Note: This copy is for your personal non-commercial use only. To order presentation-ready
copies for distribution to your colleagues or clients, contact us at www.rsna.orglrsnarights.

Soft-Tissue Tumors and
Tumorlike Lesions: A Systematic
Imaging Approach’
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Jim S. W MD Soft-ti lesi fi \ d by radiol
Mary G. Hochman, MD oft-tissue lesions are frequently encountered by radiolo-

gists in everyday clinical practice. Characterization of
these soft-tissue lesions remains problematic, despite ad-
vances in imaging. By systematically using clinical history,
lesion location, mineralization on radiographs, and signal
intensity characteristics on magnetic resonance images,
one can (a) determine the diagnosis for the subset of
determinate lesions that have characteristic clinical and
imaging features and (b) narrow the differential diagnosis
for lesions that demonstrate indeterminate characteris-
tics. If a lesion cannot be characterized as a benign entity,
the lesion should be reported as indeterminate, and the
patient should undergo biopsy to exclude malignancy.
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atients are commonly referred

for imaging to evaluate a soft-

tissue mass in the trunk or ex-
tremities. These lesions range from
nonneoplastic conditions to benign
and malignant tumors. Presently, im-
aging provides a limited ability to reli-
ably distinguish between benign and
malignant soft-tissue lesions. Thus,
the primary goal for the imaging refer-
ral is to confirm the presence of a
mass and to assess its extent in prepa-
ration for possible treatment. In an
important subset of cases, character-
istic clinical and imaging information
can help to narrow the differential di-
agnosis. These characteristics include
clinical history, lesion location, miner-
alization on radiographs, and signal in-
tensity (SI) characteristics on mag-
netic resonance (MR) images. The
goals of this review are to (a) intro-
duce the etiologic spectrum of soft-
tissue masses with emphasis on the
most common entities and (b) provide
the reader with a systematic MR-
based approach for the work-up of a
suspected soft-tissue mass.

Spectrum of Soft-Tissue Lesions

Soft tissue arises from the mesen-
chyme, which differentiates during de-
velopment to become fat, skeletal
muscle, peripheral nerves, blood ves-
sels, and fibrous tissue (1). Soft-tissue
tumors are histologically classified on
the basis of the soft-tissue component

®m Although soft-tissue lesion charac-
terization is not always possible,
MR is the best imaging modality
for lesion characterization.

B By systematically using clinical
history, lesion location, findings
on radiographs, and MR imaging
features, the radiologist can dif-
ferentiate between determinate
and indeterminate lesions.

B [f a lesion cannot be characterized
as a benign entity, the lesion
should be reported as indetermi-
nate and considered for biopsy to
exclude malignancy.

that comprises the lesion, but this
does not imply that the tumor arises
from that tissue (1). For instance, li-
pomas contain cells that produce fat;
however, lipomas do not necessarily
arise from fat cells.

The World Health Organization
(WHO) classification system for soft-
tissue tumors (2) provides uniformity
for the reporting and treatment of var-
ious tumors and reactive processes
and is in common use. The WHO clas-
sification includes nine categories of
soft-tissue tumors: adipocytic, fibro-
blastic/myofibroblastic, so-called fi-
brohistiocytic, smooth muscle, peri-
cytic (perivascular), skeletal muscle,
vascular, chondro-osseous, and those
of uncertain differentiation (Table 1).
The WHO classification was last re-
vised in 2002, and a few important
changes deserve mention. Atypical li-
pomatous tumor and well-differenti-
ated liposarcoma are now considered
to be the same entity since they are
morphologically identical and do not
have the potential for metastasis
(2,3). Myositis ossificans is classified
as a fibroblastic/myofibroblastic lesion
instead of a chondro-osseous lesion
(2,3). Lastly, malignant fibrous histo-
cytoma has been replaced with undif-
ferentiated pleomorphic sarcoma as
the descriptor for tumors without a
clear line of differentiation, since
many tumors previously reported to
be a malignant fibrous histocytoma
have histologic characteristics that
overlap with those of other malignant
tumors (2,4). Undifferentiated pleo-
morphic sarcoma is now a diagnosis of
exclusion and represents
smaller group of lesions than did ma-
lignant fibrous histocytoma, which
was previously considered to be the
most common soft-tissue sarcoma in
adults (5).

Additional soft-tissue lesions are
not included in the WHO classification
(Table 2). Tumors of the peripheral
nervous system are classified sepa-
rately by the WHO. This category in-
cludes nonneoplastic lesions, such as
Morton neuromas and benign and ma-
lignant PNSTs (1,6). Additionally, tu-
morlike lesions (eg, ganglia, hemato-

a much

mas, foreign body granulomas, and
anomalous muscles) should be consid-
ered in the differential diagnosis of a
soft-tissue mass.

Common Soft-Tissue Lesions with

Characteristic Features

A few common and distinctive soft-
tissue lesions deserve discussion.
They include lipoma, hemangioma,
ganglion, PNST, GCT of the tendon
sheath, myositis ossificans, hema-
toma, and Morton neuroma. These le-
sions often have specific clinical
and/or imaging features that help with
characterization and guide appropri-
ate evaluation, which often averts bi-
opsy. These are not the only soft-
tissue lesions with characteristic fea-
tures, but they are included here
owing to their combination of unique
clinical and/or imaging features and
their common occurrence.

Lipomas and Other Lipomatous Lesions

Lipomas are the most common soft-
tissue tumor and contain tissue histo-
logically identical to adipose fat (7).
The incidence of lipomas is up to 2.1
per 100 individuals (7). Lipomas are
radiolucent on radiographs and com-
puted tomographic (CT) images and
are isointense relative to subcutane-
ous fat on MR images obtained with all
pulse sequences (7). The classic li-
poma is composed entirely of fat,
without areas of nodularity or thick-
ened septations (8) (Fig 1). Of note, a
substantial percentage of benign lipo-
mas demonstrate nonadipose fea-
tures. In a study by Kransdorf et al
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(8), 31% (11 of 35) of lipomas showed
nonadipose content, which the au-
thors attributed to fat necrosis and
associated calcification, fibrosis, in-
flammation, and myxoid change. Li-
poma variants, such as angiolipoma
and myolipoma, are another group of
tumors that are predominantly fat
containing but demonstrate nonadi-
pose features that may be difficult to
dismiss as a benign lipoma (9,10).

The important differential diagno-
sis for a benign lipoma includes a well-
differentiated liposarcoma, which may
also demonstrate a large fat compo-
nent. It is important to remember that
other subtypes of liposarcoma (dedif-
ferentiated, myxoid, and pleomor-
phic) may contain minimal or no visi-
ble fat (11). Features found to favor a
diagnosis of well-differentiated lipo-
sarcoma include lesion size greater
than 10 cm, presence of thick (>2-
mm) septae (diffuse or focal), pres-
ence of globular and/or nodular non-
adipose areas or masses, and lesion
composition of less than 75% fat (8).
Well-differentiated liposarcomas must
also be distinguished from benign in-
ter- and intramuscular lipomas. Intra-
muscular lipomas vary greatly in size,
can have well-defined or infiltrative
margins, and can appear to have sep-
tae owing to intermingled muscle fi-
bers (12). However, the muscle fibers
should be isointense to normal muscle
on both T1- and T2-weighted MR im-
ages and, when viewed in the longitu-
dinal plane, should maintain their na-
tive architecture (12).

In the past, a distinction was made
between atypical lipomatous tumors
and well-differentiated liposarcomas.
Although these tumors are histopatho-
logically identical, they were desig-
nated atypical lipomatous tumors
when they occurred in the extremities
and well-differentiated liposarcomas
when they occurred in the retroperi-
toneum and mediastinum (2,4). This
distinction was made to reflect the low
morbidity and low incidence of recur-
rence of tumors in the extremities,
since wide excision 1s achievable, as
opposed to that of retroperitoneal and
mediastinal tumors, in which com-

Abbreviated WHO Classification of Soft-Tissue Tumors

Table 1

Tumor Type Tumor
Adipocytic
Benign Lipoma, lipomatosis, lipomatosis of nerve, lipoblastoma, lipoblastomatosis,

Intermediate (locally
aggressive)
Malignant

Fibroblastic/myofibroblastic
Benign

Intermediate
Locally aggressive
Rarely metastasizing
Malignant
So-called fibrohistiocytic
Benign

Intermediate (rarely
metastasizing)
Malignant

Smooth muscle
Benign
Malignant
Pericytic (perivascular)
Skeletal muscle
Benign
Malignant
Vascular
Benign
Intermediate
Locally aggressive
Rarely metastasizing
Malignant
Chondro-osseous

Uncertain differentiation
Benign

Intermediate (rarely
metastasizing)
Malignant

hibernoma
Atypical lipoma, well-differentiated liposarcoma

Liposarcoma: dedifferentiated, myxoid, round cell, pleomorphic, mixed type,
not otherwise specified

Nodular fasciitis, myositis ossificans, elastofibroma, fibromatosis coli,
fibroma of tendon sheath, Gardner fibroma

Superficial fibromatosis, desmoid-type fibromatoses, lipofibromatosis
Solitary fibrous tumor and hemangiopericytoma, infantile fibrosarcoma
Adult fibrosarcoma, myxofibrosarcoma

GCT of tendon sheath, diffuse-type giant cell, deep benign fibrous
histiocytoma
GCT of soft tissues

Pleomorphic fibrous histiocytoma or undifferentiated pleomorphic sarcoma,
giant cell fibrous histiocytoma or undifferentiated pleomorphic sarcoma
with giant cells, inflammatory fibrous histiocytoma or undifferentiated
pleomorphic sarcoma with prominent inflammation

Angioleiomyoma, leiomyoma of deep soft tissue
Leiomyosarcoma
Glomus tumor, myopericytoma

Rhabdomyoma
Rhabdomyosarcoma: embryonal, alveolar, pleomorphic

Hemangioma, epithelioid hemangioma, angiomatosis, lymphangioma

Kaposiform hemangioendothelioma

Retiform hemangioendothelioma, Kaposi sarcoma

Epithelioid hemangioendothelioma, angiosarcoma of soft tissue

Soft-tissue chondroma, mesenchymal chondrosarcoma, extraskeletal
osteosarcoma

Intramuscular myxoma, juxtaarticular myxoma, ectopic hamartomatous
thymoma
Angiomatoid fibrous histiocytoma, ossifying fibromyxoid tumor

Synovial sarcoma, epithelioid sarcoma, clear cell sarcoma of soft tissue,
extraskeletal myxoid chondrosarcoma, extraskeletal Ewing tumor, intimal
sarcoma

Source.—Reference 2.
Note.—GCT = giant cell tumor.
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plete excision is difficult (2). This dis-
tinction was abandoned in the 2002
WHO classification, so both tumors
are now considered to be the same
entity (2). Some authors still reserve
the term atypical lipomatous tumor
for tumors that occur in the subcuta-
neous soft tissue (4).

The WHO classification includes
additional adipocytic tumors, includ-
ing lipoblastomas, lipomatoses of
nerves (formerly neural fibrolipomas
or lipofibromatous hamartomas of
nerves), and hibernomas (2). Never-
theless, there are also fat-containing
masses that are not classified by the
WHO as adipocytic tumors. These
masses include hemangiomas, fat-con-
taining hernias, and muscle atrophy with
fatty replacement. Ultimately, if a fatty
mass cannot be reported as a lipoma or
other benign fat-containing mass, a lipo-
sarcoma needs to be considered.

Hemangiomas

Hemangiomas are benign vascular lesions
composed of various vessels by which
they can be further histologically classi-
fied (13). They are common tumors in
infancy and childhood but can occur in
any age group (14-16). Clinically, heman-
giomas can manifest with bluish skin dis-
coloration and a history of size fluctuation
(17). Occasionally, pain may occur fol-
lowing exercise owing to shunting of
blood flow away from the surrounding tis-
sue into the hemangioma (17). On im-
ages, hemangiomas can contain serpen-
tine vessels, fat, smooth muscle, hemo-
siderin, and phleboliths (17). Identifying
phleboliths, which are focal dystrophic
mineralizations in a thrombus, on radio-
graphs or CT images can be helpful in

characterization (13,15). Changes in the
bone, including periosteal reaction, corti-
cal and medullary changes, and over-
growth, can be seen (17,18). On MR im-
ages, hemangiomas may be well-circum-
scribed or have poorly defined margins,
with varying amounts of hyperintense T1
signal owing to either reactive fat over-
growth or hemorrhage (17,19) (Fig 2).
Areas of slow flow typically have high T2
SI, while rapid flow can demonstrate a
signal void on images obtained with a
non-flow-sensitive sequence (15).

Ganglia

Ganglia are not true tumors; therefore,
they are not included in the WHO classi-
fication of soft-tissue tumors. However,
ganglia are common and should be con-
sidered in the work-up of a soft-tissue
mass. Ganglia commonly occur in the
hand, wrist, and feet (20) and can arise
from joint capsules, bursae, ligaments,
tendons, and subchondral bone (20,21).
Their pathogenesis is controversial: The-
ories include development from synovial
rests deposited at embryogenesis, prolif-
eration and metaplasia of mesenchymal
cells, degeneration of connective tissue
owing to chronic trauma, and origination
from the articular capsule (22).

Ganglia are lined by a capsule com-
posed of flat spindle cells and do not
have a synovial lining (23). They are dis-
tinguished from synovial cysts, which
represent true herniation of the syno-
vial membrane through the joint cap-
sule (20). While McEvedy (24) found
attachment of the ganglia to the joint
capsule in an overwhelming majority
of 150 cases examined at surgery, at
arthrography and MR imaging, ganglia
are not always seen to communicate

Table 2

Lesions Not Included in the WHO Classification of Soft-Tissue Tumors

Lesion Type Lesion
Neurogenic tumors
Benign Morton neuroma; traumatic neuroma; PNST: schwannoma (neurilemoma),
neurofibroma; perineurioma
Malignant PNST
Tumorlike Ganglion; hematoma; seroma; abscess; epidermoid inclusion cyst; foreign body

granuloma; anomalous muscle: soleus, palmaris longus, manus brevis

PNST = peripheral nerve sheath tumor.

with the joint (23). In some instances,
it may be hard to distinguish a true
ganglion from a paraarticular cystic le-
sion arising owing to intraarticular de-
rangement (25).

Clinically, ganglia are usually asymp-
tomatic; however, symptoms can develop
from mass effect, including nerve com-
pression, on adjacent tissue (26). The le-
sions can also fluctuate in size. Typically
there are no findings on radiographs, but
they but may show nonaggressive remod-
eling of the bone (27). On MR images, the
lesions typically appear as round or ovoid
masses that are uni- or multiloculated,
with smooth or slightly lobulated sur-
faces, and are in close proximity to a joint
or tendon (27). Ganglia are usually isoin-
tense or slightly hypointense to muscle on
T1-weighted MR images and hyperin-
tense on T2-weighted MR images and
have a thin rim of contrast enhancement,
with or without thin low-SI enhancing
septae (27) (Fig 3). On occasion, they
may be hyperintense to muscle on T1-
weighted images, reflecting higher pro-
teinaceous content (28). Ganglia may be
associated with a track extending toward
the joint and may have pericystic edema
(27). Moreover, a ganglion can occur far
away from a joint (28).

Peripheral Nerve Sheath Tumors

PNSTs are classified separately as neuro-
genic tumors by the WHO and comprise
benign and malignant PNSTs (1,6). Be-
nign PNSTs include both schwannomas
(neurilemomas) and neurofibromas,
which together account for 10% of benign
soft-tissue tumors (14). PNSTs can man-
ifest with both motor and sensory nerve
disturbances (29). Schwannomas and
neurofibromas can be difficult to distin-
guish from each other at imaging (3). Ei-
ther tumor can appear as a well-defined
smooth-bordered fusiform mass that is
aligned along the nerve (Fig 4). Occasion-
ally on MR images, a schwannoma can be
distinguished from a neurofibroma by its
location relative to the nerve: The
schwannoma can be eccentric to and sep-
arable from the nerve, whereas the neu-
rofibroma is intrinsic to it (30). The “split
fat sign” can be associated with PNSTs:
As the tumor enlarges, a surrounding rim
of normal fat is maintained (3). Benign
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Figure 1

b.
Figure 1:  Axial MR images in 49-year-old man
show lipoma (arrowhead) in upper forearm.

(a) Spin-echo (SE) T1-weighted MR image shows
uniformly hyperintense lesion with Sl identical to
that of subcutaneous fat. (b) Fat-suppressed
spoiled gradient-recalled acquisition in the steady
state (SPGR) T1-weighted MR image shows uni-
form fat suppression of lesion and no thickened
septae or nodular areas.

PNSTs are typically isointense to muscle
on T1l-weighted MR images and slightly
hyperintense to fat on T2-weighted MR
images (3,31) but are nonspecific in
terms of their SI. Nevertheless, on cross-
sectional MR images, a “target sign” ap-
pearance may be seen on T2-weighted
images in some benign PNSTs, more
commonly in neurofibromas than schw-
annomas (Fig 5) (30,32). The central
area of low T2 SI histologically corre-
sponds to fibrocollagenous tissue,
whereas the outer area of high T2 SI cor-
responds to myxomatous tissue (31).
Contrast enhancement in benign PNSTs
is variable (31).

Figure 2

b.
Figure 2:

C.

Images in 32-year-old woman show hemangioma in forearm. (a) Axial SE T1-weighted MR im-

age shows heterogeneous mass (arrows) with focal area of T1 hyperintensity (arrowhead). (b) Coronal con-
trast agent—enhanced fat-suppressed SPGR T1-weighted MR image shows heterogeneous enhancement
(arrow) with large entering vessels (arrowheads). (c) Lateral radiograph shows phleboliths (arrow).

Malignant PNSTs account for 6% (5)
of soft-tissue sarcomas and are associated
with type 1 neurofibromatosis in 50% of
cases (30). Malignant PNSTs can be diffi-
cult to differentiate from benign PNSTs;
however, malignant PNSTs are typically
larger and have ill-defined margins, rapid
growth, and central necrosis (3,26,30).

GCTs of the Tendon Sheath

A GCT of the tendon sheath is a nodular
form of pigmented villonodular synovitis,
the histologic appearance of which is iden-
tical to that of its intraarticular counterpart
(33,34). These tumors, as the name sug-

gests, are intimately associated with the
tendon sheath, and the most common loca-
tion is the hand. They typically are adjacent
to an interphalangeal joint (34). The lesion
usually manifests as a small slow-growing
mass, with or without pain. Radiographs
usually show no abnormalities, though they
may reveal nonaggressive remodeling of
the adjoining bone (35). These lesions are
typically isointense or hypointense to mus-
cle on T1- and T2-weighted MR images ow-
ing to abundant collagen and hemosiderin,
often with enhancement (36) (Fig 6). Some
lesions may not contain enough hemosid-
erin to be T1 and T2 hypointense or to
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cause a blooming artifact on gradient-echo
images (34).

Myositis Ossificans

Myositis ossificans is a benign ossifying
soft-tissue mass that occurs in muscle. Le-
sions are suspected to arise following
trauma; however, patients often do not
recall any antecedent traumatic episode
(37). Patients may be asymptomatic or
may present with pain, swelling, and, oc-
casionally, an elevated erythrocyte sedi-
mentation rate (37). Most lesions arise in
the large muscles of the extremities (37).

The appearance of myositis ossifi-
cans on images varies, depending on its
stage of development (37). Calcification
is rarely seen on radiographs in the first
few weeks but can become apparent
3-8 weeks after onset, starting periph-
erally and progressing centrally in a
zonal pattern (37,38) (Fig 7). It evolves
from faint irregular floccular densities
to dense calcifications and, ultimately,
to a rim of mature lamellar bone with
central osteoid matrix (39). The MR ap-
pearance also varies, reflecting the his-
tologic changes. Early lesions are poorly
defined and isointense on T1-weighted
images, heterogeneously T2 hyperin-

Figure 3
A

tense, and have diffuse surrounding
soft-tissue edema (39). As peripheral
calcification develops, peripheral low SI
may become visible on MR images (39).
On both T1- and T2-weighted images,
mature lesions are well-defined masses
that are isointense to fat centrally and
have low SI peripherally, without sur-
rounding soft-tissue edema (39). Low Sl
also may be seen centrally if fibrosis,
mineralization, or hemosiderin is
present (39). Early-stage myositis os-
sificans can enhance (39) and can be
mistaken for sarcoma. Moreover, ar-
eas of low SI on MR images may not be
recognized as calcification or ossifica-
tion, so it is important to consider myo-
sitis ossificans in the differential diag-
nosis and to assess for the character-
istic zonal pattern of mineralization on
radiographs or CT images.

Hematomas

Hematomas can occur following trauma
in a patient who has received anticoagu-
lant treatment (20,40) or who has a clot-
ting deficiency (15). Ecchymosis may be
present at physical examination, and the
appearance of a hematoma varies with its
age (37). Acute (a few days old) hemato-

Figure 3:  Coronal MR images in 37-year-old woman show ganglion (arrowhead) in lateral ankle soft tissues.
(a) Fat-suppressed fast SE T2-weighted MR image shows cystlike hyperintense lesion. (b) Contrast-enhanced
fat-suppressed T1-weighted MR image shows rim enhancement without internal or nodular enhancement.
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mas are typically iso- or hypointense to
muscle on T1- and T2-weighted MR im-
ages (37). Subacute (1-week- to 3-month-
old) hematomas are usually T1 and T2
hyperintense (37). The high T1 SI, which
is attributed to methemoglobin content,
may initially appear in the periphery (37).
Chronic hematomas are T1 and T2 hy-
perintense but can have a prominent hy-
pointense rim representing a wall of col-
lagenous fibrous tissue (40) and/or hemo-
siderin (41). Hematomas can arise in
conjunction with underlying tumors; thus,
any hematoma with nodular areas of soft-
tissue enhancement should be followed to
resolution in order to exclude an underly-
ing lesion, especially if no traumatic event
has occurred (42). The differential diag-
nosis for internal enhancement includes
enhancing fibrovascular tissue in an orga-
nizing hematoma. Hematomas that do
not resolve may calcify peripherally (13)
or may continue to bleed, forming a
chronic expanding hematoma (40).

Morton Neuromas

Morton neuromas are benign nonneo-
plastic lesions that arise owing to fibrosis
and degeneration around the plantar dig-
ital nerve (33). Most lesions occur in the
second or third interspace at, or just dis-
tal to, the level of the transverse metatar-

Figure 4

Figure 4:  Coronal fast SE T2-weighted MR
image of wrist in 36-year-old man shows ulnar
nerve (arrows) entering and exiting a hyperintense
schwannoma (arrowhead) slightly eccentrically to
the mass.
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sal ligament and plantar to the plane of
the transverse ligament (29,33). Identify-
ing a lesion in this location with charac-
teristic burning pain can suggest this spe-
cific diagnosis without the need for biopsy
(29). There is a high predominance for
symptomatic lesions in female patients
(33). Radiographs are often negative but
may, with large lesions, show splaying of
the metatarsal heads. On MR images, a
Morton neuroma typically appears as a
well-defined teardrop-shaped mass that is
isointense to muscle on T1-weighted im-
ages and hypointense to fat on T2-
weighted images, with low SI attributed
to fibrotic tissue (43) (Fig 8). Lesions can
show variable enhancement (33). Asymp-
tomatic lesions that are visible on MR im-
ages are often smaller than their symp-
tomatic counterparts (43,44).

A Systematic Approach for
Characterization of Soft-Tissue Masses

Given the wide variety of masses and the
overlap that exists between the imaging
characteristics of benign and malignant
masses, it is impossible to arrive at a sin-
gle diagnosis for many of the lesions en-
countered. Early studies (45-49) found
that lesions could only be characterized as

benign or malignant in one-quarter to
one-third of cases on the basis of features
such as margin definition, T1 and T2 SI,
SI homogeneity, perilesional edema, and
involvement of adjacent bone or neuro-
vascular structures. However, by apply-
ing a systematic approach, one (a) can
arrive at a diagnosis for the subset of le-
sions that have characteristic appear-
ances and (b) can narrow the differential
diagnosis for lesions that demonstrate in-
determinate characteristics. In the appro-
priate clinical setting, excluding a benign
diagnosis (eg, lipoma or ganglion) can aid
in clinical decision making. Ultimately, if a
lesion cannot be characterized as a be-
nign entity, the lesion should be reported
as indeterminate and the patient should
undergo biopsy to exclude malignancy
(2,15). The final decision regarding bi-
opsy will, of course, be made by patients
and their treating physicians and will take
into consideration factors such as lesion
accessibility and patient comorbidities.
The remainder of this review offers a sys-

Figure 5

Figure 5:  Axial fat-suppressed fast SE T2-
weighted MR image in 56-year-old man shows
schwannomaarising from radial nerve in upper
arm. Lesion has a target appearance, with central
hypaintensity (arrow) and peripheral hyperinten-
sity (arrowhead).

Figure 6

Figure 6:  Axial (@) SE T1-weighted and (b) fast
SE T2-weighted MR images of the hand in 34-
year-old woman with GCT of the tendon sheath
show an isointense lobulated mass (arrows) aris-
ing from the flexor tendon (arrowhead) of the index
finger.

tematic approach for the analysis of soft-
tissue masses, with an emphasis on MR
imaging SI characteristics.

Clinical History and Physical Examination
Evaluation of a soft-tissue mass begins
with the clinical history and physical ex-
amination. Information regarding age, re-

Figure 7

b.

Figure 7:  Images in 25-year-old man show myo-
sitis ossificans inright groin. (a) Anteroposterior
radiograph shows mass (arrow) with peripheral min-
eralization. (b) Axial contrast-enhanced fat-sup-
pressed T1-weighted SPGR MR image shows central
and perilesional enhancement (arrow).

Figure 8

Figure 8:  Coronal SE T1-weighted MR image
in 37-year-old woman with forefoot pain shows
teardrop-shaped hypointense lesion (arrow) in
third interspace; location is typical for a Morton
neuroma.
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cent trauma, fluctuating mass size, his-
tory of malignant cancer and familial syn-
dromes, and physical examination can
help with lesion characterization. For in-
stance, although liposarcoma is a com-

Figure 9

b.

Figure 9: Axial (a) SE T1-weighted and (b) fast
SE T2-weighted MR images in 48-year-old woman
show elastofibroma (arrowheads) in right postero-
lateral chest wall that is isointense to muscle on
both images.

mon malignant soft-tissue mass in adults,
it is rare in early childhood. In a review of
2500 cases of liposarcoma at the Armed
Forces Institute of Pathology, only two
cases occurred in children younger than
10 years (50). Similarly, epitheliod sar-
coma is a relatively rare malignant tumor,
accounting for only 1.4% of malignant tu-
mors in a large study performed at the
Armed Forces Institute of Pathology;
however, this tumor accounts for 21%-
29% of all soft-tissue malignancies in the
hand and wrist of patients aged 6-25
years (5). A history of trauma can sup-
port the diagnosis of a hematoma or
myositis ossificans; however, many pa-
tients do not recall a history of trauma,
even when it may have occurred (20,37).

Changes in the size of the mass can
help with diagnosis. While rapid growth
is certainly a concern for malignancy, a
benign mass may grow rapidly owing to
hemorrhage. Decrease in lesion size is
unlikely to occur in an untreated malig-
nancy, unless there is an associated he-
matoma that is resolving (51). Fluctua-
tion in lesion size can be seen with gan-
glia or hemangiomas, as they may
become engorged with fluid or blood,
respectively (15,17). In patients with
malignancies, soft-tissue metastases and
radiation-induced sarcomas can be con-
sidered (52,53). If multiple lesions are
seen, metastatic disease and certain
syndromes, including type 1 neurofibro-
matosis and hereditary multiple lipo-
mas, can be considered (54).

At physical examination, determining
whether the mass is mobile or fixed can
be helpful. In general, masses that are
mobile are more suggestive of a benign
diagnosis, while masses that are fixed to
surrounding tissues are more suggestive
of malignancy (26). Skin changes, such as

Table 3

Location-specific Soft-Tissue Lesions

Lesion Location
Elastofibroma Inferior tip of scapula
Glomus tumor Tufts of finger at nail bed
Baker cyst Posterior medial aspect of knee, between gastrocnemius and semimembranosus
tendons
Plantar fibroma Associated with plantar fascia

Morton neuroma

Second and third metatarsal interspace

ecchymosis related to trauma or inflam-
matory changes from cellulitis and soft-
tissue abscess, can aid in establishing an
appropriate differential diagnosis.

Location

Certain masses occur in specific locations
in the body, aiding in lesion characteriza-
tion. For example, elastofibroma is a be-
nign fibroelastic tumor that occurs almost
exclusively along the inferomedial border
of the scapula, deep to the latissimus
dorsi and rhomboid major muscles (35)
(Fig 9). When a lesion is found in this
location, a benign elastofibroma should
be suspected, especially if there are bilat-
eral lesions (55,56). Similarly, a teardrop-
shaped mass found along the plantar as-
pect of the second or third interspace of
the foot in the region of the plantar digital
nerve, with appropriate Sl characteris-
tics, has a high likelihood of being a Mor-
ton neuroma (29,33). Additional site-
specific lesions include plantar fibromas,
glomus tumors, and popliteal or Baker
cysts (Table 3). While location can be
used to favor a given diagnosis, other le-
sions must be considered if the imaging
findings are indeterminate. Thus, correla-
tion with the clinical history and addi-
tional follow-up or biopsy may be indi-
cated.

In a similar fashion, recognizing that a
lesion arises from a specific structure (eg,
nerves, vessels, or tendons) can help in
lesion characterization. Tumors arising
from nerves are typically benign PNSTs,
which include schwannomas and neurofi-
bromas. If there is a history of type 1
neurofibromatosis, a malignant PNST
should be considered (30). Occasionally,
fat-containing tumors can also arise from
nerve. This type of lesion, previously
known as a fibrolipomatous hamartoma,
has been designated as lipomatosis of the
nerve by the WHO in the 2002 classifica-
tion (7). Vascular neoplasms typically
have dilated tortuous vessels entering
and/or exiting the lesion and include hem-
angiomas, lymphangiomas, and angiosar-
comas (57). Hemangiomas are the most
common of the vascular lesions and con-
tain serpentine vessels, areas of fat, and
phleboliths (15). Besides true vascular tu-
mors, several additional vascular lesions
should be included in the differential di-
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agnosis of a soft-tissue mass arising from
vessels. Pseudoaneurysms can occur in
the setting of trauma, such as femoral
vessel injury from cardiac catheteriza-
tion. In these cases, it is important to
make the diagnosis prospectively and to
avoid biopsy. Another group of masses
characteristically arise from tendon
sheaths. Lesions arising from tendons are
most commonly GCTs of the tendon
sheath (35); however, ganglia, lipomas,
and fibromas are all masses that may
arise from a tendon sheath.

Radiographs

Although the utility of radiographs in eval-
uating soft-tissue lesions is limited, some
important information may be present on
these images. Radiographs should be as-
sessed for distortion of tissue planes, ra-
diolucent fatty areas (Fig 10), indolent or
aggressive remodeling of the bone, radio-
lucent foreign bodies, and soft-tissue cal-
cifications or ossification. If there is a clus-
tered group of phleboliths, one should
consider the presence of a soft-tissue
hemangioma (18). Remodeling of the
bone in response to changes in local vas-
cular flow may also be present. If there
are juxtaarticular calcifications or ossific
foci, with or without bone erosion, one
should consider the possibility of a syno-
vial sarcoma (Fig 11) or synovial osteo-
chondromatosis (34). Mature ossification
in soft tissues suggests the presence of het-
erotopic ossification or myositis ossificans,
which can mimic an aggressive sarcoma
when evaluated by using MR imaging ap-
pearance alone (20,38). Hazy calcification,
with or without well-circumscribed paraar-
ticular erosion, can indicate the presence of
a gouty tophus (26), which is another lesion
that could be misleading on the basis of its
MR imaging appearance. Radiographs are
an important adjunct in the assessment of
soft-tissue masses with MR images and, if
not obtained prior to MR imaging, can be
performed afterwards to evaluate soft-
tissue mineralization and changes in the
bone.

MR Images

MR imaging is well-suited for the evalua-
tion of soft-tissue tumors and tumorlike
lesions because of its intrinsically high
soft-tissue contrast and its capability to

Figure 10

Y

\

Figure 10:  Lateral radiograph of the elbow in
46-year-old man shows large painless lipomaas a
large radiolucent mass (arrows).

aid in imaging superficial and deep soft
tissues over both large and small fields of
view (20,45,46,48,49,54,58). Evaluation
with MR images allows tumor staging, de-
tection of neurovascular involvement,
identification of tumor necrosis, and pre-
operative planning (54,58). Although tis-
sue characterization is not always possi-
ble, MR imaging is, overall, more effec-
tive for tissue characterization than are
CT and ultrasonography (54,58). The util-
ity of MR imaging in the assessment of
soft-tissue masses is predicated on the
generation of diagnostic images of good
quality. A brief discussion of technical
considerations as they relate to MR imag-
ing of soft-tissue masses is therefore pre-
sented after the section on newer tech-
niques.

Newer Techniques

The use of techniques such as MR spec-
troscopy and diffusion imaging has been
reported for the evaluation of soft-tissue
masses and, in particular, for assessing
response to therapy (59-61). These tech-
niques offer intriguing potential for inter-
rogation of soft-tissue masses but are not
yet in routine clinical use.

Technical Considerations for MR

Imaging of Soft-Tissue Masses

Given the variety of sizes and locations
of soft-tissue masses, it is difficult to
prescribe a single imaging protocol.
Nonetheless, a number of general

Figure 11

b.

Figure 11:  Images in 37-year-old woman
show synovial sarcoma in the forefoot. (a) An-
teroposterior radiograph shows irregular soft-
tissue calcifications (arrows) surrounding third
metatarsal shaft. (b) Coronal contrast-enhanced
fat-suppressed T1-weighted SPGR MR image
shows a heterogeneous enhancing mass (ar-
rows) between the third and fourth metatarsal
shafts.

principles apply. The lesion should be
demarcated prior to imaging, but care
should be taken not to compress or
distort the mass, either with the skin
markers or by imaging the mass de-
pendently against the table. Images
should be of sufficiently high spatial
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resolution to demonstrate relevant
morphologic features and local ana-
tomic detail. T1- and T2-weighted im-
ages should be obtained for lesion
characterization. Images should be ob-
tained in the axial plane for compart-
mental anatomy and in a relevant lon-
gitudinal plane to assess the mass in
relation to key anatomic landmarks.
The protocols used at our institution
are given in Table 4.

Imaging Strategy

In cases where the goal is to establish
the presence of a mass, a large field of
view that includes the contralateral
side should be considered. In these
cases, symmetry can help to highlight
the presence of a mass. This is partic-
ularly applicable in the thighs, calves,
and, occasionally, upper thorax and
shoulder girdle. However, use of a
large field of view generally translates
into sacrificing spatial resolution. In
cases where detailed assessment of
the mass is needed to delineate its
features and assess its proximity to
surrounding structures, a smaller field
of view that is targeted to the lesion
itself is strongly indicated. In most
cases, these two strategies are not
mutually compatible. Therefore, it is
important to assess the case ahead of

time to decide which strategy will best
serve the case at hand.

Imaging Sequences

Masses are classically described in
terms of their T1 and T2 SI. As a re-
sult, the basic sequences employed to
evaluate a soft-tissue mass are T1- and
T2-weighted sequences. We include a
fat-suppressed T1-weighted sequence,
obtained with frequency-selective
(also known as chemically specific) fat
suppression, to evaluate masses that
have high T1 SI. Masses that contain
fat will lose SI on fat-suppressed T1-
weighted images. This form of fat sat-
uration only works effectively at field
strengths of 1.5 T or above because it
is dependent on sufficient separation
between water and fat peaks, which
depends on field strength. We also in-
clude a fat-suppressed T2-weighted
sequence in order to highlight areas of
increased edema both within and
around the mass. Fat-suppressed T2-
weighted images are particularly help-
ful when the non-T2-weighted images
are obtained with fast SE techniques.
On T2-weighted fast SE images, fat
remains relatively bright, and it can be
difficult to detect high-T2-SI masses or
edema situated within fat unless fat
suppression is employed. It is impor-

tant to realize that the SI of a mass can
appear quite different on a fat-sup-
pressed image, as compared with the
corresponding non-fat-suppressed
T1- or T2-weighted image, because of
changes in the dynamic range of the
image (Fig 12). As a result, fat-
suppressed sequences cannot be used
to reliably describe the SI characteris-
tics of a mass. These anatomic imaging
sequences should all be obtained prior
to contrast agent administration.

Describing Masses

The SI of masses should be described in
relation to an internal standard. Most often,
amass is described as being hypo-, iso-, or
hyperintense to muscle on both T1- and
T2-weighted images. Some authors de-
scribe the SI of a mass on T2-weighted im-
ages in relation to subcutaneous fat; how-
ever, the relative Sl of fat differs between
SE and fast SE techniques (62).

Additional Sequences

A T2*-weighted gradient-echo sequence
is a useful adjunct sequence for assessing
the presence of hemosiderin. T2* weight-
ing is achieved by using a relatively long
echo time in conjunction with a gradient-
echo sequence. Hemosiderin causes local
magnetic susceptibility effects that create
accentuated low SI on T2*-weighted im-

Table 4

MR Protocols for Soft-Tissue Lesions

Repetition Echo Time Echo Train Flip Angle No. of Signals
Sequence Time (msec) (msec) Length (degrees) Matrix Acquired
Axial T1-weighted SE 600 15 e 256 X 256 1
Axial T2-weighted fast SE 2500 80 17 256 X 192 2
Axial STIR 4000 60 12 256 X 192 2
Coronal, sagittal, or oblique longitudinal T1-weighted SE 600 15 o 256 X 192 1
Coronal, sagittal, or oblique longitudinal STIR 4000 60 8 256 X 192 2
Axial nonenhanced fat-suppressed T1-weighted SE 700 15 256 X 192 1
Axial contrast-enhanced fat-suppressed T1-weighted SE 700 15 256 X 192 1
Coronal, sagittal, or oblique longitudinal contrast-enhanced
fat-suppressed T1-weighted SE 700 15 . 256 X 256 1
T2*-weighted gradient-echo* 600 20 15 256 X 192 1
Dynamic contrast-enhanced fat-suppressed three-dimensional
T1-weighted SPGR* 8 4 10 320 X 192 1

Note.—Generally, a coil that is close in field of view to the area of interest is selected. Surface coils offer the advantage of a relatively high signal-to-noise ratio, while volume coils offer more
homogeneous signal over the volume of tissue imaged. Field of view and section thickness are selected to maximize spatial resolution but vary depending on the anatomic area, mass size, coil
quality, and field strength. STIR = short inversion time inversion recovery.

* Optional sequences.
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Figure 12

b.

Figure 12:  Sagittal T2-weighted fast SE MR
images in 45-year-old woman show posterior
chest desmoid tumor. (a) MR image without fat
suppression shows mass (arrows) in subcuta-
neous soft tissues that is only slightly hyperin-
tense to muscle. (b) Fat-suppressed MR image
shows same mass (arrows) as much more hy-
perintense than muscle owing to changes in
dynamic range.

ages as compared with that on standard
T2-weighted images, an effect referred to
as blooming. This effect can be observed
in pigmented villonodular synovitis, some
hemangiomas, and late-phase hemato-
mas (15).

Imaging Plane

Axial images are important for demonstrat-
ing relevant anatomy and helping to deter-
mine whether the mass is confined to a
single compartment and whether it is in-
vading or encasing surrounding structures.
As indicated above, images with high in-
plane spatial resolution are most helpful in
this regard. Images obtained in a longitudi-

Table 5

Lesion Characterization on the Basis of Sl on MR Images

Appearance

Lesion

T1 hyperintense
Lesion containing fat

Lipoma, lipoma variant, well-differentiated liposarcoma,
hemangioma, myositis ossificans (mature)

Lesion containing methemoglobin Hematoma
Lesion containing proteinaceous material Ganglion, abscess
Lesion containing melanin Melanoma

T2 hypointense
Lesion containing fibrosis

Lesion containing dense calcification
Lesion containing hemosiderin
T2 hyperintense (cystlike)
Fluid-filled lesion
Solid tumor

Scar tissue, plantar fibroma, elastofibroma, desmoid,
fibrosarcoma, GCT of tendon sheath, lymphoma
(occasionally)

Gouty tophi, dystrophic calcification

GCT of tendon sheath

Ganglia, seroma, abscess, epidermoid inclusion cyst
Myxoid lesion: intramuscular myxoma, myxoid
liposarcoma; PNST; synovial sarcoma

nal plane—coronal, sagittal, or oblique—
help demonstrate the extent of the mass
and its relationship to anatomic landmarks.
If axial images are obtained first, they can
be used to select the longitudinal plane that
best demonstrates the relationship of the
mass to bone, vessels, or other structures
of interest.

Intravenous Gadolinium-based Contrast
Agents

Because of the high intrinsic soft-tissue con-
trast of MR images, soft-tissue masses are
almost invariably visible on MR images
without the use of intravenous gadolinium-
based contrast agents. In the evaluation of
soft-tissue masses on MR images, intrave-
nous contrast agent is used to distinguish
cystic from solid structures, to demonstrate
the relative vascularity of the masses, and,
occasionally, to help highlight tissue planes
to aid in assessing the degree of invasion of
a mass into vessels and other structures
(58). Contrast enhancement can also play
an important role in helping to target tumor
nodules in cystic or hemorrhagic masses
during biopsy (58). For this application,
intravenous gadolinium-based contrast
agent is generally administered in a non-
dynamic fashion; that is, the contrast
agent is injected, and a relatively longer
acquisition of a high-spatial-resolution im-

age is then obtained. Contrast-enhanced
images are often obtained with fat sup-
pression to suppress fat and highlight the
presence of the gadolinium-based con-
trast agent. In choosing to use fat-sup-
pressed T1-weighted MR sequences for
this purpose, several considerations ap-
ply:

1. Images obtained before and those
obtained after contrast agent administra-
tion must be obtained with identical im-
aging parameters to allow adequate as-
sessment of enhancement. For instance,
a contrast-enhanced fat-suppressed im-
age cannot be compared with a nonen-
hanced non-fat-suppressed image. Some
masses will appear to be T1 hyperintense
simply because fat suppression has been
applied, and this imaging effect could be
mistaken for gadolinium enhancement.

2. For similar reasons, transmit gain
cannot be allowed to change between
nonenhanced and contrast-enhanced im-
ages. To maintain the same transmit gain,
no preliminary imaging should take place
between nonenhanced and contrast-
enhanced imaging.

3. If, on nonenhanced images, fat sup-
pression proves to be inhomogeneous,
consideration should be given to acquir-
ing the nonenhanced and contrast-en-
hanced images without fat suppression.
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Unfortunately, inhomogeneous fat sup-
pression can make it difficult to deter-
mine whether structures are enhancing.

4. Image subtraction can help to ad-
dress the problem of inhomogeneous fat
suppression, but this technicue depends on
the absence of patient motion between the

Figure 13

b.

Figure 13:  Coronal T1-weighted MR images in
53-year-old woman show well-differentiated lipo-
sarcoma in the hand. (a) SE MR image shows
areas of hyperintensity (arrows) and a central area
of hypointensity (arrowhead). (b) Contrast-en-
hanced fat-suppressed SPGR MR image shows
enhanced central area (arrowhead) and hypoin-
tense fatty areas (arrows) that are not enhanced.

nonenhanced and contrast-enhanced se-
quences.

Lesion Characterization on the Basis of
MR Images

T1 Hypo- or Isointense Lesions

Most soft-tissue masses are iso- or hypoin-
tense to muscle on T1-weighted images;
therefore, there is limited ability to distin-
guish or characterize lesions on the basis of
low T1 SI alone (63). The differential diag-
nosis for these masses is extensive and in-
cludes both benign and malignant lesions.
For example, ganglia, fibrosarcomas, and
pleomorphic sarcomas can all demonstrate
T1 hypo- or isointensity. Lesions that are
iso- or hypointense to muscle on T1-
weighted MR images should be further
evaluated on the basis of SI characteristics
on T2-weighted MR images.

Figure 14

C.

enhancement.

Figure 14:  Axial MR images in 69-year-old woman show melanoma metastasis (arrowhead) in anterior
abdominal subcutaneous soft tissues. T1-weighted (a) opposed phase and (b) fat-suppressed SPGR MR
images show hyperintense lesion in subcutaneous fat. (¢) Contrast-enhanced fat-suppressed T1-weighted
SPGR MR image shows equivocal enhancement. (d) Subtraction MR image confirms solid internal

T1 Hyperintense Lesions

A mass that is higher in SI than is skeletal
muscle on T1-weighted images is consid-
ered to be hyperintense. As noted above,
SI should be determined on images that
are obtained without fat suppression be-
cause some masses may be isointense to
muscle on T1-weighted images without
fat suppression but relatively hyperin-
tense to muscle on fat-suppressed T1-
weighted images.

Substances that are associated with
T1 shortening include fat, methemoglo-
bin, proteinaceous fluid, and melanin
(7,28,37,64,65) (Table 5). In the ab-
sence of gadolinium enhancement, the dif-
ferential diagnosis for a mass characterized
by T1 hyperintensity would include a fat-
containing mass, a hemorrhagic mass that
contains methemoglobin, various fluid col-
lections that contain an appropriate con-
centration of proteinaceous fluid, and mel-
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Figure 15

Figure 15:  Axial MR images in 34-year-old woman with plantar fibroma (arrow). (a) T1-weighted SE and (b) T2-weighted fast SE MR images show lesion to be
isointense to muscle. (¢) Contrast-enhanced fat-suppressed T1-weighted MR image shows heterogeneous solid enhancement.

anoma or melanoma  metastasis
(7,28,37,64,65). Fat has intrinsically
short T1 relaxation times due to its
molecular structure. Methemoglobin
causes shortening of T1 relaxation
times due to a paramagnetic effect
(66). Proteinaceous fluid is character-
ized by relative T1 shortening due to
accelerated relaxation of water mole-
cules bound to proteins (67,68). Al-
though one report (65) of T1 shortening
in melanomas ascribed the effect di-
rectly to paramagnetic radicals associ-
ated with melanin itself, a later report
(64) theorized that it was owing to other
sources, such as biological paramag-
netic metals that become bound by the
melanin.

If the mass has areas of hyperintense
T1 signal, the next step is to evaluate sup-
pression on fat-suppressed T1-weighted
images. If the hyperintense area is sup-
pressed, then the lesion contains fat, and
the most likely diagnoses include lipoma,
lipoma variant, well-differentiated lipo-
sarcoma, hemangioma, and mature ossi-
fication. It is important to perform the
sequence with frequency-selective (also
known as chemically specific) fat suppres-
sion. Inversion-recovery fat suppression
is nonspecific and can cause loss of signal
of not only fat but also of other short-T1
substances. If the mass is composed en-
tirely of fat, with only minimal thin septa-
tions and without nonfatty nodular com-

ponents, then a diagnosis of lipoma can
be made (8). If the lesion is greater than
10 cm in diameter, contains septa greater
than 2 mm thick and/or globular or nod-
ular nonfatty components, or is com-
prised of less than 75% fat, then a diag-
nosis of well-differentiated liposarcoma is
likely (8) (Fig 13).

Some lipomatous masses, including
some lipomas and lipoma variants, have a
complex appearance because they con-
tain benign soft-tissue constituents; thus,
it may be difficult to distinguish these en-
tities from well-differentiated liposarco-
mas (8). Hemangiomas with fatty compo-
nents will have suppressed SI on fat-
suppressed MR images but should have a
distinct appearance from lipomas. Hem-
angiomas tend to be lobulated and to have
high-SI vascular channels on T2-weighted
MR images (due to slow intravascular
flow), may contain rounded low-SI phle-
boliths on T1- and T2-weighted MR im-
ages, and may cause fatty atrophy in sur-
rounding muscles or reactive sclerosis in
abutting bones (17). Phleboliths can be
more apparent on radiographs than on
MR images.

Ossification, seen with mature myosi-
tis ossificans or heterotopic ossification,
can appear to be T1 hyperintense owing
to fatty marrow (39). Again, reviewing
the radiographs for evidence of mature
ossification is helpful; however, ossifica-
tion may not be apparent on radiographs,

especially in the early stage of myositis
ossificans (38,39). In these cases, CT im-
ages may be helpful for identifying early
mineralization (58).

If the lesion does not lose SI on the
fat-suppressed T1-weighted MR images,
then it is composed of another substance
that causes T1 shortening, such as met-
hemoglobin, proteinaceous fluid, or mel-
anin. A history of trauma may account for
a hematoma with methemoglobin. How-
ever, a hematoma might also occur sec-
ondary to bleeding from a tumor, so a
hematoma should be followed up with im-
aging to resolution to exclude an underly-
ing sarcoma or other malignant lesion as
the source of the hematoma (26). Any
mass containing sufficient fluid with an
appropriate concentration of protein can
have high T1 SI (67). These masses in-
clude ganglia, abscesses, and epidermoid
inclusion cysts with high protein content
(28). If the patient has a history of mela-
noma and a mass with high T1 SI, the
possibility of a melanoma metastasis
should be considered (Fig 14). It should
be noted, however, that not all melanotic
lesions are characterized by substantial
T1 shortening (69).

T2 Hypointense Lesions

A mass that is lower in SI than skeletal
muscle on T2-weighted MR images is con-
sidered to be hypointense (Table 5) (70).
Substances that appear hypointense on
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T2-weighted images include fibrosis, he-
mosiderin, and calcification (distinct from
ossification). Lesions with fibrotic compo-
nents tend to have low T2 SI because of a
relative lack of mobile protons associated
with their hypocellular densely collage-
nous matrix (47,70). Hemosiderin, a non-
specific end-product from the breakdown
of hemorrhage, is T2 hypointense due to
magnetic susceptibility. When present in
sufficient quantities, hemosiderin can ap-

Figure 16

(arrows).

Figure 16: MR images in 36-year-old woman with GCT arising from flexor tendons to long, ring, and small
fingers at level of the radiocarpal joint. (a) Axial T2-weighted fast SE MR image shows lobulated hypointense
mass (arrows) encasing several flexor tendons (arrowheads). (b) Coronal T2*-weighted gradient-echo MR
image shows blooming artifact (arrowheads) that highlights areas of hemosiderin deposition in the tumor

pear more prominent (blooming) on T2*-
weighted MR images than on T2-
weighted MR images (41). Calcifications
are typically T2 hypointense because the
protons are immobilized within a crystal-
line structure and cannot contribute to
the signal (71). Paradoxically, calcifica-
tions may appear as higher SI when cal-
cium crystals are surrounded by a hydra-
tion shell, which provides a source of mo-
bile protons (72,73). Substances that

Figure 17

‘ Hyperintense on T1WI ‘

Lesion
cantaining
melanin

Lesion
containing
prateinaceous
fluid

Ganglion
Abscess

Lesion
containing
methemoglobin

Melanoma
Melanoma Metastasis

Hematoma
wiwo tumor

Figure 17:
without.

Is there fat
suppression?

Flowchart of lesions that are hyperintense on T1-weighted MR images (T7WI). w/wo = with or

Are there
calcifications?

Lipoma

Lipoma Variant
Well-differentiated Liposarcoma

Hemangioma
Other fat containing lesion

Zonal
calcification/
ossification

Hemangioma

Myositis Ossificans
(mature)

have intrinsic low proton density, such as
air and some foreign bodies, also can ap-
pear to be T2 hypointense (47,74). For-
eign bodies can be deceptive, as small
foreign bodies may be surrounded by a
hyperintense area from reactive fluid or
inflammatory tissue, which can obscure
the underlying foreign body and mimic a
neoplasm.

Masses that are composed of fibrotic
material represent a broad spectrum of
benign and malignant lesions, ranging
from fibrotic scars to fibromas and some
fibrosarcomas (Fig 135). T2 hypointensity
in lesions such as GCT of the tendon
sheath, amyloid deposits, long-standing
rheumatoid pannus, soft-tissue callus,
leiomyoma, and lymphoma has been as-
cribed to the presence of hypocellular fi-
brosis (35,36,75-77). However, not all
fibrous masses have low T2 SI; hypercel-
lular fibrous masses, such as desmoids
and leiomyomas, may demonstrate
higher T2 SI (55,70).

Masses that contain large amounts
of hemosiderin include pigmented vil-
lonodular synovitis, GCT of the tendon
sheath, and a variety of hemorrhagic
masses (35,36,47) (Fig 16). Occasion-
ally, lesions that characteristically con-
tain extensive hemosiderin, such as pig-
mented villonodular synovitis, may not
have bled sufficiently to appear hypoin-
tense on T2-weighted MR images or to
cause blooming on T2*-weighted MR
images (78). Some masses may contain
hemosiderin in a portion of the mass
because of bleeding but may not contain
enough diffuse hemosiderin to have low
T2 SI. For example, hematomas may
demonstrate a peripheral rim of low-SI
hemosiderin, and hemangiomas may
contain scattered areas of low-SI hemo-
siderin because of intermittent bleed-
ing, but neither entity generally mani-
fests as a uniformly low-SI mass on T2-
weighted MR images (66,79).

Masses that are diffusely calcified
may also appear to have low T2 SI. How-
ever, the SI will depend on the extent and
distribution of calcification, whether the
calcification is hydrated, and whether
there is associated edema or inflamma-
tory reaction. For example, Yu et al (80)
examined gouty tophi in five patients and
found that lesions varied from nearly ho-
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Figure 18

Hypointense on T2WI

Are there
calcifications

N\

mogeneously hypointense to homoge-
neously T2 hyperintense. Martinez et al
(81) reported on five patients with tu-
moral calcinosis and observed heteroge-
neous T2 SI, with both hyper- and hypoin-
tense components. They speculated that
the hyperintense areas seen in tumoral
calcinosis reflect an inflammatory compo-
nent similar to a foreign body reaction.
In evaluating a mass with low T2 SI,

\

Lesion containing dense

the first step is to review the radiographs osion - calcification
e . esion

for the presence of calcifications, which containing containing Gouty tophi
are often difficult to identify on MR im- fibrous tissue hemosiderin Dystrophic calcification
ages alone. On radiographs, calcifica- / V\I'::arfe'j?'t\ GCT.TS
tions may have a characteristic pat- PYNS
tern, such as the cloudlike paraarticu- Laocation Location non- Hemorrhagic mass

T i X o specific specific
lar calcifications seen in gout or the - ,

. . . Plantar fibroma Fibroma

flocculent calcifications seen in tu- GCT.TS Desmoid
moral calcinosis. glasttofibroma t?gomvoma

If there are no calcifications on the ) osk-op scar : Irosarcoma . . .
radiographs, then a mass with low T2 SI Figure 18:  Flowchart of lesions that are hypointense on T2-weighted MR images (T2W). GCT-TS = GCT

will most likely either be focal fibrosis or a oftendon sheath, Post-op = postoperative, PVNS = pigmented villonodular synovitis.

tumor with substantial fibrous content. In
these cases, lesion location can be helpful
for further characterization. Single or
multiple masses within a joint may reflect
the presence of pigmented villonodular
synovitis. Similarly, if a well-circum-
scribed noncalcified mass abuts a tendon,
it may be a GCT of the tendon sheath. A
history of prior surgery at the lesion site
could suggest the presence of fibrous scar

Hyperintense “cyst-like” on T2WI

What is the
enhancement pattern?

tissue. A nodular mass that is adjacent to Rim

the plantar fascia of the foot most likely is Internal

a plantar fibroma (55). Similarly, a mass l

along the superficial palmar fascia of the Fluid containing / \

hand can suggest Dupuytren disease (35). lesion

T2 Hyperintense (Cystlike) Lesions Ganglion Myxomatous
Many lesions that are hyperintense on Seroma tumor Synovial Sarcoma
T2-weighted MR images are heteroge- ébi;:ess id Inclusion Cyst Intramuscular Myxoma PNST

neously hyperintense and are difficult to BE;Q:H’TIOI nelusion &.ys Myxoid Sarcoma Necrotic tumor
specifically characterize. Nevertheless, Figure 19:  Flowchart of lesions that are hyperintense (cystlike) on T2-weighted MR images (T2W).

there is a subset of lesions that are rela-

tively homogeneously hyperintense and

can be further characterized (Table 5).
Water and water-filled masses are T2

Administering intravenous contrast agent can help distinguish between fluid-filled lesions and solid
tumors.

hyperintense due to the prolonged T2 re-
laxation time of water. However, it is im-
portant to realize that some solid masses
can also appear to be quite T2 hyperin-
tense (82-84). Thus, the differential di-
agnosis for lesions that are predomi-
nantly T2 hyperintense includes not
only fluid-filled lesions (eg, ganglia, sy-
novial cysts, and seromas) but also solid

lesions (eg, myxomas, myxoid sarco-
mas, some PNSTs, and small synovial
sarcomas) (29,83,85). Because of the
relatively homogeneous hyperintensity
seen in some of these solid lesions, they
can be mistaken for fluid-filled structures
and have been termed cystlike lesions by
some authors (83). Other tissues that can
mimic fluid on T2-weighted MR images

are hyperemic synovium (75) and hyaline
cartilage (39).

In the subset of cystlike lesions,
administering an intravenous gadolin-
ium-based contrast agent is an impor-
tant step to distinguish between true
cysts and solid lesions (58). Cysts and
fluid-filled components of masses will
not demonstrate internal enhance-
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ment following intravenous contrast
agent administration, whereas solid
structures will usually demonstrate in-
ternal enhancement. An important ca-
veat is that, given sufficient time, gad-
olinium-based contrast agents can dif-
fuse into the center of a cyst from the
periphery. Thus, internal enhance-
ment can be seen in a true cyst if it is
imaged late after contrast agent ad-
ministration (86). Although there are
no well-formulated rules for this phe-
nomenon, we typically evaluate en-
hancement on MR images obtained
within 6 minutes after contrast agent

Figure 20

C.

matoma given the clinical history.

Figure 20:  Sample Case 1—Axial MR images in 23-year-old man show palpable mass (arrowhead) in
medial upper thigh following trauma. (a) SE T1-weighted MR image shows hyperintense lesion in an-
teromedial subcutaneous fat. Lesion remains hyperintense on (b) fat-suppressed T1-weighted MR im-
age, indicating that it does not contain fat and may contain methemoglobin, proteinaceous fluid, or mel-
anin. (c) Fat-suppressed contrast-enhanced T1-weighted MR image shows equivocal enhancement.

(d) Subtraction image shows only rim and no internal enhancement, which is most consistent with he-

administration. If a mass that is T2
hyperintense has a thin even rim of
enhancement and no internal en-
hancement, then it is a cyst of some
kind. Ganglia are very common and
should be considered whenever a peri-
articular hyperintense mass is identi-
fied on T2-weighted MR images (26).
Postoperative seromas, posttraumatic
cysts, epidermoid inclusion cysts, lym-
phoceles, and lymphangiomas are
other lesions that may demonstrate a
thin rim of peripheral enhancement
(86-88). When the peripheral rim of
enhancement is thick and/or irregu-

lar, other diagnoses must be consid-
ered, including inflamed or infected
ganglia, abscesses, hematomas, and
necrotic tumor masses (86,88).

If a mass that is T2 hyperintense dem-
onstrates internal enhancement, either
homogeneous or heterogeneous, then
soft-tissue masses (eg, intramuscular
myxomas, myxoid sarcomas, PNSTs, and
synovial sarcomas) should be considered
(29,82,83,85,89). Myxoid material com-
prises a gelatinous matrix stroma that has
high levels of hyaluronic acid and imma-
ture collagen fibers and can occur in a
variety of benign and malignant lesions
(83,89,90). Because of its high water con-
tent, myxoid material appears hyperin-
tense on T2-weighted MR images. Intra-
muscular myxomas are benign masses
that typically have uniform hyperintensity
on nonenhanced T2-weighted MR images
but demonstrate internal enhancement
on contrast-enhanced MR images (90).
Although they often have a thin rim of
peripheral enhancement, benign intra-
muscular myxomas will also demonstrate
nodular or more heterogeneous internal
enhancement. Myxoid sarcomas can be
homogeneously T2 hyperintense but also
demonstrate internal contrast enhance-
ment (89). If an enhancing hyperintense
lesion is paraarticular, synovial sarcoma
should be considered. Irregular calcifica-
tions, erosion of the bone, and cystic
components may be associated (34,91). If
the lesion is fusiform and is associated
with a nerve, then the appearance is
highly suggestive of a PNST (30,32).

In an effort to distinguish benign from
malignant cystic lesions, Harish et al (83)
examined 40 cystlike soft-tissue masses,
including 16 myxomas, nine myxoid sar-
comas, eight ganglia, two schwannomas,
and one bursa. They found that the fea-
tures most suggestive of malignancy were
an average dimension greater than 7 cm
(odds ratio, 30.3), a maximum dimension
greater than 10 cm (odds ratio, 10.7),
and heterogeneity on T1-weighted MR
images (odds ratio, 6.7).

Contrast Enhancement

Contrast agent administration is use-
ful for differentiating between cystic
and solid lesions and for identifying
tumor nodules in cystic lesions. If the
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Figure 21

Figure 21:

Sample Case 2—Axial fat-suppressed MR images in 56-year-old woman show palpable lesion in groin. (a) T2-weighted MR image shows a hyperintense

cystlike lesion (arrow) in the left upper thigh. (b) Nonenhanced T1-weighted SPGR MR image at level of lesion (arrow). (¢) Contrast-enhanced T1-weighted SPGR MR
image shows wispy internal enhancement (arrow). Intramuscular myxoma was identified at biopsy.

lesion shows only a thin rim of en-
hancement and does not enhance cen-
trally, then it is a cystic lesion of some
sort. If it shows internal enhancement,
then it is at least partially solid. The
degree of enhancement can relate
to the vascularity of the lesion and is
relevant preoperative information
(92,93). Malignant lesions tend to
show greater enhancement and a
greater rate of enhancement (94).
However, enhancement cannot be re-
liably used to distinguish benign from
malignant lesions (58).

Other MR Imaging Features

The analysis presented here is based on
the evaluation of the predominant SI
of the mass on MR images. However, a
number of additional imaging features
have been described that can aid in devel-
oping a more specific diagnosis (eg, lesion
size, homogeneity versus heterogeneity of
lesion SI, contrast enhancement, lesion
shape and margins, presence of necrosis
or peritumoral edema, presence of bone
and/or neurovascular involvement, and
extension of the lesion beyond compart-
ments) (48,49,58). For example, both
hemangiomas and lipomas are T1 hyper-
intense. However, most hemangiomas
demonstrate circular, linear, or serpen-
tine high T2 SI caused by slow flow in
vascular channels, which is not a feature

in lipomas (19). Similarly, both myxomas
and synovial sarcomas are T2 hyperin-
tense. Perilesional edema and the pres-
ence of superior and inferior caps of fat
are features that have been described as
characteristic of myxomas (84), while the
presence of triple signal (areas of hyper-,
iso-, and hypointensity to fat on T2-
weighted MR images) is a feature that has
been described in synovial sarcomas
(84,95). Similarly, plantar fibromas and
elastofibromas are lesions that are both
T2 hypointense. However, plantar fibro-
mas tend to be nodular, often with a lin-
ear tail extending along the plantar apo-
neurosis, while elastofibromas tend to be
lenticular, with a striated pattern of alter-
nating fat and fibrous tissue (96,97).
Analysis of these additional features can
help to improve lesion characterization;
however, the specificity for distinguishing
benign from malignant entities remains
limited (49,54,58,98).

Applying a Systematic Approach

The concepts described above are
summarized in Figures 17-19. Figures
20 and 21 show sample cases. The
algorithms are intended to illustrate a
systematic approach for evaluating
soft-tissue masses encountered at im-
aging on the basis of their predomi-
nant SI on MR images and to highlight

some key questions to ask. However,
these algorithms are not intended to
provide guidelines for the complete
work-up of soft-tissue masses. In some
cases, the algorithms can lead to a
specific tumor. In other cases, the
analysis leads to a tissue category that
includes both benign and malignant di-
agnoses. This information must be
combined with clinical data, lesion lo-
cation, relevant additional MR imag-
ing features, and, where appropriate,
results of other tests to arrive at a
more conclusive diagnosis or differen-
tial diagnosis.

The Indeterminate Lesion

At the conclusion of this analysis, the
observer may have succeeded in iden-
tifying the lesion as a benign determi-
nate lesion. Even if the lesion cannot
be definitively characterized in this
way, one can provide a succinct differ-
ential diagnosis on the basis of the
available characteristics. However, if
the lesion cannot be confidently char-
acterized as a benign entity, then it is
an indeterminate lesion and requires
further evaluation. This concern
should be discussed with the ordering
clinician, and a biopsy should be
strongly considered. Indeed, the
WHO recommends that “soft tissue
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masses that do not demonstrate tu-
mor-specific features on MR images
should be considered indeterminate
and biopsy should always be obtained
to exclude malignancy” (2). In some
instances, especially in patients with
comorbidities or relative contraindica-
tions to biopsy, short-term imaging
follow-up may be an alternative.

Soft-tissue tumors and tumorlike lesions
are encountered often in daily radiologic
practice. The vast array of benign and
malignant entities can make lesion diag-
nosis overwhelming for the radiologist.
By systematically using clinical history, le-
sion location, mineralization on radio-
graphs, and SI characteristics on MR im-
ages, the radiologist can develop a short
and appropriate differential diagnosis.
MR images can be particularly useful for
characterizing benign lesions that do not
require imaging follow-up or biopsy, such
as lipomas and ganglia. In cases where a
soft-tissue lesion is indeterminate on the
basis of clinical and imaging features, bi-
opsy should be considered.
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