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ABSTRACT

Objective MRI is the most important and sensitive imaging
modality in the differentiation of unclear soft tissue tumors.
A systematic approach helps to narrow down the large
number of possible differential diagnoses.

Method Our review systematically compares MRI character-
istics of the major soft-tissue masses and aims to gain access
to these often difficult tumor entities.

Results and conclusion MR, as the most important modal-
ity in the imaging of soft tissue tumors, allows a more detailed
classification of the tumor entity and in many cases a differen-
tiation between benign and malignant masses.

Key points:

= MRl is the method of choice for classifying unclear soft
tissue tumors.

= A systematic approach may differentiate benign from
unclear lesions.

= In cases of doubt, a biopsy should be performed to rule out
malignancy.
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ZUSAMMENFASSUNG

Ziel In der Differenzierung unklarer Weichteiltumoren stellt
die MRT die wichtigste und sensitivste Bildgebungsmodalitat
dar. Dabei hilft eine systematische Herangehensweise, die
groRe Zahl maglicher Differenzialdiagnosen einzuengen.
Methode Unsere Ubersichtsarbeit stellt systematisch die
MR-tomografischen Charakteristika der wichtigsten weichtei-
ligen Raumforderungen gegeniiber und will helfen, einen
Zugang zu diesen oft schwierigen Tumorentitaten zu erhalten.
Ergebnisse und Schlussfolgerung Durch die MRT als wich-
tigster Baustein in der Bildgebung von Weichteiltumoren ist
eine ndhere Einordnung der Tumorentitdt und oft auch eine
Differenzierung zwischen benignen und malignen Raum-
forderungen moglich.

Introduction

On the whole, malignant soft tissue tumors account for about 1%
of malignant tumors in adults; among children they make up
about 15 % of malignancies. Overall, the ratio of benign to malig-
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nant tumors is given as 100:1 [1]. Nevertheless, in the case of a
clinically identified new soft tissue tumor, further diagnosis and
therapy should be based on a standardized procedure in order to
take advantage of prompt initiation of therapy even with less
common malignancies (> Fig. 1 based on [2]). MRI plays an out-

323

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



# Thieme

Unclarified soft tissue of extremity History, Examination, Ultrasound
Tumor >5 cm or subfascial Tumor <5 cm
Selection of adjuvant therapy and
follow-up in Tumor Board Contrastenhanced MR
Extensive resection, necadjuvant therapy as needed
Biopsy and histopathological finding
Soft tissue carcinoma: Benign: marginal excision

-> Staging (Thoracic CT, PET CT as needed
-> Interdisciplinary Tumor Board

» Fig. 1 Flow chart of diagnosis and therapy of unclear soft tissue tumors, based on [2].

standing role in diagnosis, since the large initially large number of
differential diagnoses can be narrowed further due to specific
differences in the signal behavior of the tumor in the various MR
sequences. In many cases a definitive diagnosis is possible which
can spare the patient an invasive investigation by biopsy or even
surgery. This review focuses on the image-based description of
selected tumor entities and their systematic characterization.

Common soft tissue tumors and their
characteristics in imaging

In an MRI some soft tissue tumors exhibit signal characteristics
which permit a distinction of possible differential diagnoses, thus
aiding the radiologist and, in the best case, even avoiding a biop-
sy. The following examples describe masses which are common,
but which also have a typical appearance in imaging on the other
hand.

Adipocyte tumors

Lipomas are the most common soft tissue tumors with an inci-
dence of 2.1 per 100 cases. In conventional X-rays or CT, lipomas
are radiolucent isointense to subcutaneous adipose tissue in all
MRI sequences [3] (> Fig. 2).

A classical lipoma consists solely of adipose tissue without nod-
ular components or septations [4]. However, a significant portion
of benign lipomas also contain non-fatty components. In a study
by Kransdorf et al., [4] 31 % of lipomas exhibited non-fatty ele-
ments in the form of fatty necroses with calcifications, fibroses
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» Fig.2 56-tear-old male with posterior intramuscular lipoma on
thigh. a In coronal T1 TSE a hyperintense lesion, isointense to sub-
cutaneous adipose tissue (arrow). b In an axial T2 TSE the smooth-
margined mass is likewise homogeneously hyperintense without
evidence of thickened septa or nodular components (arrow).

and other changes. It is also worth mentioning that although sub-
forms such as angiolipoma or myolipoma also consist for the most
part of fatty parts, here the non-fatty components may make it
difficult to diagnose a benign lipoma [5, 6]. The important differ-
ential diagnosis of a lipoma is the well-differentiated liposarcoma,
which also consists largely of fatty parts. In contrast, other sub-
types such as the myxoid liposarcoma have almost no visible patty
parts [7]. Characteristics that speak for a well-differentiated lipo-
sarcoma are a size of more than 10 cm, septa less than 2 mm, the
presence of nodular, non-adipose solid parts and a total fat per-
centage of the lesion of less than 75 % [4]. In particular for cases
of a recurrent tumor, a tumor size of more than 15cm or in an
intra-abdominal or retroperitoneal position, a liposarcoma can be
differentiated from a lipoma by molecular pathological detection
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» Fig.3 47-year-old male with myositis ossificans on right proximal thigh. a In conventional image, juxtacortical, flat calcified formation with cystic
whitening cranially and solid portions caudally without cortical erosion (arrow). b, c In contrast-enhanced fat-saturated T1 TSE cranial cystic parts
with surrounding enhancement (b, arrow), caudal contrast-enhancing solid elements (c, arrow). d Within 3 months increasing sclerosis (arrow).
e, f In contrast-enhanced fat-saturated axial T1 TSE after 3 months increasing sclerotic zone around the cystic components (e, arrow) with
decreasing enhancement and size regression of the solid components (f, arrow).

of MDM2 or CDK4 amplification using fluorescence in situ hybridi-
zation (FISH) [8].

Fibroblastic/myofibroblastic tumors

Nodular fasciitis, proliferative fasciitis, proliferative myositis, and
myositis ossificans are benign solid fibrous changes, all of which
are classified as variants of nodular fasciitis [9], although myositis
ossificans is no longer classified as a chondro-osseous lesion [10].
Myositis ossificans occurs more commonly in the large muscles of
the lower extremity, and is more likely in young adults. Often no
trauma can be found, contrary to the assumptions based on the
patient’s history [11]. In the course of time, myositis ossificans
presents differently in imaging depending on the stage of devel-
opment. In the first few weeks, calcifications can rarely be distin-
guished in conventional X-ray or CT. Two to three months later
cloudy-irregular densifications develop, which progress from per-
ipheral to a central compression in a so-called “zonal pattern” and
finally can be delimited centrally as an osteoid matrix, as a periph-
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eral rim of lamellar bone [12, 13]. The MRI image changes analo-
gously to the described histological changes. In their early stages,
the lesions are blurred, isointense on the T1W, and heteroge-
neously hyperintense on the T2 W with diffuse surrounding soft
tissue edema. As the calcifications in the periphery increase over
time, the signal reduction becomes increasingly apparent. Both
the T1w and T2w images show “mature” myositis ossificans as a
well-circumscribed soft tissue mass, centrally fat-isointense and
with low signal intensity in the periphery without surrounding
edema. If central signal levels are also low, fibrosis, mineralization
or hemosiderin may be the cause. » Fig. 3 presents the typical
progression of the disease. Early forms of myositis ossificans can
absorb contrast agent and be misinterpreted as malignant sarco-
ma [13]. This early stage often presents problems for the histopa-
thologist, especially if initially the clinical picture suggests a pro-
gressive tumor and the diagnosis must be made only using a
small biopsy [14].
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Vascular tumors

Hemangiomas are the most common benign tumors among new-
borns and infants, with a frequency of 10 % in full-term infants and
up to 30 % in preterm infants. Females are three times more likely
to be affected. Sixty percent of all hemangiomas occur in the head
and neck area, 25 % in the extremities and about 15 % in the trunk;
the exact mechanism of origin is not yet sufficiently understood
[15].

The concept “hemangioma” thus characterizes various vascu-
lar anomalies. The ISSVA classification [16] published in 2014 and
revised in May 2018 combines both the classification of congeni-
tal vascular tumors and vascular malformations that together
make up the group of congenital vascular anomalies. Thus, for
example, infantile hemangiomas are classified according to stage,
whereas vascular malformations are classified as capillary, venous,
lymphatic, arterial or combined malformation of the vascular
system according to their growth behavior, localization or organ
affiliation as well as the predominant vessel origin [17]. The ISSVA
classification focuses on the genetic causes as well as microscopic
and radiological findings, and additionally includes currently
known genetic disorders. It has been shown that the majority of
genetic vascular malformations have disorders in the Ras
signaling pathway, similar to the neuroectodermal syndromes,
resulting in common therapeutic concepts [17].

Clinically hemangiomas can appear as bluish skin changes and
change size over time. Sometimes they can also be painful. In ima-
ging, hemangiomas can contain tortuous vessels, fat, smooth
muscle, hemosiderin and phleboliths [18]. Phleboliths disclosed
in a conventional X-ray or CT, corresponding to mineralized
thrombi, can assist in determining a diagnosis [19]. Bone changes
such as periosteal reactions, cortical and medullary changes as
well as increased bone growth may be visible [18]. In MRI, heman-
giomas typically have a lobular structure in T2w which is consid-
ered non-specific; punctate or reticular signal loss can exhibit por-
tions with fibrosis, rapid flow within the vessels or calcification
(» Fig. 4).

Fluid levels can be signs of cavernous hemangiomas [19]. In
T1w images hemangiomas are usually sharply demarcated or
with blurred margins; the signal intensity in T1w varies depending
on (reactive) fat increase or hemorrhage within the hemangioma
[20]. Low-flow hemangiomia components typically appear
strongly hyperintense in T2 W versus fast flow portions that show
signal loss [21]. MRI can divide vascular malformations into low-
flow and high-flow lesions; in this case dynamic contrast-based
MR angiography is used [19]. However, other vascular tumors
such as Kaposi's sarcoma and epithelioid hemangioendothelioma
have no distinct appearance on MRI and may be deceptively
similar to a solitary hemangioma [19].

Fibrohistiocytic tumors

As the name suggests, this type of tumor occurs on the tendon
sheaths, and is a benign proliferative synovial syndrome of joints,
bursa and tendon sheaths. It takes a focal shape which is also
known as a giant cell tumor of the tendon sheath, distinguished
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» Fig.4 35-year-old female with subcutaneous cervical hemangio-
ma. a In coronal early arterial T1 FLASH 3 D angiography sequences
evidence of punctate hyperintensities corresponding to feeding
vessels (arrow). b The contrast-enhanced fat-saturated T1 axial spin
echo shows an inhomogeneous, sometimes very strong enhance-
ment of the lobulated lesion (arrow).

from a diffuse form, pigmented villonodular synovitis. A monoar-
ticular lesion is found in 80 % of all patients [4]. This lesion usually
occurs as slowly-growing soft tissue with or without pain. In an
X-ray image, the localized intra-articular form is unremarkable in
most cases [22]. Although the diffuse form shows no abnormal-
ities in conventional images in 21 % of cases [23], in the majority,
however, the radiograph reveals joint effusion, periarticular soft
tissue swelling, or remodeling of the bone structures adjacent to
the joint [24 - 27]. Further diagnostic imaging using MRI shows
typical changes in the form of heterogeneous, diffuse, often nod-
ular synovial thickening typically due to collagen accumulation
and hemosiderin inclusions, intermediate to low signal intensity
on T1-weighted images and hypointense on T2-weighted images
[28]. This effect is particularly evident in gradient echo sequences
due to so-called artifact-induced blooming [29]. However, the
iron content of the lesions is variable, whereby the imaging
characteristics are more or less pronounced. However, when
detected, they are regarded as almost pathognomonic for PVNS,
since the few other differential diagnoses such as synovial heman-
gioma additionally have tubular-tortuous vascular structures, and
hemophilic arthropathy can be easily excluded by a specific his-
tory [18, 29].

Peripheral nerve sheath tumors

Peripheral nerve sheath tumors (PNST) can be benign or malig-
nant. Common to all nerve sheath tumors is the fact that, for a
corresponding diagnosis, the close positional relationship to the
nerve path must be present and also proven. If this is not the
case, the tumor entity plays only a minor role in the differential di-
agnostic considerations. The benign variants neurofibroma and
schwannoma together make up 10 % of benign soft tissue tumors
[30]. Schwannomas and neurofibromas can be difficult to differ-
entiate in imaging, as both appear as a circumscribed spindle-
shaped soft tissue proliferation along a nerve. In some cases, the
spatial relationship of the PNST to the nerve may also help in
further subdifferentiation. A schwannoma is located rather eccen-
tric to the nerve, a neurofibroma is localized within the nerve [31]
(» Fig.5).
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» Fig.5 49-year-old female with schwannoma eccentric to the
median nerve. a In axial PD TSE hyperintense ovular soft tissue pro-
liferation (arrow). b In axial T1 TSE after administration of contrast
medium, a strong homogeneous enhancement (arrow) is shown.

Worth mentioning is the so-called “split fat sign”, which can be
associated with a PNST. As the tumor grows in size, a surrounding
marginal wall of normal adipose tissue remains [19]. Benign per-
ipheral nerve sheath tumors are typically isointense to the muscle
in T1w images and slightly hyperintense to adipose tissue in T2w
[19]. Some benign PNSTs, especially neurofibromas, exhibit a
so-called “target sign” in T2w. The T2 W hypointensities are based
on the presence of fibrocollagen fibers, while T2w hyperintensi-
ties in the margins reflect myxomatous tissue. Benign PNSTs can
absorb contrast media [32]. Malignant PNSTs make up at least
6 % of all soft tissue sarcomas [32], and in 50 % of cases associated
with type 1 neurofibromatosis [31]. Malignant PNSTs can some-
times be difficult to distinguish from the benign variant. Indicative
of a malignant PNST are large lesions with overall rapid growth in
size, a blurred border and central necrosis [19, 31].

Magnetic resonance imaging and
sequencing protocol

Good advance planning is recommended prior to selecting the
sequences to be used. A palpable mass should be marked with a
capsule. If a mass is primarily to be detected, a larger FOV (field of
view) should initially be selected and the contralateral side should
likewise be imaged. Subsequently, it is necessary to better charac-
terize the lesion using a smaller FOV and higher spatial resolution.

Images in the transverse slice illustrate the anatomical condi-
tions within the examined compartment and evaluate possible
environmental infiltration. Coronal or sagittal slices place the
mass in relation to anatomical landmarks such as bones, vessels
or nerve structures.

As with most other musculoskeletal issues, T1- and T2-weight-
ed images as well as fat-suppressed sequences are required to
clarify a soft tissue tumor. In the majority of cases, soft tissue
tumors show a hypo- or isointense signal in T1-weighted and a
hyperintense signal in T2-weighted images. In the T2-weighted
spin-echo or turbo-spin echo sequences, a higher contrast
between lesion and surrounding adipose tissue can be achieved
by the use of fat-suppressed techniques. An exception to this
typical signal behavior for all tumors are those with a high fat con-
tent (high signal intensity in the T1-weighted image) or bleeding
tumors (high signal intensity of methemoglobin in the T1-weight-

Lisson CS et al. Radiological Diagnosis of... Fortschr Réntgenstr 2019; 191: 323-332

ed image, low signal intensity of deoxyhemoglobin and hemosi-
derin in the T2-weighted image). T2* weighted gradient echo
sequences can be used to assess hemosiderin deposits found typi-
cally in tenosynovial giant cell tumors or, as mentioned above, also
in hemangiomas.

The use of gadolinium-based contrast agents helps to better
characterize the tumor (see below). In general, MRI should be per-
formed prior to biopsy, as edema and bleeding after biopsy, as
well as changes in the biopsy channel may lead to diagnostic prob-
lems. The sequence protocol we use is shown in > Table 1.

MRI-based characterization of an indistinct
soft tissue tumor

T1 hypointense or isointense

Since most soft tissue tumors are iso- or hypointense compared
to muscle structures, accordingly the number of potential differ-
ential diagnoses is large, ranging from benign lesions such as a
ganglion to malignant conditions such as fibrosarcoma (> Fig. 6).

Therefore a definite characterization based on a low Sl in TTw
alone is therefore not possible [33]. The next step involves further
clarification by means of T2-weighted sequences.

T1 hyperintense

In general, signal intensities should be determined on the non-fat-
saturated MRI images, as some masses in sequences without fat
saturation are isointense to the muscle, but on fat-saturated T1w
images they are relatively hyperintense to the muscle. Elements
that cause T1 signal attenuation are fat, methemoglobin, pro-
tein-rich fluids and melanin. Consequently, differential diagnoses
may include fat-containing masses, hemorrhagic masses with me-
themoglobin components, protein-rich fluids and melanomas or
melanoma metastases [3, 11, 34]. In a next step, it should be
investigated whether this T1 signal increase can be suppressed
by fat saturation. If this is the case, the lesion contains fat, and
the most likely diagnoses are lipoma or lipoma variants, a well-dif-
ferentiated liposarcoma or hemangioma.

Important here is frequency-selective fat saturation (chemically
specific), since inversion recovery fat suppression is unspecific and
not only fat, but also other substances with short T1 time are sup-
pressed. The diagnosis of a lipoma may be made if the lesion con-
sists largely of fat, contains no or only a few thin septa and no solid,
nodular parts. However, if the lesion has a diameter of more than
10 cm, has septa of more than 2 mm thickness or nodular, non-fatty
elements and consists of less than 75 % total fat, the diagnosis of a
well-differentiated liposarcoma is likely [4] (> Fig. 7).

T2 hypointense

A mass that exhibits lower signal intensity compared to skeletal
muscle in T2-weighted sequences may include fibrosis, hemosi-
derin and calcifications. Air and certain foreign bodies are hypoin-
tense in the T2w images. A variety of benign and malignant
lesions may exhibit fibrosis, including scar tissue, fibroids and
some fibrosarcomas.
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» Table 1 3 Tesla MRI protocol used in-house for unclear soft tissue tumor of the ankle joint.

sequence TR (ms) TE (ms)
sagittal T1w TSE before/after contrast 533 14
administration

axial T1w TSE fatsat after contrast 672 12
administration

axial T2w TSE 5000 99
coronal T2w TIRM 5320 (Tl 202) 42
sagittal PDw TSE fatsat 3350 36

axial EP2D: 0-400-800 4100 76

ETL (ms) flip angle matrix
(degree)
3 150 150% 150
3 150 169 %169
21 157 170x170
10 145 135x180
12 178 180 %180
53 90 220%220

TSE =Turbine Spin Echo, PD = Proton Density, w=weighted, fatsat =with fat suppression, TIRM =Turbo Inversion Recovery Magnitude.

» Fig.6 7-year-old female with juvenile fibrosarcoma in the subcu-
tis of the forearm. a In axial T1 TSE homogeneous hypointense le-
sion (arrow). b In axial TIRM detection of central signal increases
(arrow). c In axial T2 TSE moderately hyperintense ovular mass with
heterogeneous signal behavior (arrow). d In axial T1 TSE after con-
trast administration, strong enhancement of the lesion (arrow) with
a central recess, in combination with probable central necrotic
melting; perilesional contrast absorption as in the start of ambient
infiltration.

Lesions with low Tw2 signal intensity such as a tenosynovial
giant cell tumor or lymphoma, are so-called hypocellular fibroses
as opposed to hypercellular fibroses, such as in the case of a des-
moid, which are hyperintense on T2w images [28, 35-37]. In the
case of hemosiderin, T2 signal reductions can be partially distin-
guished only in T2* in the form of a “blooming”, since the propor-
tion of hemosiderin within the lesion, e.g. in a tenosynovial giant
cell tumor or hemangioma may be too low to be detected on
T2-weighted images, and T2* is much more sensitive to this. As
arule, calcifications exhibit low T2 signal intensity, signal behavior
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» Fig. 7 68-year-old female with well-differentiated liposarcoma in
the adductor compartment. a In coronal T1 TSE, the fat-isoequiva-
lent signal behavior of the smoothly-bounded lesion (arrow). b InT1
TSE fatsat after administration of contrast medium, signal drop of
the fatty mass, enhancement of fine inner septations (arrow).

is dependent on both the extent and distribution of calcification
within the lesion, and whether there is an environmental reaction
such as edema or an inflammatory response. In their study, Marti-
nez et al. discovered that heterogeneous T2 signal intensities
occur in the context of intratumoral calcifications with hypo- and
hyperintense components, whereby the latter can probably be
evaluated in the context of inflammatory conditions, such as
with foreign body reactions [38]. If a mass exhibits low T2 signal
intensity, an X-ray image should be obtained to analyze the pres-
ence of calcification, as this is often difficult to do in an MRI. If
there is no calcification in the X-ray image, then this is a T2w
hypointense lesion, most likely a local fibrosis or a tumor with a
substantial component of fibrotic fibers, such as a fibrotic scar
after surgery or a tenosynovial giant cell tumor with visible rela-
tion to the tendon (» Fig. 8).

T2 hyperintense, cyst-like lesions

Many T2w hyperintense lesions are heterogeneous with diverse
differential diagnoses and include liquid lesions such as lymphan-
giomas, partially liquid lesions such as synovial cysts and seromas,
as well as solid lesions such as myxoid sarcoma and synovial sarco-
ma. Since these solid lesions just mentioned show a rather homo-
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» Fig. 8 24-year-old female with tenosynovial giant cell tumor on
the ankle. a In the PD TSE sagittally signal-lowered polylobulatory
mass ventrally and dorsally of the tibiotalar joint space (arrow).

b Axially severely hypointense nodular soft tissue proliferation in
the T2 TSE, consistent with hemosiderin deposits (arrow).

geneous, T2w hyperintense signal behavior, it is important to
avoid the misdiagnosis of a fluid-filled structure or a cystic lesion
[39]. Hyaline cartilage and hyperemic synovia can likewise imitate
fluid [13, 40]. Intravenous contrast media can distinguish genuine
cysts from solid masses [41]. Unlike solid structures, cysts and
fluid-filled components do not absorb contrast. However, the
MRI acquisition should be performed promptly after administra-
tion of contrast agent, since contrast progresses through diffusion
into the cyst interior with the passage of time [42]. A classical cyst
is a hyperintense T2-weighted lesion with a thin, smooth, con-
trast-enhancing boundary. If there is a periarticular association,
then a ganglion is highly likely, otherwise a differential diagnosis
should take into account post-traumatic cysts, seromas, epider-
moid inclusion cysts, lymphoceles and lymphangiomas. If the
margin is very pronounced with heavy contrast medium absorp-
tion and irregular borders, then infectious-inflammatory events
such as an inflamed ganglion, an infected hematoma | abscess or
tumor necrosis must be considered [43 - 46] (> Fig.9). If not only
the margin, but also the entire lesion exhibits strong homo- or
heterogeneous enhancement, then a differential diagnosis should
consider the possibility of myxoma, myxoid sarcoma, synovial sar-
coma or a peripheral nerve sheath tumor [39, 47 - 49]. Character-
istics of cystic lesions suggestive of malignant disease are a maxi-
mum diameter of more than 10 cm and heterogeneous signal
behavior in T1-weighted MRI images [39].

Contrast medium absorption/additional morpho-
logical characteristics

The data show that all larger (>3 cm) and all subfascial solid soft
tissue tumors require MRI with contrast administration, as this
provides the highest diagnostic value [50]. The administration of
contrast helps to distinguish cystic from solid parts and to detect
tumor nodules within cystic lesions. Furthermore, the extent of
contrast medium uptake provides information on the degree of
vascularization of the lesion and should be mentioned in particul-
arin the preoperative planning. The use of dynamic MRI can espe-
cially show the surgeon the location of the vital tumor tissue, and
therefore the best site for biopsy. Although malignant tumors
tend to show greater enhancement, there is still much controver-
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» Fig.9 Seroma versus tumor necrosis. a, b 63-year-old male with
left gluteal resection of a liposarcoma with postoperative seroma.
In coronal TIRM, fluid-equivalent ovular lesion (a, arrow). In axial T1
TSE after contrast enhancement of smooth contoured, thin-walled
marginal border (b, arrow). ¢, d 69-year-old female with centrally
necrotic fibrosarcoma in the adductor compartment. Inhomoge-
neous signal behavior with necrosis in the coronal TIRM (c, arrow).
InT1 TSE after contrast administration, partly strong enhancement
in addition to cystic blending components (d, arrow).

sy in the literature as to how contrast-enhanced MRI can differ-
entiate benign from malignant diseases. Dynamic MRI has shown
promising results regarding the differentiation of benign and ma-
lignant soft tissue tumors [18, 41, 51, 52]. Recent techniques,
such as MR spectroscopy and diffusion-weighted imaging, have
shown promising approaches to the evaluation of unclarified soft
tissue tumors and the assessment of therapy response, but are
not yet part of the clinical routine [53 - 55]. It would be beneficial
to be able to more accurately characterize sarcomas using nonin-
vasive imaging techniques. It is now known that gene expression
within a tumor is usually inhomogeneous due to clonal subpopu-
lations. This so-called tumor heterogeneity influences the therapy
response and prognosis [56]. The approach of systematically ana-
lyzing image data by means of quantifiable image features offers
the possibility of personalized medicine with the advantage of a
lack of invasiveness without the risk of a biopsy error. The study
by Lisson et al. showed, for example, that MRI-assisted 3 D texture
analysis can distinguish enchondromas from low-grade chondro-
sarcomas [57]. However, image-based texture analysis is currently
under study and is not yet used in the clinical routine. Thus, there
is an additional need for new, functionally-oriented imaging strat-
egies for optimal therapy planning and evaluation of therapy
response.
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Summary

Soft-tissue tumors are frequently encountered by radiologists in
everyday clinical practice, and the multiplicity of benign and
malignant entities shows the need to develop a systematic diag-
nostic algorithm. MRI is the central building block of imaging
and, through a structured approach, makes it possible to further
narrow down possible differential diagnoses. At the least, a se-
paration into benign and unclear lesions seems possible, whereby
the number of invasive clarifications by means of biopsy and CT
with its radiation load can be significantly reduced. However, this
is still unavoidable in cases with residual uncertainty of benignity.
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