oval, purely osteolytic lesions in corti-
cal bone of both femora (a). On the T2-weighted image, there is a
rounded lesion within the left gluteus maximus muscle, consisting
of multiple lobules of high signal intensity, separated by septa of

intermediate signal intensity (b). On the T2-weighted image at the
level of the femoral heads, there is an inhomogeneous lesion with-
in the right femoral head, partly of high signal intensity. There is a
small, high-intensity soft tissue lesion in the gluteus maximus
muscle on the left side (c). On the coronal view, there are multiple
lesions of intermediate signal intensity at both femoral heads and
right greater trochanter (d). Coexistence of bone and soft tissue le-
sions is a rare finding in fibrosarcoma. Differentiation from
metastatic fibrosarcoma remains difficult even histologically

a

c
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aspect, whereas, in high-grade myxofibrosarcoma, high
mitotic activity, pleomorphism, and intratumoral
necrosis is seen [59].

Mentzel et al. describe local recurrences in 54% of
their cases (follow-up of 5–300 months) and metastases
in 17%. Neither the depth of the primary lesion nor the
histological grade influences the incidence of local re-
currence. However, because only intermediate- and
high-grade neoplasms metastasize, it is important to
recognize low-grade myxofibrosarcoma, because incor-
rect initial diagnosis and treatment may result in local
recurrence, with progression to a higher-grade lesion
that has the capability to metastasize [27, 59].

Imaging findings are sparsely reported. On ultra-
sound scans, a well-circumscribed hypoechoic mass is
seen. On T1-weighted MR images, the lesion is homoge-
neous and has intermediate SI [70]. T2-weighted images
reflect the myxoid content of low- and intermediate-
grade myxofibrosarcoma, the myxoid content being
inversely proportional to the cellularity and the grade 
of the tumor. High-grade myxofibrosarcoma is not 
easily distinguished from other adult pleomorphic sar-
comas as well histopathologically as on imaging [39]
(Fig. 13.32).

Low-grade myxofibrosarcoma may not be confused
with low-malignancy fibromyxoid sarcoma, another
myxoid mesenchymal sarcoma with fibroblastic differ-
entiation, which has – in contrast to low-grade myxofi-
brosarcoma – an indolent but ultimately malignant
clinical course [57, 58].

13.6.3 Fibromyxoid Sarcoma

Low-grade fibromyxoid sarcoma is a slow-growing, rare
neoplasm that preferentially affects young and middle-
aged adults (median age 45 years) (Fig. 13.33). Very oc-
casionally it affects children. Most lesions arise from the
deep soft tissues at the lower limb or thoracic wall, and
less frequently the groin, buttock, axilla, and retroperi-
toneum [18]. The majority of cases occur in a subfascial
location. They are often large at the time of diagnosis.

Histopathologically, the lesion is characterized by in-
termingled fibrous and myxoid areas, a whorled growth
pattern, and bland fibroblastic spindle cells. Cellularity
is low and mitotic figures are uncommon.

In contrast to low-grade myxofibrosarcoma, low-
grade fibromyxoid sarcoma has an aggressive clinical
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Fig. 13.32Ia–f. Two cases of myxofibrosarcoma. a Axial spin-echo
T1-weighted MR image. b Axial spin-echo T1-weighted MR image
after gadolinium contrast injection. c Axial short-tau inversion 
recovery MR image. d Axial spin-echo T1-weighted MR image.
e Axial spin-echo T1-weighted MR image after gadolinium con-
trast injection with fat suppression. f Coronal spin-echo T2-

weighted MR image: a first one at the left lower leg (a–c), a second
one at the left gluteal region (d–f). Both lesions are of low SI on T1-
weighted MR images (a, d), show septal and peripheral enhance-
ment after contrast administration (b, e) and are of very high SI on
T2-weighted MR images (c, f) due to abundant myxoid compo-
nents

a b c

fd e

13_DeSchepper_Tumors_of  15.09.2005  15:08 Uhr  Seite 198



within the thigh, some of these nodules showing a
target-like appearance. A second lesion was dumbbell-
shaped with invasive features. There was no intralesion-
al hemorrhage or necrosis.[43].Two high-grade fibro-
myxoid sarcomas in our series showed a pseudocystic
appearance on MR images, i.e., low SI on T1-, high SI on
T2-, and only faint, capsular enhancement on Gd con-
trast T1-weighted images.(Fig. 13.33).

course characterized by multiple recurrences and with
the potential for metastasis to lungs and occasionally to
bone. However, recent series show recurrences, metas-
tases, and death from disease in only 9%, 6%, and 2% of
patients, respectively. [21, 31].

Imaging features of low-grade fibromyxoid sarcoma
are sparsely reported. Koh has reported on two patients
with intralesional nodules, one with a large, ovoid mass
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Fig. 13.33Ia–f. Two cases of fibromyxoid sarcoma (a–c, d–f). a Ax-
ial spin-echo T1-weighted MR image. b Axial spin-echo T2-
weighted MR image. c Sagittal spin-echo T1-weighted MR image
after gadolinium contrast injection with fat suppression. d Axial
spin-echo T1-weighted MR image. e Axial spin-echo T1-weighted
MR image after gadolinium contrast injection. f Axial spin-echo

T2-weighted MR image. Both have similar MRI features. Both le-
sions are of very low SI on T1-weighted MR image (a, d), of very
high SI on T2-weighted MR image (b, c) and show only minimal
capsular enhancement after contrast administration (c, f). MR
findings reflect the high content of myxoid tissue of both tumors
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13.7 Strategy

Because they frequently have a characteristic localiza-
tion and age at presentation (childhood or midlife), tu-
mors of fibrous tissue are diagnosed clinically and not
by means of medical imaging. Clinical suspicion may be
confirmed by ultrasound, which otherwise has only lim-
ited value in diagnostic workup except for demonstra-
tion or intratumoral calcifications. Conventional radi-
ography or, even better, CT may confirm the presence of
calcifications and show concomitant osseous involve-
ment as a rare finding.

After a lesion has been detected clinically and/or on
ultrasound, further evaluation by MRI is mandatory.
MRI is able to demonstrate the exact localization, ex-
tent, and margins of the lesion. Intratumoral areas of
low SI on T2-weighted images that do not enhance on
T1-weighted images after Gd contrast administration
represent fibrous components of mature tumors of fi-
brous tissue. Areas of high SI on T2-weighted images
that enhance on T1-weighted images after Gd contrast
administration represent nonfibrous components of
immature tumors of fibrous tissue. Intratumoral necro-
sis is a rare finding even in fibrosarcoma.

MRI also shows the natural evolution of tumors of fi-
brous tissue, which have high SI in the initial stages and
low SI on T2-weighted images in later stages, paralleling
the histological evolution from hypercellular in the ini-
tial to more collagenous in the mature, later stage. Stag-
ing by MRI helps the physician to choose adequate ther-
apy, leading to a decrease in tumor recurrence because
of incomplete surgery.

The purposes of imaging of fibrous tumors in chil-
dren described by Eich et al. [15] are:
1. Confirmation of a clinically suspected mass
2. Characterization of the mass with regard to location,

extension, structure, and margins
3. Determination of either unifocal or multifocal dis-

ease, or metastases
4. Observation of additional features as part of a sys-

temic disorder (e.g., Gardner syndrome, hyaline fi-
bromatosis)

5. Formulation of a tentative diagnosis
6. Assistance for biopsy or excision
7. Follow-up for documentation of regression, progres-

sion, recurrence, or secondary spread.

Things to remember:
1. Tumors of connective tissue are common.
2. Histopathological and imaging features are

related to age of the lesions.
3. Benign tumors mostly have a characteristic loca-

tion (giant cell tumor of the tendon sheath,
elastofibroma, palmar and plantar fibromatosis,
nuchal fibroma, abdominal desmoid, etc.).

4. Desmoid tumors present with low-SI components
also on T2-weighted MR images; they are aggres-
sive lesions, which frequently recur after surgical
resection.

5. Fibromatosis colli is seen within the sternocleido-
mastoid muscle in newborns.

6. Hemangiopericytoma moves from the vascular to
the connective tissue tumors.

7. Myxofibrosarcoma replaces malignant fibrous his-
tiocytoma in the new WHO classification.
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