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Background

Superficial soft-tissue masses are common in clinical 
practice, and most of them are solid (1-4). Although they 
can be easily perceived, palpable and biopsied, radiological 
examinations are often used to assess their extension and 
depth of involvement, or to identify their relationship 
with the adjacent structures. Additionally, radiological 
examinations can depicture pathognomonic signs, such as 
fat components in lipoma or liposarcoma, or some specific 
signs to narrow differential diagnosis (3,5). Lesions that 
are assigned benign can be followed expectantly, whereas 
indeterminate or malignant lesions can be subjected to 
histological evaluation (1-3). Therefore, radiology can not 
only facilitate the diagnosis of superficial solid masses, but 

provide guides for treatment decision making.
The location of a solid mass within the superficial tissue 

is best described as cutaneous (epidermis and dermis); 
subcutaneous (adipose tissue, nerve tissue, fibrous tissue and 
vascular tissue etc.); or fascial (overlying the muscle) (4,6). 
Cutaneous lesions may be derived from the epidermis or 
dermis, and subcutaneous lesions may arise in the adipose 
tissue, or the fascia overlying the muscle (6,7). However, 
some lesions can invade the cutaneous and subcutaneous 
tissue simultaneously (4,6). For purposes of comprehensive 
understanding and analysis, it is most useful to categorize 
superficial soft-tissue solid masses by histology as skin 
appendage tumors, mesenchymal tumors and metastatic 
tumors.

Generally, most cutaneous tumors arising from the skin 
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appendage are easily seen and are liable to make a diagnosis 
accurately in the clinic, and metastatic tumors can also be 
easily diagnosed by clinical history, so imaging examination 
is limited (6). However, some large mesenchymal tumors 
arising from the cutaneous and subcutaneous tissue, 
especially with a malignant tendency, should be evaluated 
the area and depth pre-operatively. Current imaging 
techniques have markedly improved our ability to detect 
and diagnose these superficial soft tissue tumors (5,6,8,9). 
The anatomic location of lesions, the patient’s age, imaging 
characteristics, and clinical manifestations should be taken 
into account for the differential diagnosis.

In this article, imaging features of a spectrum of 
histologically proven superficial soft-tissue solid mesenchymal 
tumors from our institution will be presented. It is intended 
as a comprehensive review with emphasis on relatively more 
common masses within the superficial soft-tissue, and 
the diagnosis may be suggested by radiological imaging 
especially magnetic resonance imaging (MRI). According 
to the 2013 version of World Health Organization (WHO) 
classification of soft tissue tumors, common superficial 
mesenchymal tumors will be presented in this article, 
including adipocytic tumors, fibroblastic/myofibroblastic 
tumors, pericytic/perivascular tumors, vascular tumors, 
nerve sheath tumors, and undifferentiated/unclassified 
sarcomas.

PET/CT has been increasingly used in bone and soft 
tissue sarcomas and provides advantages in the initial tumor 

staging, tumor grading, therapy assessment, and recurrence 
detection (10,11). PET/MRI may indeed provide greater 
accuracy than the currently available imaging procedures in 
the staging and later therapeutic response evaluation in soft 
tissue tumors (12,13).

In this paper, we mainly review the imaging characteristics 
on CT and MRI of superficial soft tissue tumors.

Adipocytic tumors

Adipocytic tumors are quite common and represent 
the largest single group of mesenchymal tumors (14). 
Lipoma is the most common benign adipocytic tumor, and 
liposarcoma is its malignant contrariety (14).

Lipoma

Lipoma is the most common soft tissue tumor in adults and 
is most frequent between the ages of 40 and 60. Superficial 
lesions are much more common than deep lesions. Lipoma 
is usually solitary, and approximately 5% of patients have 
multiple lesions. Most lipomas are small, 80% of which are 
less than 5 cm (6). Patients with superficial lipomas usually 
present with slowly growing subcutaneous soft tissue mass. 
Lesions are most commonly located on the trunk, shoulder, 
upper arm, and neck. Lipomas are usually asymptomatic, 
although the local pain, tenderness, and compression of 
peripheral nerves present in up to 25% of patients (14,15).

On CT and MR imaging, lipoma appears as homogeneous 
density or signal similar to that of subcutaneous fat. Thin 
fibrous septa are occasionally seen (16). Fatty components 
are pathognomonic for lipomas. On CT scanning, a 
lipoma demonstrates a homogeneous low attenuation with 
approximately −65 to −120 HU. Comparison of the tissue 
attenuation of tumor to that of surrounding normal fat 
is more reliable for diagnosis than an absolute CT value 
(Figure 1). A lipoma does not have discernible enhancement 
following the intravenous administration of contrast 
medium. When a lipoma is encapsulated, a surrounding 
fibrous capsule of low signal intensity on MRI may be 
delineated (Figure 2) (6,17). Alternatively, the capsule of a 
superficial lipoma may not be present or may be too thin to 
be perceived on imaging studies. On occasion, superficial 
lipomas may be difficult to distinguish from the adjacent 
adipose tissue. Comparison with the contralateral side 
can also be useful to identify subtle focal asymmetry (6).  
However, when a mass is with fat components and 
heterogeneous texture, a liposarcoma should be suspected.

Figure 1 A 48-year-old female presenting with an encapsulated 
superficial lipoma intra-muscle of the right posterolateral chest 
wall. Axial unenhanced CT image shows a subtle mass (arrow) with 
attenuation identical to that of the subcutaneous adipose tissue.
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Liposarcoma

Liposarcoma is the second most common soft tissue 
sarcoma with a variety of clinical presentations (18). 
Correspondingly they have a wide spectrum of imaging 
appearances that reflect its histologic heterogeneity, ranging 
from lesions nearly entirely composed of mature adipose 
tissue to those with very sparse fatty elements (18,19). In 
cases with fatty tissue in the masses, a diagnosis could be 
easily made (16). However, it is not achievable in other 
cases without fatty tissue in lesions. For radiological 
diagnosis, it is useful to separate well-differentiated from 
poorly differentiated liposarcoma in groups (16). Well-
differentiated liposarcomas often display a predominantly 
fatty mass, with irregular, thickened, linear, swirled, and/or 
nodular septa (16,20,21). Myxoid and pleomorphic lesions 
usually show less fat and more heterogeneity (Figure 3) (21).

 Fibroblastic/myofibroblastic tumors

Fibroblastic/myofibroblastic tumors are a heterogeneous 
group of neoplastic lesions in clinical practice and are seen 
in all age groups. The superficial types of these tumors 

mainly include benign (nodular fasciitis, elastofibroma, 
desmoplastic fibroblastoma), intermediate, locally aggressive 
(palmar/plantar fibromatosis), and intermediate, rarely 
metastasizing [dermatofibrosarcoma protuberans (DFSP)].

Benign fibroblastic/myofibroblastic tumors 

Nodular fasciitis
Nodular fasciitis is a self-limiting benign fibrous neoplasm 
that usually occurs in subcutaneous tissue, which is 
composed of uniform fibroblasts or myofibroblasts (22,23). 
Nodular fasciitis primarily affects young adults (20 to 
40 years of age) without a sex predilection. The upper 
extremity is the most frequently involved site, particularly 
the volar aspect of the forearm, followed by the lower 
extremities, head/neck, and trunk (22). Lesions may grow 
rapidly, initially suggesting an aggressive tumor. Lesions are 
typically subcutaneous and present as subcutaneous nodules, 
attaching to superficial fascia, although deeper locations 
may be affected. Mild pain or tenderness may be present in 
approximately 50% of cases. Complete excision is usually 
curative (23).

Figure 2 A 52-year-old female presenting with an encapsulated superficial (subcutaneous) lipoma in the left upper abdominal wall. (A) Axial 
T2WI with fat suppression displays a mass of fusiform shape with low signal along the subcutaneous tissue of the left abdominal wall (arrow); 
(B) axial T1WI shows high signal intensity homogeneously (arrow); (C) axial T1WI with fat suppression displays that the signal of the lesion 
decreases markedly (arrow); (D) axial T1WI after intravenous administration of gadolinium shows no enhancement in the mass (arrow). 
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The radiological description of nodular fasciitis is limited 
in the literature. Lesions may be ill-defined or well-defined 
on CT, with soft tissue attenuation similar to or mildly 
less than that of skeletal muscle (24-26). Subcutaneous 
lesions are frequently well-defined, delineated by the 
surrounding fat. MR imaging shows nonspecific low-to-
intermediate signal intensity on T1WI and an intermediate-
to-high signal on T2WI, with moderate to marked diffuse 
enhancement after intravenous administration of contrast 
medium (24-26). An important diagnostic feature at MRI 
is the linear extension along the superficial fascia (fascial 
tail sign), and mild surrounding edema may be seen on MR 
images (Figure 4) (24,27).

Elastofibroma
Elastofibroma is a benign, ill-defined proliferation of 

elastofibrous tissue characterized by an excessive number 
of abnormal elastic fibers (28). It occurs mostly in the 
elderly, with a peak incidence between the seventh and 
eighth decades of life. There is a striking predominance in 
females (28). Elastofibroma mostly occurs in a periscapular 
location, related to the scapular tip (29), and may be 
bilateral in some cases (28,30). On CT and MR imaging, 
the periscapular masses often contain small amounts of 
entrapped fat with otherwise nonspecific features. MR 
images frequently reveal intermediate signal intensity 
on T1WI and T2WI (29-31). The location and imaging 
appearance with entrapped fat is pathognomonic of 
elastofibroma (Figure 5). Elastofibroma has a characteristic 
location (infrascapular and periscapular region, deep 
to serratus anterior and latissimus dorsi) and a specific 
imaging appearance allowing accurate prospective 
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Figure 3 A 38-year-old woman with a superficial (subcutaneous), myxoid and pleomorphic liposarcoma involving the right shoulder back. (A) 
Unenhanced axial CT image shows ill-defined margins of tumor with fat attenuation as well as irregular zones with intermediate soft tissue 
attenuation (arrow); (B) contrast enhanced CT image shows marked heterogeneous contrast enhancement within the tumor and scattered 
unenhanced areas reflecting necrosis and myxoid components (arrow); (C) axial T1-weighted image and (D) conventional T2-weighted 
image with fat saturation demonstrate a large mass in the right shoulder back with predominantly mixed signal intensity on T1-weighted and 
T2-weighted images (arrows); (E) scattered areas within the mass show increased signal intensity on T1-weighted image with fat saturation 
due to subacute hemorrhage; (F,G) after intravenous administration of Gd-DTPA, the lesion is markedly heterogeneous enhancement on 
axial enhanced T1-weighted images with fat saturation. Some unenhanced areas within the lesion suggest necrosis and myxoid components.
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Figure 4 A 20-year-old woman with nodular fasciitis involving the wrist. (A) Coronal T1WI, (B) coronal T2WI with fat saturation, (C) 
axial T1WI, and (D) axial T2WI with fat saturation show a subcutaneous oval heterogeneous mass lying to the palmar carpal canal, with 
intermediate signal on T1WI and moderately high signal on T2WI (arrows). There is mild surrounding edema and fascial extension. The 
higher signal centrally on T2WI suggests the necrosis.

diagnosis. These lesions are bilateral in up to 60% of cases 
and when unilateral are more often seen on the right than 
left. The diagnosis of elastofibroma is readily established 
by typical anatomical location at the lower pole of the 
scapula and the clinical symptom of a scapular clunk as the 
arm is abducted or adducted (29-31).

Desmoplastic fibroblastoma
Desmoplastic fibroblastoma is a benign, paucicellular, soft 
tissue tumor with abundant collagenous or myxocollageneous 
matrix, low vascularity, and scattered, stellate-shaped and 
spindled fibroblastic cells (32,33). It usually affects patients 
in the fifth to seventh decades of life (70% of cases) and is 
more frequent in men. Lesions are most common in the 
subcutaneous tissue of the upper extremity, followed by 
the lower extremity, head/neck, back, and feet. More than 
50% of lesions are larger than 5 cm (32-34). Desmoplastic 
fibroblastoma is a well-circumscribed, white to gray, 

subcutaneous mass, although infiltration of the surrounding 
fat, superficial fascia and muscle. Imaging findings of 
desmoplastic fibroma are described in only a limited 
number of case reports (34). MR imaging reveals prominent 
low signal intensity on all pulse sequences (Figure 6), due 
to hypocellular collagen. Only mild contrast enhancement 
is seen, which is in marked distinction from the majority of 
fibromatoses (34,35).

Intermediate-locally aggressive fibroblastic/myofibroblastic 
tumors

Palmar/plantar fibromatoses are fibroblastic proliferations 
that arise in the palmar or pantar soft tissues and are 
characterized by infiltrative growth. In general, small lesions 
that usually arise from fascia or aponeurosis (36,37). These 
lesions are typically slowly growing, in sharp contrast to the 
deep fibromatoses that usually grow rapidly and are larger 
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and more aggressive in their biologic behavior. There is a 
male predilection and almost 50% of patients are bilateral. 
Clinically, patients reveal firm subcutaneous nodules on the 
soles of the feet that are multiple in 33% of cases (36,38). 
Modified footwear is the commonly used therapy, so surgical 

treatment is not usually required (37). MR imaging typically 
reveals intermediate signal intensity mass with linear tails 
of extension along the plantar aponeurosis (Figure 7).  
Contrast enhancement is common after intravenous 
administration of contrast agent (38,39).

Figure 5 A 57-year-old man with elastofibroma involving the right periscapular location. (A) Sagittal T1WI, (B) sagittal T2WI, and (C) 
sagittal T2WI with fat saturation show a subcutaneous, ill-defined, oval heterogeneous mass, which is related to the scapular tip (arrows), 
with irregular low signal areas (means to fibrous tissue) inside the mass on both T1WI and T2WI, and small amounts of entrapped fat as 
well (arrow heads).

A B C

Figure 6 A 72-year-old woman with desmoplastic fibroblastoma involving the right elbow. (A) Sagittal T1WI, (B) sagittal T2WI with fat 
saturation, and (C) enhanced T1WI with fat saturation show a subcutaneous, well-circumscribed, oval mass in the elbow, and infiltration 
of the surrounding fat, superficial fascia. Both T1WI and T2WI reveal prominent low signal. Mild contrast enhancement is seen after 
intravenous administration of Gd-DTPA (arrows).
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Intermediate-rarely metastasizing fibroblastic/
myofibroblastic tumors

DFSP is a superficial, with low to intermediate grade 
malignant potential, locally aggressive fibroblastic 
neoplasm, which arises from the dermis and accounts for 
approximately 6% of all soft tissue sarcomas (40). The 
lesions are slowly growing, reddish-brown to bluish, firm, 
superficial nodules fixed to the skin (40,41). Lesions may 
be multiple, and small nodules may coalesce to form a 
plaque. Large lesions may invade underlying structures, 
ulcerate, bleed, or become painful. The lesion usually 
presents in young to middle-aged adult patients, with a 
slight male predominance. This subcutaneous mass most 
frequently involves the trunk and proximal upper and lower 
extremities, followed by the head and neck (41). At gross 
pathologic examination, this lesion is most commonly seen 
as a protuberant mass involving the subcutaneous tissue 
and skin with an average size of 5 cm. Local recurrence is 
common. Pathologically, the lesion is generally composed 

of a uniform population of fibroblasts, arranged in a distinct 
storiform pattern (40). Lesions may contain myxoid or 
densely collagenous regions (40).

Typical imaging manifestations of DFSP show a 
subcutaneous protuberant mass with a lobular or nodular 
architecture involving the skin and subcutaneous adipose 
tissue (Figure 8) (42). The boundary of lesions is often well-
defined. CT or MR images are well suited to demonstrate 
this location and the distinct lobular or nodular architecture 
(43,44). More importantly, the relationship of the lesion 
to the underlying structures is well delineated. The 
intrinsic signal intensity of the lesion on MRI or the 
tissue attenuation on CT is nonspecific, which is similar 
to that of muscle. Fat-suppressed T2WI or STIR images 
typically demonstrate high signal intensity (43-45). Imaging 
may show heterogeneity compatible with hemorrhage 
and/or necrosis as seen pathologically within the lesion. 
Satellite nodules in the adjacent subcutaneous tissues may 
be seen on CT or MR imaging. Moderate to apparent 

Figure 7 A 64-year-old man with plantar fibromatoses involving the right planta pedis. (A) Axial T1WI, (B) axial T2WI, (C) axial T2WI 
with fat saturation and (D) sagittal T1WI reveal a fusiform, intermediate signal intensity mass with linear tails of extension along the plantar 
aponeurosis (arrows).
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homogeneous enhancement is usually seen after intravenous 
administration of contrast material, and some of which are 
detected linear extensions along the skin (42,45). Although 
imaging findings of DFSP is nonspecific, in our experience, 
linear extension along the skin surface is suggestive of the 
diagnosis. MRI is more useful in identifying the extent 
and depth of DFSP tumor infiltration than CT, facilitating 
preoperative planning for adequate margins and tumor 
clearance (42).

Pericytic/perivascular tumors

Glomus tumors, a kind of pericytic (perivascular) tumors, 
are mesenchymal neoplasms composing of cells resembling 
the modified smooth muscle cells of the normal glomus 
body. They are rare, accounting for less than 2% of soft 
tissue tumors, and usually locate about the terminal phalanx 
of the hand, followed by the wrist, forearm, and foot (46). 
Unusual sites affected include the thigh, stomach, nerve, 

lips, and face, etc. (47). Adults between 20 and 40 years of 
age are usually affected. Glomus tumors occur with equal 
frequency in men and women, except for subungual lesions, 
which are far more common in women (46). Multiple 
lesions are present in nearly 10% of patients, which is called 
glomangiomatosis (48). Clinically, the glomus tumor is seen 
as a small, red-blue, superficial nodule with symptoms of 
paroxysms of radiating pain, caused by temperature change 
or pressure. The classic clinical triad of pain, tenderness, 
and cold sensitivity is present in approximately 30% of 
patients (46,47). A soft tissue mass is seen on radiographs, 
located along the dorsal surface of the finger, either laterally 
or medially, related to the nail bed (49). In some cases, 
extrinsic erosion of bone, often with a sclerotic margin, 
can be seen. CT scanning reveals a nonspecific subungual 
soft tissue mass. MR imaging shows these lesions as small 
masses with very high signal intensity and homogeneity on 
T2WI. Lesions were typically homogeneously hyperintense 
and enhanced prominently and diffusely (Figure 9) (49,50).

Figure 8 A 26-year-old female with recurrent DFSP of the frontal part. (A) Sagittal T2WI with fat suppression shows a large higher signal 
mass at site of previous resection, which protrudes through skin; (B) axial T2WI with fat suppression shows a large mass of uniform high 
signal; (C) axial T1WI displays intermediate signal intensity homogeneously; (D) after intravenous administration of gadolinium, axial 
T1WI with fat saturation shows apparent homogeneous enhancement in the mass (arrows). Axial CT image of bone window shows local 
bone destruction adjacent to the mass (arrow head); (F,G) histopathology photographs show monomorphous spindle-shaped cells arranged 
in a storiform pattern on a background of fibrous stroma (H&E, F, ×50; G, ×100); (H) immunohistochemical staining shows the spindle cells 
are positive for CD34 (original magnification, ×100).
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Vascular tumors

Vascular tumors are common soft tissue masses, particularly 
in young patients, frequently confused with other neoplastic 
masses both clinically and radiologically. However, CT and 
MR imaging often demonstrate characteristic features that 
allow imaging diagnosis (51). The most common entities 
of superficial vascular tumors include benign ones such 
as haemangioma, angiomatosis and lymphangioma, and 
malignancy such as angiosarcoma.

Benign vascular tumors

Hemangioma
Hemangiomas most frequently affect infancy and 
childhood. Soft tissue hemangiomas are usually discovered 
in the first three decades of life, with 30% discovered at 
birth (51). These lesions are more common in female with 
an approximate 3:1 ratio to male. Soft tissue hemangiomas 
may be superficial or deep. The latter lesions often involve 
intramuscular. Hemangiomas can be histologically classified 
as capillary, cavernous, arteriovenous, venous type by the 
predominant style of vascular channel identified within 
the lesion. Klippel-Trenaunay syndrome (KTS) is a rare 
congenital malformation characterized by a low-flow 
combined vascular malformation, including venous and 
lymphatic components in association with a cutaneous 
venular lesion which usually has a sharply demarcated, 
geographic distribution over the affected area, manifesting 
as a “port wine stain”. There is typically overgrowth of the 
affected limb-limb hypertrophy. Nonvascular elements 
are also commonly present in hemangiomas, including fat, 
smooth muscle, fibrous tissue, and thrombus (51,52).

Capillary hemangioma
Capillary hemangioma is composed of small vessels lined 
by a flattened endothelium, which typically involve the skin 
and subcutaneous tissue. The juvenile variety is particularly 
common. Clinically juvenile hemangiomas are usually 
detected several weeks after birth and are enlarging, reaching 
their maximal size by 6 to 12 months of age. Lesions of 
hemangioma initially appear as a flat reddish macule that 
is similar to port-wine stain but its color will be intensified 
when crying or straining. Most of the juvenile hemangiomas 
subside spontaneously by 7 years of age. Although capillary 
hemangiomas are overall the most common type of 
angiomatous lesion, radiological evaluation is infrequent 
because they can be diagnosed clinically (51,52).
Cavernous hemangioma
Cavernous hemangioma is pathologically composed of 
dilated spaces filled with blood and lined by flattened 
endothelium. They often affect children and young adults. 
Cavernous hemangiomas present clinically as a nonspecific 
deep intramuscular mass. In unusual cases located 
superficially, lesions may reveal bluish skin discoloration. 
These lesions often present as a solitary purple well-
defined mass on the trunk and are more common in women 
(51,52). Unlike capillary hemangiomas, cavernous lesions 
are often less well-circumscribed, and frequently require 
surgical resection. For these reasons, although cavernous 
hemangiomas are less common than the capillary variety, 
they are more frequently imaged by radiologists (51,52). 
Cavernous hemangiomas are usually calcification, typically 
containing dystrophic mineralization in organizing 
thrombus which is called phlebolith.

Imaging evaluation is mainly used to detect the vast 
majority of soft tissue hemangiomas which are deep-

Figure 9 A 36-year-old male of glomus tumors with a palpable red mass in the left arm for about twenty years. (A) Axial T2WI with fat 
suppression shows a semi-round mass of uniform high signal along the subcutaneous tissue; (B) axial T1WI displays mildly high signal 
intensity homogeneously; (C) after intravenous administration of gadolinium, axial T1WI with fat suppression shows apparent homogeneous 
enhancement in the mass (arrows).
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seated such as intramuscular lesions (53). Few imaging 
examinations for superficial soft tissue hemangiomas are 
described in the literature. As for capillary hemangiomas, 
superficial lesions (strawberry nevi) are typically easily 
diagnosed clinically with confidence, and if imaged, only 
staging with extent is required for appropriate patient 
management. This is in distinct contrast to cavernous 
lesions that are clinically nonspecific but usually reveal a 
pathognomonic MR imaging appearance.

Generally, radiographs are often normal or reveal only 
a nonspecific soft tissue mass. Non-enhanced CT often 
shows a poorly defined lesion of similar attenuation to that 
of skeletal muscle. Marked enhancement of the serpentine 
vascular components may be seen after intravenous 
administration of contrast medium (54). CT is the most 
sensitive modality to identify calcifications and phleboliths 
in the lesions (55,56). MR imaging is the best modality 

to evaluate soft tissue hemangiomas, which often show 
a poorly marginated mass of low-to-intermediate signal 
intensity on T1-weighted images (T1WI), and on T2-
weighted images (T2WI) soft tissue hemangiomas reveal 
either a well-marginated or an infiltrative mass with very 
high signal intensity in areas of vascular components. Rather 
than displacing or destroying adjacent structures, they 
frequently tend to infiltrate adjacent tissue. Hemangiomas 
typically show prominent enhancement after intravenous 
administration of gadolinium (Figure 10) (54-56).

Lymphangioma
Lymphangioma is a benign, cavernous/cystic vascular lesion 
composed of dilated lymphatic channels, most frequent 
in the neck and axilla. Patients usually present at birth 
or by 2 years of age (51). Imaging findings may reflect 
the pathologic appearance with large, cystic spaces (57).  
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Figure 10 A 58-year-old woman of hemangioma with a 10-year history of a slowly enlarging soft mass in the superficial proximal and lateral 
part of left calf. (A) Coronal T2-weighted image with fat saturation, (B) axial T2-weighted image with fat saturation, (C) coronal T1-weighted 
image, and (D) axial T1-weighted image show a fusiform subcutaneous heterogeneous mass. (E) Coronal T1-weighted image with fat 
suppression, and (F) axial T1-weighted image with fat suppression following intravenous gadolinium show prominent enhancement (arrows).
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Figure 11 A 37-year-old female of lymphangioma presenting with a mass in the left side of the neck. (A) The lesion contains mostly low-
intermediate signal on axial T1WI, and (B) mostly high signal separated by some low signal on axial T2WI with fat saturation; (C) after 
intravenous administration of Gd-DTPA, the lesion shows mild enhancement on axial T1WI with fat saturation (arrows).
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CT shows a cystic lymphangioma as a unilocular or 
multilocular mass of water attenuation. Lesion walls and 
septa are typically of uniform thickness, and enhancement 
after intravenous contrast may be seen. Thicker septations 
are well delineated on CT. On T1WI, lymphangiomas 
show heterogeneous with low signal intensity, similar 
to or slightly less than that of muscle, and high signal 
intensity, greater than that of fat on T2WI, reflecting the 
preponderance of fluid-filled cystic spaces (Figure 11). Focal 
heterogeneity in the lesions is present in nearly all cases 
and appears as low-intensity linear structures of variable 
thickness representing fibrous septa (57,58).

Angiomatosis
Angiomatosis is a diffuse proliferation of benign, 
architecturally well-developed blood vessels that affects a 
large segment of the body in a contiguous fashion. About 
two thirds of cases of angiomatosis present in the first two 
decades of life. The more extensive the soft tissue involved, 
particularly visceral, the poorer the prognosis. Imaging of 
these lesions is identical to that of solitary hemangioma but 
much more extensive (59,60).

Malignant vascular tumors

Angiosarcoma is a malignant vascular tumor, and most 
frequently involves the skin and deep soft tissues (61). 
Approximately 40% of cases arise in the deep muscles of 
the lower extremities. Older patients are generally affected, 
and men are affected twice as commonly as women. 
Chronic lymphedema is a well-recognized predisposition 

to angiosarcoma (61).  Angiosarcoma may also be 
radiation-induced (62,63). The intrinsic characteristics of 
angiosarcoma involving the skin and subcutaneous tissues 
are usually nonspecific on CT and MRI (64-66). Vascular 
channels and spaces are not typically apparent by imaging in 
these superficial lesions (67,68). Underlying manifestations 
of chronic lymphedema are frequently associated with 
angiosarcoma, including extremity enlargement, diffuse 
skin thickening, as well as thickening and edema of the 
subcutaneous connective tissue septae on CT and MR 
imaging (Figure 12) (64,65,67).

Nerve sheath tumors

Nerve sheath tumors are very common soft tissue tumors 
which arise from the nerve. Schwannoma and neurofibroma 
are the most common types of benign peripheral nerve 
sheath tumors (BPNSTs) (69), and malignant peripheral 
nerve sheath tumor (MPNST) accounts for 5% to 10% of 
all soft tissue sarcomas (70). Imaging characteristics often 
suggest neoplastic lesions of neurogenic origin.

Benign nerve sheath tumors 

Schwannoma
Schwannoma, also called neurilemoma, is most commonly 
detected in patients between the ages of 20 and 50 years 
and occurs with equal frequency in men and women. 
Schwannomas are slightly less common than neurofibromas 
and comprise approximately 5% of all benign soft tissue 
tumors (69). Common sites are the cutaneous nerves of the 
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head and neck, and the flexor surfaces of the extremities (71), 
particularly the peroneal and ulnar nerves (72). Affected 
nerve and tumor are separable within the epineurium. 
A schwannoma is almost invariably a slowly growing 
nonaggressive neoplasm that usually presents clinically 
as a painless mass, often smaller than 5 cm, without 
neurologic symptoms. Pain may be associated with large 
lesions (69). The histologic hallmark of schwannoma is the 
identification of Antoni A and Antoni B regions. Antoni A 
areas are more organized and are hypercellular composed 
of spindle cells arranged in short bundles or interlacing 
fascicles. Antoni B regions are hypocellular, less organized, 
and contain more myxoid, loosely arranged tissue, with 
high water content (73,74). Large schwannomas commonly 
undergo degenerative changes, including cyst formation, 
calcification, hemorrhage, and fibrosis (75). Surgical 
resection with sparing of the nerve is curative.

Neurofibroma
Neurofibroma most commonly affects patients 20 to 
30 years of age and demonstrates no sex predilection. 
These lesions constitute slightly more than 5% of all 
benign soft tissue tumors (76,77). There are three types of 
neurofibromas, including localized, diffuse, and plexiform. 
The localized form accounts for approximately 90% of 
these lesions, and the vast majority is solitary and not 
associated with neurofibromatosis type 1 (NF-1) (78). 

Localized neurofibromas often affect superficial cutaneous 
nerves, which are slow-growing, usually smaller than 5 cm 
at presentation and painless. The diffuse neurofibroma 
primarily affects children and young adults and most 
frequently involves the subcutaneous tissues of the head 
and neck. Most of the diffuse neurofibromas are isolated 
papules and masses (76,78,79). Localized neurofibromas 
show a well-circumscribed fusiform shape, representing 
the mass with the entering and exiting nerve (77). Unlike 
schwannomas, neurofibromas are intimately intermixed and 
inseparable from normal nerve tissue on histopathology, 
which do not contain Antoni A and B regions (80). 
Neurofibromas cannot be separated from normal nerve, and 
complete excision of the neoplasm requires sacrifice of the 
nerve (76,77).

Malignant nerve sheath tumors

MPNST is a malignant nerve sheath tumor arising from 
a peripheral nerve, from a pre-existing benign nerve 
sheath tumor (usually neurofibroma) or in a patient with 
neurofibromatosis type 1 (70). MPNST is a rare tumor 
accounting for up to 5% of all soft tissue sarcomas, which 
typically affects patients aged 20 to 50 years (70). Up to 
50% of MPNSTs are associated with neurofibromatosis type 
1 (81). MPNST most commonly arises in the extremities, 
followed by the trunk and the head and neck area (70). The 

A B C

Figure 12 A 39-year-old man with angiosarcoma involving the medial forearm. (A) Coronal T1-weighted image and (B) T2-weighted image 
show a subcutaneous mass with prolonged T1 and T2 relaxation time in the superficial medial forearm, which invades the subcutaneous 
tissue (yellow arrows). A nodular mass is also found in the muscle of proximal arm at the level of radial tuberosity (red arrows); (C) after 
intravenous administration of Gd-DTPA, lesions show markedly enhancement on coronal T1WI with fat saturation.
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sciatic nerve is most frequently affected (70). There are no 
specific imaging features that distinguish MPNSTs from 
other high-grade sarcomas, except possible origin from a 
large nerve (82).

Imaging of nerve sheath tumors

Subcutaneous neurogenic neoplasms are often not imaged 
and have a nonspecific appearance (83). Generally, deep-
seated neurogenic neoplasms usually have a diagnostic 
imaging appearance, particularly on MRI, including fusiform 
shape with entering and exiting nerve, target sign, split-
fat sign, fascicular sign and associated muscle atrophy (83).  
In contradistinction, in superficial peripheral nerve sheath 
tumors (PNSTs), it is often difficult or impossible to identify 
this appearance, and imaging findings are nonspecific 

(83,84). However, these superficial lesions, as with other 
cutaneous or subcutaneous lesions, often are not imaged 
because of the so-called ease of clinical assessment (69,76).

MRI is superior to CT for demonstrating the virtually 
fusiform appearance of schwannoma, localized neurofibroma, 
and MPNST (84,85). On plain CT scans, PNSTs frequently 
have low attenuation, which is attributed to high lipid content 
of myelin from Schwann cells, presence or entrapment of fat, 
endoneurial myxoid tissue with high water content (Antoni 
B areas in schwannomas or myxoid areas in neurofibromas) 
(84,85). Heterogeneity may be seen in neurogenic 
neoplasms and is a more common feature of MPNST (83).  
On MR images, the signal intensity of neurogenic 
neoplasms is relatively nonspecific and is similar to or lower 
than that of muscle on T1WI and higher than that of fat on 
T2WI (Figure 13) (83-85).

A

C

B

D

Figure 13 A 56-year-old male of peripheral nerve sheath tumor with pain in the left arm for about two years. (A) Coronal T2WI with fat 
suppression shows a high signal mass of fusiform shape with entering and exiting nerve; (B) axial T2WI with fat suppression shows a round 
mass of uniform high signal, and (C) axial T1WI displays mildly high signal intensity homogeneously; (D) after intravenous administration 
of gadolinium, axial T1WI shows apparent homogeneous enhancement in the mass (arrows).
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The target sign is described as being nearly pathognomonic 
of neurofibroma on T2WI and consists of low-to-
intermediate signal intensity centrally, with a ring of 
high signal peripherally (86). Enhanced central areas 
with contrast strongly suggest a lesion is a BPNST as 
opposed to MPNST (Figure 14) (86-88). This kind of MRI 
finding corresponds pathologically to fibrous tissue (with 
high collagen content) centrally and more myxoid tissue 
peripherally (Figure 15) (85,86).

The margins of BPNSTs are usually well-defined on 
CT and MR images. Neurofibromas, despite being more 

common to extend beyond the epineurium, remain well-
circumscribed in most cases, also causing a defined margin 
on imaging (84). However, indistinct margins are far more 
frequent in MPNSTs as a result of more infiltrative growth 
(82,83,88).

A rim of fat (split-fat sign) is often present about deep-
seated neurogenic neoplasms and has been described 
previously on CT scans, despite being much easier to 
appreciate on T1-weighted MR images (89). Because the 
neurovascular bundle is surrounded by fat, masses arising 
in this site maintain a rim of fat about them as they slowly 
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Figure 14 A 22-year-old man of malignant peripheral nerve sheath tumor with a rapid growing mass on the hip. (A) Axial T1WI of the 
hip shows irregular, ill-defined, heterogeneous mass with high and low signal intensity inside; (B) axial T2WI with fat saturation shows 
inhomogeneous high signal intensity inside the lesion, and lots of nodes locating through the nerve routes in the pelvic and subcutaneous; 
(C) axial post-contrast T1WI with fat suppression shows apparent inhomogeneous enhancement with lack of contrast in a necrotic center 
(arrows); (D,E) histopathology (H&E, D, ×200; E, ×400) of malignant peripheral nerve sheath tumor displays areas of necrosis with 
palisading of tumor cells and lots of nuclear division; (F-I) Immunohistochemistry stain of cytokeratin (F, ×200), epithelial membrane 
antigen (G, ×200), S100 (H, ×200) and smooth muscle antigen (I, ×200) shows no expression of cytokeratin and different expression of 
epithelial membrane antigen, S100, and smooth muscle antigen.
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enlarge (89). The split-fat sign is more common in BPNST 
and lesions of large nerves. MPNST less frequently 
demonstrates a complete fat rim, reflecting its more 
infiltrative growth pattern (84,88,89).

Differentiation of BPNST from MPNST is often very 
difficult (82,84,88,90). However, imaging features favoring 
malignancy include size larger than 5 cm, prominent 
enhancement, marked heterogeneity with central necrosis, 
rapid growth, and infiltrative margins in a non-plexiform 
lesion (88). Recognition of these imaging features is 
important for prospective diagnosis and to help guide 
therapy in the clinical management of these patients (88).

Undifferentiated/unclassified sarcomas

This new category, which may comprise up to 20% of all 
pleomorphic soft tissue sarcomas, encompasses tumors in 

which all recognizable lines of differentiation have been 
excluded. These tumors are typically high grade, show a wide 
range of morphological features, and are often associated 
with a poor prognosis. These tumors can be subclassified 
as round cell, spindle cell, pleomorphic, and epithelioid 
according to predominant morphological patterns.

Undifferentiated pleomorphic sarcoma (UPS), previously 
called malignant fibrous histiocytoma, is the most common 
soft tissue sarcoma of late adult life, accounting for 20% to 
30% of all soft tissue sarcomas (91-93). The peak incidence 
is in the fifth decade with a range of 10 to 90 years of age, 
and most patients are between 50 and 70 years of age. Men 
account for 70% of lesions. The most commonly affected 
sites are extremities, the lower extremity accounts for 50% of 
all cases (particularly the thigh) (92). Most of UPS are usually 
deep intramuscular lesions. Only 5% to 10% of UPS involve 
the subcutaneous tissue (91-93). Clinically, patients present 
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Figure 15 A 19-year-old male of neurofibroma presenting with a palpable mass in the left arm for over 6 years, and continuing growth. 
(A) Axial T1WI displays a mass of fusiform shape with mildly high signal intensity homogeneously along the subcutaneous tissue; (B) axial 
T2WI with fat suppression shows uniform high signal; (C) after intravenous administration of gadolinium, axial T1WI shows apparent 
homogeneous enhancement in the mass; (D) coronal T1WI and (E) contrast enhanced T1WI with fat suppression show similar signal to the 
axial images (arrows).
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with an enlarging, painless, soft tissue mass. Subcutaneous 
lesions are usually much smaller. Storiform/pleomorphic 
subtype is the most common type in UPS (91,93).

Subcutaneous UPS reveals an intrinsically nonspecific 
soft tissue mass replacing the normal subcutaneous fat 
on CT, or MR images (94,95). These patients frequently 
present earlier than those with deep-seated lesions. The 
small initial lesion size frequently suggests a benign 
diagnosis to both radiologists and clinicians, leading to 
inappropriate marginal excision and local recurrence (94). 
These lesions commonly invade the underlying muscle 
and may cause overlying skin ulceration (92). CT scans 

demonstrate UPS as lobulated soft tissue masses of similar 
attenuation to muscle. Areas of decreased attenuation 
frequently are apparent within the mass more centrally, 
corresponding to myxoid regions or necrosis (94). MR 
images often show heterogeneous signal intensity on all 
pulse sequences, which depends on variable amount of 
collagen, myxoid tissue, necrosis, and hemorrhage, and may 
be predominantly high or low signal intensity on T2WI (95). 
Tumor margins are usually relatively well-defined because 
of pseudocapsule. Solid components of UPS typically show 
enhancement after intravenous administration of contrast 
agent (Figure 16) (94,95).

A
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Figure 16 A 74-year-old male of undifferentiated pleomorphic sarcoma presenting with a palpable mass in the right lateral superficial 
calf for several years. (A) Axial T1WI displays a superficial fusiform mass with intermediate signal similar to the adjacent muscles in the 
right calf; (B) axial T2WI with fat saturation shows moderate high signal in the lesion with adjacent skin thickened; (C) after intravenous 
administration of gadolinium, axial T1WI with fat saturation shows apparent homogeneous enhancement in the mass; (D) coronal enhanced 
T1WI with fat saturation shows similar signal to the axial image, and the lesion extends to adjacent cutaneous and subcutaneous tissue as 
well (arrows).
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Conclusions

In comparison with a large number of benign lesions that 
may be seen in the superficial tissue, malignancies arising 
from the cutaneous and subcutaneous tissue are relatively 
uncommon. The imaging appearance of a superficial 
mass often yields limited information to help narrow the 
differential diagnosis. Therefore, not only the imaging 
appearance but also the lesion location and the patient’s age 
should be considered when evaluating a superficial mass.

Ultrasound is often the first examination used as it is 
simple and convenient, and sometimes to guide the needle 
biopsy. However, it is operator-dependent and non-specific. 
A radiograph is useful to rule out a bone tumor invading 
the soft tissues. CT is mainly used to detect calcifications 
and bone erosion which could not be seen on radiographs. 
MRI is the preferred modality for evaluating soft tissue 
lesions, which is by far superior to CT and provides higher 
soft tissue contrast. Additionally, MRI allows multi-planar 
and multi-parameter image acquisition, and obviates the 
need for iodinated contrast agents or for ionizing radiation. 
MRI is able to accurately define the relationship of tumors 
to adjacent structures and compartments in multiple 
planes. When a lesion has a nonspecific MR imaging 
appearance, it is useful to formulate a suitably ordered 
differential diagnosis on tumor prevalence, patient age, 
and lesion anatomic location. Differential can be refined 
by considering clinical history and diagnostic radiological 
features. Additionally, imaging can help make a strategy 
for therapy, such as preoperative planning of the extent of 
surgery and adjuvant chemotherapy/radiotherapy.
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