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tential tumor evaluation includes multipla-
nar conventional T1-weighted fat-suppressed 
fluid-sensitive (fat-suppressed T2-weighted, 
T2-weighted, or STIR) and unenhanced and 
contrast-enhanced fat-suppressed T1-weight-
ed sequences [1]. In cases of inhomogeneous 
fat suppression, the quality of the images can 
be improved with subtraction technique. A 
T2*-weighted (gradient-echo) sequence may 
added in cases of suspected pigmented villo-
nodular synovitis and calcific tendinitis to as-
sess for blooming artifact related to hemosid-
erin deposition and hydroxyapatite deposition 
disease (HADD), respectively [5]. The unen-
hanced and contrast-enhanced images must 
be obtained with identical imaging parame-
ters to allow adequate and quantitative assess-
ment of enhancement. The contrast-enhanced 
fat-suppressed T1-weighted images should 
be compared with caution to the non–fat-sup-
pressed unenhanced T1-weighted images, be-
cause some masses, such as ganglion cysts 
and adventitial bursitis, appear hyperintense 
on fat-suppressed T1-weighted images, sim-
ply because fat suppression has been applied, 
and this imaging effect could be inadvertently 
mistaken for contrast enhancement [1] (Fig. 
1). If possible, IV contrast imaging should 
be performed with a dynamic time-resolved 
technique. The temporal resolution of the lat-
ter sequence can be used to assess the hemo-
dynamics of lesions and to obtain an MR an-
giogram, which can assist in determining their 
vascular status for preoperative planning [6]. 
Chemical-shift imaging may also be further 
be added to the imaging protocol to examine 
possible associated marrow abnormalities.

Soft-Tissue Lesions: When Can We 
Exclude Sarcoma?

Avneesh Chhabra1

Theodoros Soldatos

Chhabra A, Soldatos T

1Both authors: Russell H. Morgan Department of 
Radiology and Radiological Science, Johns Hopkins 
Hospital, 601 N Caroline St, Baltimore, MD 21287. Address 
correspondence to A. Chhabra (achhabr6@jhmi.edu).

Musculoskeleta l  Imaging •  Review

AJR 2012; 199:1345–1357

0361–803X/12/1996–1345

© American Roentgen Ray Society

S
pace-occupying soft-tissue lesions 
are frequently detected on MRI 
studies, either as incidental find-
ings or during the evaluation of 

palpable abnormalities or focal symptoms. In 
this setting, the exclusion of malignancy is the 
initial and most important step of the treatment 
algorithm. Histologic examination remains the 
definite means to establish the diagnosis, but 
routine biopsy of all soft-tissue lesions is not 
practical or cost effective. Although more than 
99% of soft-tissue lesions are benign, those re-
ferred for MRI evaluation have a higher likeli-
hood of being malignant because they have 
raised some concern on the part of the physi-
cian. However, a considerable number of le-
sions among them still have a pathognomonic 
appearance on MRI, rendering their biopsy 
redundant. It is therefore important that be-
nign lesions are excluded using MRI, before 
embarking on invasive procedures. In addi-
tion, a number of patients cannot undergo 
surgical or interventional procedures and may 
suffer from unnecessary morbidity and mor-
tality [1–4]. This article provides a systemat-
ic approach to the assessment of soft-tissue 
mass lesions, along with a guide to the stepwise 
evaluation and prudent use of various pathog-
nomonic imaging features that assist in differ-
entiating benign from indeterminate, and thus 
potentially malignant, entities.

Imaging Technique
Accurate assessment of the location, ex-

tent, borders, and signal intensity is para-
mount for the characterization of soft-tissue 
lesions. A typical imaging protocol for po-
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OBJECTIVE. A wide spectrum of space-occupying soft-tissue lesions may be discovered 
on MRI studies, either as incidental findings or as palpable or symptomatic masses. Charac-
terization of a lesion as benign or indeterminate is the most important step toward optimal 
treatment and avoidance of unnecessary biopsy or surgical intervention.

CONCLUSION. The systemic MRI interpretation approach presented in this article en-
ables the identification of cases in which sarcoma can be excluded.
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Imaging Assessment
The reader should carefully evaluate the 

lesion in terms of its size, borders, and inter-
nal signal characteristics on all imaging se-
quences. MRI features of soft-tissue lesions 
that are suggestive of malignancy include 
ill-defined borders; infiltration or invasion 
of adjacent structures; size greater than 5 
cm; deep location; heterogeneous T1 and 
T2 signal intensity; high T2 signal intensity 
of surrounding tissues, indicative of edema 
disproportionate to the size of the lesion, a 
feature not applicable in patients with previ-
ous surgery, radiation, or suspected inflam-
mation; necrosis; intralesional hemorrhage; 
bone or neurovascular involvement; ear-
ly contrast enhancement, followed by pla-
teau or washout; and peripheral, nodular, or 
heterogeneous internal enhancement [4–7]. 
The prevalence of these features is, howev-
er, variable [4, 7, 8]. In addition, a consid-
erable number of benign lesions show many 
of the aforementioned features. The reader 
should therefore follow the following sys-
tematic stepwise approach to define lesions 
as benign or indeterminate (i.e., potentially 
malignant or sarcoma).

Stepwise Evaluation
The following outline of a series of eval-

uation steps (summarized in Table 1) should 
be followed for optimal soft-tissue lesion 
assessment.

Step 1: Could the Lesion Be a  
Normal Structure?

Care should be taken to avoid misdiagnos-
ing normal anatomic variations as tumors. 
Although most parts of the body are symmet-
ric, discrepancy in size, course, or orienta-
tion between the sides may lead to the sub-

jective impression of the presence of a mass 
lesion [2]. A wide array of accessory, super-
numerary, and anomalous skeletal muscles 
have been described in the literature and are 
detected as a space-occupying mass causing 
palpable lesion, compression syndrome, or 
incidental findings on imaging studies (Fig. 
2). The aforementioned muscles should not 
cause a diagnostic dilemma because they fea-
ture signal and enhancement characteristics 
similar to the adjacent muscles on all pulse 
sequence and attach to bones via tendinous 
insertions [3, 9]. Muscle strains are associ-
ated with intramuscular edema or fluid col-
lections, which can be extensive and inhomo-
geneous, mimicking an infiltrative process. 
Strained muscles, however, maintain their 
striated architecture and show gradual resolu-
tion of findings on short-term follow-up stud-
ies (Fig. 3). Intramuscular hematoma pro-
duces peripheral enhancement, as opposed 
to solid intramuscular mass lesion [10, 11]. 
Muscle hernias are associated with epimysi-
al defects, which allow muscles to bulge into 
the subcutaneous fat, and present as soft-tis-
sue masses on clinical and imaging examina-
tion. The entity typically presents in the low-
er extremities and is diagnosed based on the 
detection of the fascial defect and the visual-
ization of anatomic continuity and similarity 
in signal intensity, architecture, and enhance-
ment characteristics between the protruded 
lesion and the underlying muscle [12, 13]. 
Ultrasound is usually preferred for real-time 
assessment of these lesions. Localized prom-
inent unencapsulated fat tissue, usually re-
sulting from rapid changes in weight or ster-
oid use, may also mimic a neoplastic process. 
The typical fat signal characteristics and ab-
sence of contrast enhancement enables accu-
rate characterization [2].

Step 2: Does the Lesion Contain Mostly Fluid?
Soft-tissue hematomas frequently mani-

fest as space-occupying lesions, mimicking 
neoplasms in patients with or without a clear 
history of trauma. In most cases, history and 
clinical findings are exculpatory; however, 
MRI may be used to evaluate indeterminate 
lesions or underlying tumors. Although hema-
tomas may feature variable signal characteris-
tics, areas of T1 hyperintensity corresponding 
to methemoglobin, a peripheral rim of hemo-
siderin in subacute to chronic stages of the le-
sion, surrounding soft-tissue edema, and an 
absence of contrast enhancement or a thin rim 
of peripheral enhancement strongly support 
the diagnosis, and lesions may simply be fol-
lowed to resolution [8, 14, 15] (Fig. 4).

Seromas, ganglion cysts, and intramuscu-
lar cysts (such as in the setting of rotator cuff 
tear) typically show low and high signal inten-
sity on T1-weighted and T2-weighted images, 
respectively, and again enhance only periph-
erally after contrast agent administration [16, 
17] (Fig. 5). Geyser phenomenon refers to a 
large synovial cyst that arises from the acro-
mioclavicular joint and projects into the sub-
cutaneous tissues and is typically associated 
with a long-standing full-thickness rotator cuff 
tear and acromioclavicular ligament tears [18, 
19] (Fig. 6). In Morel-Lavallée (or deglov-
ing) lesions, a posttraumatic space-occupying 
cavity is formed in the layers of the subcuta-
neous tissues, between the skin and deep fas-
cia, which fills with blood, lymph, debris, or 
fat. Apart from a history of recent or remote 
trauma, these lesions are well defined and are 
oval, fusiform, or crescent-shaped on MRI 
and may show fluid-fluid levels, septations, 
and variable signal intensity, but they have no 
or only peripheral contrast enhancement [20, 
21] (Fig. 7). Soft-tissue abscesses usually arise 

TABLE 1: Stepwise Evaluation of Soft-Tissue Masses

Points to Consider Regarding the Lesion in Question Entities to Consider and Excludea

Could it be a normal structure? Accessory, supernumerary, or anomalous muscle; muscle strain; muscle hernia; and unencapsulated 
fat tissue

Does it have fluid? Hematoma, seroma, ganglion cyst or myxoma, intramuscular cyst, geyser phenomenon, Morel-Lavallée 
lesion, and abscess

Does it have fat? Lipoma, hemangioma, elastofibroma, heterotopic ossification, and neural fibrolipomatous hypertrophy

Does it have prominent areas of T2 hypointensity? Fibroma, fibromatosis, soft-tissue callus, and hydroxyapatite deposition disease

Is it located within or adjacent to a joint? Synovial chondromatosis, pigmented villonodular synovitis, ganglion cyst or geyser phenomenon, loose 
body, synovial hemangioma, lipoma arborescens, and particle disease

Is it related to a tendon or ligament? Giant cell tumor, hydroxyapatite deposition disease, amyloid, gout, and xanthoma

Is it a predominantly vascular abnormality? Venous malformation, arteriovenous malformation, and lymphatic malformation

Is it a nerve-related abnormality? Peripheral nerve sheath tumor, fibrolipomatous hamartoma, and perineurioma
aThese are entities that should be considered and excluded according to MRI findings, before reporting a soft-tissue mass as indeterminate and, thus, potentially malignant.
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in the setting of local inflammation (cellulitis) 
and present on MRI as organized fluid collec-
tions with surrounding edema or inflammatory 
changes, cutaneous ulcer, or sinus tracts and 
early enhancing wall, which becomes more 
intense over time [22, 23].

In myxoid tumors, either benign (myxoma) 
or malignant (e.g., myxoid liposarcoma, myxo-
fibrosarcoma, and myxoid pleomorphic sarco-
ma), the myxoid component commonly pro-
duces a fluidlike T2 hyperintense signal. The 
lesions may erroneously be perceived as simple 
cysts, unless streaks of fat or solid components 
(present in many myxoid liposarcomas) are 
recognized or if contrast agent is administered 
to show lacy or patchy enhancement (present 
in benign myxoid lesions) [24, 25] (Fig. 8).

Step 3: Does the Lesion Contain Fat?
A mass is considered as containing fat when 

it features T1 areas of T1 hyperintensity that 
are suppressed on fat-saturated images. Mass-
es composed entirely of fat, with only mini-
mal thin septations and without nonfatty nod-
ular components, can safely be diagnosed on 
MRI as simple lipomas [26, 27]. The latter are 
commonly encountered in the subcutaneous 
tissues and feature signal characteristics iden-
tical to the subcutaneous fat on all sequences. 
Heterotopic lipomas can develop within skele-
tal muscles, tendon sheaths, joints, and nerves. 
Intramuscular lesions may look heterogene-
ous; on careful evaluation, however, the ap-
parent septations are related to spared or tra-
versing muscle fibers around the fat lobules 
of the lesions, featuring signal and enhanc-
ing characteristics similar to those of the re-
mainder of the muscle or the adjacent normal 
muscles [7, 28] (Fig. 9). Lesions with thick-
er septations or “dirty-fat” appearance, attrib-
uted to fat necrosis, fibrosis, inflammation, or 
myxoid change, are described as atypical li-
pomatous tumors and are histologically sim-
ilarly classified as well-differentiated liposar-
comas, which more commonly develop in the 
deeper tissues, such as the retroperitoneum, 
and show slow growth. Depending on the lo-
cal institutional treatment strategy and under-
lying patient functional status, the aforemen-
tioned lesions may be biopsied or followed for 
interval growth [29]. Lesions that are larger 
than 10 cm, contain septa thicker than 2 mm, 
have nodular nonfatty components, and show 
significant interval growth are suspicious for 
liposarcomas and warrant biopsy [1]. Other 
benign lesions that may contain macroscopic 
fat include hemangioma, elastofibroma, het-
erotopic ossification, and neural fibrolipoma-

tous hypertrophy. Elastofibromas are most 
commonly seen along the inferomedial bor-
der of the scapula beneath the latissimus dorsi 
muscle and feature fibrofatty striations. They 
are highly vascular lesions, and biopsy should 
be avoided, given their typical location and 
MRI appearance [7, 30] (Fig. 10). Heterotopic 
ossification may look aggressive on MRI, es-
pecially if there is no history of injury, and the 
findings are analyzed in isolation. Radiograph 
or CT may show a peripheral mature rim of 
calcification and progressive central calcifica-
tion on follow-up imaging [31].

Step 4: Does the Lesion Feature Prominent 
Areas of T2 Hypointensity?

The detection of areas of T2 hypointensi-
ty (with respect to the signal intensity of the 
skeletal muscles) can narrow the differential 
diagnosis, predominantly to entities that con-
tain fibrous tissue, hemosiderin, or calcifica-
tion [1]. Possible lesions include fibroma and 
fibromatosis (common in the plantar and pal-
mar fascia), callous, HADD, giant cell tumor 
of the tendon sheath, gout, and amyloid. Plan-
tar fibroma is typically seen as a pea-shaped 
mass in relation to the central cord of the plan-
tar fascia in the midfoot. Apart from T2 hy-
pointensity, it shows homogeneous enhance-
ment after contrast agent administration [32] 
(Fig. 11). Plantar fibromatosis (Ledderhose 
disease) is seen as a locally aggressive le-
sion with sheetlike thickenings and multifocal 
masses that feature mixed T2 signal intensity, 
depending on cellularity and the percentage of 
fibrous tissue. Heterogeneous enhancement is 
typical [33, 34]. Soft-tissue callus is a super-
ficial soft-tissue thickening that develops as a 
response to chronic mechanical pressure. It is 
usually found in the submetatarsal soft tissues 
of the forefoot and features intermediate-to-
low signal intensity on MRI, along with poor 
enhancement [35] (Fig. 12). HADD usually 
develops at the supraspinatus tendon insertion 
as a T2-hypointense deposit, which blooms on 
T2*-weighted images. Radiograph correlation 
is helpful to detect calcifications. When the in-
flammation is extensive, the entity may mimic 
a mass lesion and might mislead unwary read-
ers [36, 37] (Fig. 13). MRI shows the extent of 
the inflammation, as well as the associated ro-
tator cuff tears.

Step 5: Is the Lesion Located Within  
or Adjacent to a Joint?

It is exceedingly rare for the malignant le-
sions to begin in a joint [38]; therefore, malig-
nancy can be essentially excluded on the de-

tection of an intraarticular mass. In cases of 
intraarticular masses, the differential diagno-
sis should include synovial chondromatosis, 
pigmented villonodular synovitis, ganglion 
cyst, loose bodies, synovial hemangioma, and 
lipoma arborescens. In synovial chondromato-
sis, the synovial lesions may coalesce to form 
a nonenhancing conglomerate mass, which is 
usually isointense and hyperintense to muscle 
on T1- and T2-weighted images, respectively. 
In advanced stages, the individual lesions may 
be identified within the mass, featuring central 
signal intensity analogous to fatty bone mar-
row and low-signal periphery analogous to 
cortical bone [39, 40]. Pigmented villonodu-
lar synovitis is characterized by hypertrophied 
synovium that presents as a focal masslike le-
sion or as diffuse areas of synovial thickening 
with low signal lining on T2- or T2*-weight-
ed images (Fig. 14). There may be associated 
bone erosions [41, 42]. Ganglion cyst, which 
is usually associated with previous injury, is 
located adjacent to the joint capsule, menis-
cus, labrum, and specific congenital bursa or 
adventitial bursa and features T2-hyperintense 
and nonenhancing or peripherally enhancing 
uni- or multilocular contents. A neck can usually 
be traced from the lesion to the originating fluid-
containing structure. Loose bodies, which can 
be large and often contain marrow and hypo-
intense peripheral lining, do not enhance and 
are more conspicuous on T2*-weighted im-
ages (Fig. 15). The contents may be heteroge-
neous (e.g., due to posttraumatic hemorrhage, 
infectious exudate, rheumatoid rice bodies, or 
chondromatosis nodules). Synovial hemangi-
oma appears as a lobulated mass with inter-
mediate and markedly high signal intensity 
on T1- and T2-weighted images, respective-
ly, and usually features low–signal-intensi-
ty linear structures corresponding to fibrous 
septa or vascular channels [40, 43, 44]. In lip-
oma arborescens, frondlike projections of hy-
pertrophied synovium show signal intensity 
similar to that of fat on all imaging sequences 
[45–47]. It is very common to see the appear-
ances of partial or complete lipoma arbores-
cens as part of synovial fibrofatty hypertro-
phy in internally deranged joints, especially 
surprapatellar pouch of the knee joint, rath-
er than as a primary process. The latter case 
may, however, require synovectomy. Despite 
its name, synovial sarcoma only rarely occurs 
within joints. In cases of previous arthroplasty, 
prosthesis, or graft, low–signal-intensity debris, 
capsular thickening, joint effusion, and syno-
vitis may mimic an aggressive process but 
are suggestive of particle disease (Fig. 16).
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Step 6: Is the Lesion Related to a Tendon  
or Ligament?

For lesions that are attached to tendon or 
ligaments, a wide spectrum of benign enti-
ties should be excluded before considering 
the possibility of a sarcoma. The focal form 
of pigmented villonodular synovitis may arise 
in tendon sheaths, in which case it is termed 
“giant cell tumor of the tendon sheath” and 
typically appears as a space-occupying lesion 
of low signal intensity on all pulse sequenc-
es, with variable degrees of contrast enhance-
ment [48, 49]. HADD most commonly affects 
the rotator cuff insertion, and the acute phase 
of the disease is associated with marrow and 
soft-tissue edema that can mimic a neoplasm 
[50]; however, the characteristic round depos-
its of low signal intensity on all imaging se-
quences (particularly in T2*-weighted im-
ages) are sufficient to establish the diagnosis 
(Fig. 13). Xanthomas (localized accumula-
tions of lipid in the setting of hypercholester-
olemia or hyperlipoproteinemia) may involve 
tendons (most commonly the Achilles tendon) 
and cause focal fusiform tendon enlargement, 
mimicking a neoplasm. Affected tendons fea-
ture speckled or reticulated architecture and 
heterogeneous signal intensity on all imaging 
sequences, an appearance that is more obvious 
on fat-suppressed T1-weighted images [51] 
(Fig. 17). Amyloid and gout deposition may 
occur in tendons, causing focal masslike en-
largement that is hypointense on T2-weighted 
images. The lesions are usually periarticular, 
whereas the underlying history of chronic sys-
temic disease and hyperuricemia points to the 
prospective diagnosis [52, 53] (Fig. 18).

Step 7: Is It a Predominantly Vascular Lesion?
Intense enhancement, dilated vessels within 

or adjacent to the lesion in question, flow voids, 
and round signal voids should suggest the pres-
ence of a vascular mass [54]. Vascular malfor-
mations may cross fascial boundaries and in-
volve multiple different tissues; however, they 
typically show no perilesional edema or mass 
effect and are serpiginous in nature. Hemangi-
oma shows a homogeneously enhancing soft-
tissue mass and is seen in children as congenital 
capillary or cavernous form. It may be further 
characterized as noninvoluting congenital he-
mangioma or rapidly involuting hemangioma, 
but virtually all are seen in soft tissues before 
10 years of age. Venous malfornations are more 
commonly seen in young and adult patients 
and these appear as heterogeneous lobulated 
masses that show moderate and high signal 
intensity on T1- and T2-weighted images, re-
spectively (Fig. 19). These lesions commonly 

feature a central angiomatous core of T2 hyper-
intensity, as well as fat proliferation along the 
circumference of the vascular complex. Small 
internal round flow voids correspond to phlebo-
liths. Intralesional flow voids indicate a high-
flow vascular lesion, typically an arteriovenous 
malformation. The flow voids represent dys-
plastic vessels in the center of the lesion and are 
usually associated with dilated tortuous feeding 
arteries and draining veins. The absence of flow 
voids is indicative of slow-flow variants, such 
as venous or lymphatic malformations [55–58]. 
Lymphatic malformations are typically seen in 
the setting of Klippel-Trenaunay-Weber syn-
drome and show peripheral enhancement only. 
Intralesional blood-fluid levels may coexist 
[59]. Time-resolved contrast imaging is use-
ful in differentiating the aforementioned mal-
formations and depicting arteriovenous areas, 
which appear as early venous drainage during 
the arterial phase of the examination.

Step 8: Could the Lesion Be Nerve Related?
Space-occupying lesions located along the 

anatomic course of peripheral nerves are sus-
picious for peripheral nerve sheath tumors. 
The diagnosis is strongly suspected on the 
presence of one or more of characteristic im-
aging signs, such as the tail, target, split-fat, 
fascicular, and bag-of-worms signs. Accu-
rate differentiation between benign and ma-
lignant tumors is not reliably possible by 
MRI, although malignancy is strongly sug-
gested in cases of ill-defined or infiltrative 
lesions [60]. In our recent experience, dif-
fusion imaging, particularly diffusion tensor 
imaging, is a useful adjunct tool short of bi-
opsy to differentiate benign from malignant 
lesions. Higher apparent diffusion coefficient 
values indicating less cellularity are seen in 
benign lesions and tractography differences 
exist among benign and malignant lesions 
[61]. Focal fusiform nerve enlargement as-
sociated with fatty proliferation and thicken-
ing of nerve bundles is indicative of fibroli-
pomatous hamartoma [61, 62]. The latter is 
associated with mononeuropathy and, poten-
tially, macrodystrophia lipomatosa. Fibroli-
pomatous hamartoma features a classic co-
axial cable appearance on axial images and 
a spaghetti appearance on longitudinal imag-
es (Fig. 20). Perineurioma is another benign 
tumor that can be prospectively diagnosed 
on MRI. Diagnostic criteria include young 
age, insidious motor functional loss, fusiform 
nerve enlargement outside the entrapment 
sites, uniform honeycomblike fascicular en-
largement, homogeneous enhancement, and 
lack of history of neurocutaneous syndromes, 

such as neurofibromatosis or schwannomato-
sis [63] (Fig. 21).

Conclusion
The implementation of a systematic ap-

proach in the MRI evaluation of soft-tissue 
lesions assists in the accurate identification 
of benign entities and the proper selection of 
indeterminate (and potentially malignant) 
cases, thereby limiting the number of unwar-
ranted biopsies and surgical interventions.
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A

Fig. 1—24-year-old man with adventitial bursitis who 
presented with foot swelling and pain for few months. 
A and B, Coronal fat-suppressed T2-weighted (A) and 
unenhanced fat-suppressed T1-weighted (B) images 
of forefoot exhibit well-defined fluid collection 
(arrow) adjacent to first metatarsophalangeal joint. 
On unenhanced image (B), lesion is hyperintense, 
finding that should not be erroneously interpreted as 
contrast enhancement.

B

A

Fig. 2—51-year-old man with asymmetric muscle enlargement in pelvis. 
A and B, Axial T1-weighted (A) and coronal fat-suppressed contrast-enhanced T1-weighted (B) images in patient with suspected soft-tissue sarcoma on outside imaging 
show asymmetric enlargement of right tensor fascia lata muscle (arrow) corresponding to palpable abnormality. Corresponding left-sided muscle (arrowhead) is normal 
in size.

B

A

Fig. 3—15-year-old boy with muscle strain of left knee. 
A and B, Axial (A) and coronal (B) fat-suppressed T2-weighted images show heterogeneous hyperintensity of popliteus muscle (arrow) attributed to asymmetric edema 
or hemorrhage. 
C, Follow-up axial fat-suppressed T2-weighted image obtained 2 months after initial study shows partial resolution of muscle edema (arrow).

CB
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A

Fig. 4—45-year-old woman with subacute hematoma of anterior abdominal wall.
A–C, Axial T1-weighted (A), fat-suppressed T2-weighted (B), and fat-suppressed contrast-enhanced T1-weighted subtraction (C) images through abdomen show well-
defined nonenhancing fluid collection (arrow) containing subacute blood.

CB

A

Fig. 5—42-year-old woman with ganglion cyst. 
A–C, Axial fat-suppressed T2-weighted (A), unenhanced (B), and contrast-enhanced (C) fat-suppressed images through left knee show well-defined multilobulated fluid 
collection (arrow) with rim enhancement, consistent with ganglion cyst in relation to transverse ligament. Menisci were normal.

CB

A

Fig. 6—61-year-old man with history of prostate 
carcinoma who presented with palpable mass at 
point of shoulder, which was found to be geyser 
phenomenon. 
A and B, Sagittal fat-suppressed T2-weighted (A) 
and contrast-enhanced fat-suppressed T1-weighted 
(B) images through left shoulder show well-defined 
fluid collection (arrow) with rim enhancement, which 
lies in broad contact with acromioclavicular joint 
and projects in overlying subcutaneous tissues. 
Underlying chronic rotator cuff deficiency and 
arthropathy are present.

B
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Fig. 7—43-year-old man with Morel-Lavallée lesion and remote history of pelvic injury. 
A and B, Axial T1-weighted (A) and fat-suppressed T2-weighted (B) images through pelvic floor show well-defined multilobulated fluid collection (arrow) located 
between skin and underlying fascia. Lesion regressed over period of few months.

B

A

Fig. 8—53-year-old woman who presented with mild thigh pain due to cystic myxoma. 
A–C, Axial T1-weighted (A), STIR (B), and fat-suppressed contrast-enhanced T1-weighted (C) images through midthigh show peripherally enhancing cystic lesion (arrow, 
A), which was biopsy proven to be benign myxoma.

CB

Fig. 9—65-year-old man with intramuscular lipoma. 
Coronal T1-weighted image of right shoulder 
shows space-occupying lesion (arrow) with signal 
analogous to fat, within supraspinatus muscle.
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A

Fig. 10—56-year-old woman with elastofibroma dorsi 
manifesting as palpable mass in right axilla. 
A and B, Axial T1-weighted (A) and fat-suppressed 
T2-weighted (B) images through upper thorax 
show space-occupying lesion (arrow) between 
inferomedial border of scapula and latissimus dorsi 
muscle, featuring fibrofatty striations, classic 
appearance, and location of elastofibroma dorsi.

B

A

C

Fig. 11—40-year-old man with plantar fibroma. 
A–C, Axial T1-weighted (A), fat-suppressed T2-weighted (B), and fat-suppressed 
contrast-enhanced T1-weighted (C) images of midfoot show enhancing pea-
shaped lesion (arrow) in relation to central cord of plantar fascia, consistent with 
fibroma.

B
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A

C

Fig. 12—45-year-old woman with plantar callous who presented with pain and 
swelling for 6 months along ball of third and fourth toes, worsening in last 2 weeks. 
A–C, Axial T1-weighted (A), fat-suppressed T2-weighted (B), and fat-suppressed 
contrast-enhanced T1-weighted (C) images of forefoot show T1-isointense 
predominantly T2-hypointense space-occupying lesion (arrows) underneath third 
and fourth metatarsals with poor enhancement, consistent with callous formation.

B

Fig. 13—56-year-old man with hemosiderin deposition and hydroxyapatite 
deposition disease. Coronal fat-suppressed T2-weighted image of right shoulder 
shows extensive edema and inflammation of supraspinatus muscle with multiple 
hypointensities (arrows) in muscle belly consistent with hemosiderin deposition 
and hydroxyapatite deposition disease.
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A

Fig. 14—35-year-old man with pigmented villonodular 
synovitis. 
A and B, Fat-suppressed axial T2-weighted (A) and 
sagittal T2*-weighted (B) images of right knee show 
hypertrophied synovium (arrow), presenting as 
focal masslike lesion of low signal intensity. Notice 
blooming on T2*-weighted image.

B

A

Fig. 15—46-year-old woman with loose 
osteochondral body. 
A and B, Sagittal proton density–weighted (A) and 
fat-suppressed T2-weighted (B) images of knee 
show loose osteochondral body (arrow) containing 
central marrow signal within lateral aspect of 
suprapatellar bursa.

B

A

Fig. 16—69-year-old man with previous failed 
anterior cruciate ligament reconstruction. 
A and B, Sagittal T1-weighted (A) and fat-suppressed 
T2-weighted (B) images of knee show extensive soft 
tissue (arrows) occupying femoral and tibial tunnels. 
Findings are consistent with particle disease.

B
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Fig. 17—45-year-old man with 
intratendinous xanthoma and 
hypercholesterolemia. 
A and B, Sagittal T1-weighted (A) and 
axial T2-weighted (B) images of hindfoot 
exhibit focal enlargement (arrow) of 
Achilles tendon, featuring reticulated 
architecture and heterogeneous signal 
intensity.

B

A

Fig. 18—41-year-old man with intratendinous gout. 
A–C, Sagittal proton density–weighted (A), fat-suppressed T2-weighted (B), and fat-suppressed contrast-enhanced T1-weighted (C) images of knee show focal 
hypointense and peripherally enhancing lesion (arrow) in quadratus tendon. Patient had known increased uric acid levels. Biopsy was also positive for gout deposit.

CB

A

Fig. 19—36-year-old woman with intramuscular 
venous malformation. 
A and B, Axial T1-weighted (A) and fat-suppressed 
T2-weighted (B) images through lower femur show 
heterogeneous lobulated space-occupying mass 
(arrow) featuring wormlike vascular channels, with 
fluid levels in semimembranous muscle.

B
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A

Fig. 20—54-year-old man with fibrolipomatous hamartoma of median nerve. 
A and B, Axial fat-suppressed T2-weighted (A) and sagittal T1-weighted (B) images of hand show focal fusiform enlargement of median nerve (arrow), associated with 
fatty proliferation and thickening of nerve bundles. Notice coaxial cable appearance of median nerve in axial image and spaghetti appearance in long-axis image.

B

Fig. 21—15-year-old girl with perineurioma of sciatic 
nerve. Axial fat-suppressed T2-weighted image 
through femur shows honeycomblike fascicular 
enlargement of sciatic nerve (arrow) in this biopsy-
proven case.


