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In memoriam Prof. Dr. Arthur M. De Schepper
30 November 1937–04 October 2013

 

I can vividly remember my first meeting with Professor Arthur De 
Schepper in Antwerp back in 1988. Being a young resident in radiology edu-
cated at the Catholic University of Leuven, I registered for an educational 
course on ultrasound, organized by Professor De Schepper and his team at 
Antwerp University Hospital (UZA). In those days, each Flemish university 
had its own program for (post)graduate radiological education, which was 
open to all radiologists and trainees. I was immediately impressed by the 
outstanding educational quality of this meeting and particularly by the open- 
mindedness of Professor De Schepper, a spirit that he was able to transmit to 
his whole team of the “Antwerp school of radiology.” I will never forget that 
he was so easily accessible and that you could talk to him in a very friendly 
and relaxed atmosphere following the scientific part of the meeting. From 
that day on, I became a huge fan of the Antwerp school of radiology, and I 
faithfully attended every single meeting (better known as the “Radiologisch 
Uur van het UZA”) that was organized in Antwerp.

Later on, after I graduated as a radiologist and I started working at the 
General Hospital Sint-Maarten Duffel-Mechelen, Professor De Schepper 
asked me to become a consultant radiologist at Antwerp University Hospital. 
It was my great privilege to work with him on several projects, such as coedit-
ing a book Medical Imaging of the Spleen (Springer-Verlag, 2000) and the 
previous editions of this book Imaging of Soft Tissue Tumors, which became 
his main interest of his very successful scientific career. We developed a close 
friendship that I will cherish forever.

Preface to the Fourth Edition



vi

Arthur De Schepper grew up in Boom, a small industry city south of 
Antwerp. He completed his medical training at the Catholic University of 
Leuven and graduated in 1963 as MD. He started his residency of radiology 
at Stuivenberg General Hospital, under the tutorship of Professor Charles 
Dochez, who would become a lifelong friend. His main interest in the early 
stage of his career focused on angiography. He refined his angiography train-
ing in the department of Doctor C. Hernandez, at the Hôtel-Dieu Hospital in 
Paris. After his return to Antwerp, he became chair of radiology at the 
Stuivenberg General Hospital in 1973. Five years later, he was appointed 
coordinating chairman of the public assistance hospitals of the city of 
Antwerp. His special interest in angiography and scientific output in this 
domain culminated in the successful public defense of his Ph.D. thesis on the 
ovarian vein syndrome (1976).

In 1978, he was appointed as assistant professor of radiology at the 
University of Antwerp, and he would become the teacher and mentor of sev-
eral generations of medical students. At the inauguration of Antwerp 
University Hospital in 1980, he became chairman of the Department of 
Radiology. Building from scratch a new imaging department, selecting capa-
ble and dedicated collaborators, and developing a structure for teaching resi-
dents and students were the challenges he faced. These were exhilarating 
times, as everything was new and exciting. Arthur De Schepper’s success in 
creating a productive and special ambiance in the Department of Radiology 
was the result of an intense dedication, true feelings of friendship for his col-
laborators regardless of their degree or function, critical discussion, and intel-
lectual honesty. He had an uncanny ability to attract students and collaborators 
of great talent and commitment, and he was able to convey to them his energy 
and enthusiasm.

Between 1980 and his retirement in 2003, Arthur De Schepper trained 
more than 80 radiologists. Together with his staff, nurses, technologists, and 
other collaborators of the department, they constituted his extended family.

His energy and vision resulted in a prolific scientific output. He has authored, 
or coauthored, more than 350 scientific papers, referenced in PubMed.

In 1986, Antwerp University Hospital was the first academic teaching hos-
pital in Flanders to install a superconducting MRI unit. From then on, Arthur 
De Schepper developed a keen interest in imaging of bone and soft tissue 
tumors. He created the “Belgian Soft Tissue Neoplasm Registry” (BSTNR), 
which provided second opinions to radiologists and other medical specialists 
from all over the country. His expertise and the BSTNR database led to the 
publication in 1997 of the first edition of his book Imaging of Soft Tumors, 
which became a huge success. A second edition was published in 2001 fol-
lowed by a third one in 2006. The book was also translated into Chinese, 
which reflects the worldwide impact of his work.

After his retirement as chairman of the department in 2003, he remained 
very active as an expert, and because of his expertise and knowledge, 
Professor Hans Bloem invited him to become a consultant professor of radi-
ology at Leiden University Medical Center, in the Netherlands. He went on 
working with unrelenting energy and enthusiasm keeping his body young and 
his mind alert.
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His groundbreaking work on soft tissue tumors made him a world-leading 
authority on this topic. He was invited to present guest lectures at the European 
Congress of Radiology (ECR), European Society of Skeletal Radiology 
(ESSR), Radiological Society of North America (RSNA), and many other 
major international meetings.

In 2006, Professor De Schepper was awarded Honorary Membership of 
European Society of Skeletal Radiology (ESSR) for his outstanding contribu-
tion to musculoskeletal radiology.

While his medical, scientific, and educational achievements were widely 
known and appreciated, Arthur De Schepper had human and humane quali-
ties only his family and close friends were allowed to fully appreciate. He 
was the loving husband of Anya Augustynen, the proud father of 12 children, 
and the “Papie” of 21 grandchildren. His love for them all, the little things of 
life, the birds in his garden, and his walks in the woods and wanderings 
through the mysterious little alleys of Antwerp, it all crystallized into hun-
dreds of poems.

In November 2011, Professor De Schepper suddenly found himself at the 
other side of the divide, when vague abdominal complaints proved to be 
symptoms of metastatic colon cancer. With admirable courage, he accepted 
the diagnosis and its consequences. He never tried to dissimulate the serious-
ness of his condition and at the same time went on working and helping his 
colleagues as much as physically possible. On 11 September 2013, at a sym-
posium to celebrate the tenth anniversary of his retirement, he gave his last 
lecture at the University of Antwerp, an overview of his long career and a 
lucid summary of what had been and what was to come. Less than 4 weeks 
later, he left us with a last poem:

to whom it may concern
bury me cautiously
with a bunch of lavender
and pen and paper
one never knows
my soul might write
the timeless poem
I never could alive
forget pomp and circumstance
sprinkle humour in my grave
and a piece of the rainbow
one never knows
my eye might see
a spray of colours
I never could alive
don’t bury me loud
put grains of silence in my grave
and an ivory music box
one never knows
there is no heavenly music
but sounds I will hear
I hardly could alive
leave home your funeral wreaths
your elegies and lament
as for an honourable man
put cuddles and caresses in my grave
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one never knows
our love survives
(Kindly translated by Prof. Dr. Jan L.M. Bosmans in English)

Professor Arthur De Schepper will be remembered as a greatly admired 
and internationally respected radiologist, with an almost superhuman dedica-
tion to his work.

We are grateful for the support, warmth, and friendship, which Arthur De 
Schepper bestowed upon us throughout his long and illustrious career. He 
will live in our hearts and minds as a leader in radiology, but even more so as 
our friend, “our” professor.

Finally, we would like to express our special thanks to the family of 
Professor De Schepper and Springer-Verlag for giving us the opportunity to 
edit the fourth edition of this book, which is coedited with Professor Jan 
Gielen and Professor Paul M. Parizel, who is the chair of the Department of 
Radiology at Antwerp University Hospital.

On behalf of my coeditors, Professor Jan Gielen and Professor Paul 
M. Parizel, we would like to dedicate this fourth edition to the memory of 
Professor Arthur De Schepper.

Antwerp, Belgium Filip M. Vanhoenacker 
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The Belgian Soft Tissue Neoplasm Registry (BSTNR) is a multiinstitutional 
database project involving the cooperation of nearly all magnetic resonance 
imaging (MRI) centers in Belgium. This initiative, which was started in 2001, 
had two main goals. First, the BSTNR provided a second opinion report 
(within 48 h) as a professional courtesy toward all cooperating radiologists. 
Second, the BSTNR served as a scientific data bank of soft tissue tumors, 
which are rare lesions in daily radiological practice. All cooperating radiolo-
gists had access to the data of the register for use in clinical scientific studies. 
The scientific value of the BSTNR increased with the installation of a peer-
review group of pathologists, all of whom shared a large amount of experi-
ence in soft tissue tumor pathology. They reviewed the pathological findings 
of all malignant tumors, all exceptional tumors, and all tumors in which there 
was a discordance between MRI and histopathological findings. They guar-
antee that the pathological standard remains “gold.”

Until now we have included more than 1500 histologically proven soft 
tissue tumors. This exceptional material constitutes the foundation of this 
third edition. We are grateful to all the coinvestigators of the BSTNR for 
their long-term contribution. We asked all coauthors to update their chap-
ters with pertinent new data and images. We also asked them to respect 
the new World Health Organization classification of soft tissue tumors, 
which changed considerably in 2002, taking into account the usefulness 
of the classification for the radiologist. This implies that tumors have 
moved from one chapter to another according to their tissue of origin and 
their malignancy grade, e.g., the formerly named malignant fibrous histio-
cytoma, the synovial cell sarcoma, the hemangiopericytoma, and the soli-
tary fibrous tumor. We also asked our coauthors to include at the end of 
their chapters a shortlist of striking features and a concise message to take 
home. The content of many chapters has changed substantially, e.g., the 
chapter on tumors of connective tissue, on pseudotumors, on biopsy of 
soft tissue tumors, and on posttreatment follow-up. The chapter on imag-
ing strategy is tuned according to evolution of the MR technique and 
sequences. In the chapter on MRI, we omit the general principles of the 
method and focus on the sequences that are currently used in the study of 
soft tissue tumors. The index at the end of the book is better organized 
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and more comprehensive. Finally we have added two new chapters, one 
on pathology and a second on molecular biology and genetics. We asked 
both authors to focus on those features that are most important to radiolo-
gists, who will be the main readers of this book. We are grateful to 
Springer-Verlag for giving us the opportunity to produce a third edition of 
a book on a radiological subject, which is a rather exceptional event.

Antwerp, Belgium Arthur M. De Schepper
March 2005
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At the time of writing, our group has had more than 10 years’ experience in 
the imaging of soft tissue tumors. We are now,–more than ever,– convinced 
that a multidisciplinary dialogue between orthopedic surgeons, oncologists, 
pathologists and radiologists is imperative for the medical management of 
these lesions. The common goals of all specialists dealing with soft tissue 
tumors should be: early detection, minimally invasive staging and grading 
procedures, specific diagnosis (or suitably ordered differential diagnosis), 
guided percutaneous biopsies, and the most suitable therapy. This approach 
will guarantee the patient the optimal chances of survival with the best pos-
sible quality of life. To help us achieve these goals, we have established a 
Commission for Bone and Soft Tissue Tumors at the University Hospital in 
Antwerp, which convenes every 2 weeks. This multidisciplinary group for-
mulates opinions and recommendations on diagnosis, prognosis, treatment 
and follow-up, and is highly valued by referring physicians. In addition, we 
are organizing a Belgian Registry of Soft Tissue Tumors with the cooperation 
of all Belgian centers in which MRI equipment is available and intend to 
invite students and investigators from all over the world to share our scientific 
interest in this fascinating field of medical imaging.

The main objective of this second edition of “Imaging of Soft Tissue 
Tumors” is to provide radiologists with an updated and easy-to-read refer-
ence work. This second edition includes new literature references and illus-
trations. Older illustrations have been replaced with higher quality images, 
generated by newer equipment and/or MRI pulse sequences. New tables 
organizing information into summaries have been included and the subject 
index has been updated. Most importantly, the text contains newer insights 
(for instance about fibrohistiocytic tumors), and reflects our own experience 
of increasing understanding of soft tissue tumors and their imaging. The 
chapter about magnetic resonance imaging has been shortened, and now 
focuses mainly on principles, pulse sequences and applications that are 
directly related to the examination of soft tissues and soft tissue tumors. We 
have included new chapters on “Soft Tissue Tumors in Pediatric Patients” and 
“Soft Tissue Lymphoma”, and also a chapter on the controversial subject of 
(percutaneous) biopsy.
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The readers and the reviewers of our book will judge whether we have 
succeeded in our objectives.

Finally, we would like to thank our editor and Mrs. Mennecke-Bühler at 
Springer-Verlag for sharing in the challenge of editing a second edition of this 
book on a rare pathology.

Antwerp, Belgium Arthur M. De Schepper
July 2001
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Although the soft tissues constitute a large part of the human body, soft tissue 
tumors are rare, accounting for less than 1 % of all neoplasms. The annual 
incidence of benign soft tissue tumors in a hospital population is 300 per 
100,000. Moreover, benign lesions outnumber their malignant counterparts 
by about 100–1. The clinical and biochemical findings of soft tissue tumors 
are frequently nonspecific. The first sign is usually a soft tissue swelling or a 
palpable mass with or without pain or tenderness. Laboratory results are fre-
quently normal or show minimal nonspecific changes.

Until a few decades ago, detection of soft tissue tumors usually did not 
take place until late in the course of disease. This resulted from their low 
incidence and nonspecific clinical findings and from the poor sensitivity of 
conventional radiography, which was the only imaging technique available. 
Soft tissue tumors and soft tissue disorders in general were practically 
unknown to radiologists until the introduction of ultrasound and computed 
tomography (CT). Unfortunately, these methods suffered from inherent 
drawbacks, such as the poor specificity of ultrasound and the poor contrast 
resolution of CT.

Many of these problems were solved by the introduction of magnetic reso-
nance imaging (MRI). Thanks to its high contrast tissue resolution and its 
multiplanar imaging capability, new horizons were opened for imaging soft 
tissues. Today, a correct assessment of disorders of bones, joints, or soft tis-
sues is unimaginable without MRI.

In view of recent developments in surgery, radiation therapy, systemic 
chemotherapy, and regional perfusion techniques, the imaging of soft tissue 
tumors is gaining in importance. Correct diagnosis includes the detection, 
characterization, and staging of the lesions. The inadequate diagnosis and 
therapy of soft tissue sarcomas frequently results in tumor recurrence, neces-
sitating major therapeutic “aggression.” MRI is the optimal imaging tech-
nique for avoiding inadequate assessment.

Despite the interest of many groups of radiologists in the subject and 
despite the considerable number of overview articles that have been pub-
lished in the radiologic literature, soft tissue tumors receive only minimal 
attention in modern state-of-the-art books on musculoskeletal imaging. 
Nevertheless, since all radiologists involved in the fascinating field of MRI 
are now confronted with tumoral pathology of soft tissues, there is a need for 
an illustrated radiologic guide on the subject.
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From the beginning of our experience using MRI, back in 1985, we have 
been interested in soft tissue tumors. Our initial findings were discussed at an 
international congress in 1992. Conflicting findings in the literature concern-
ing the sensitivity and specificity of MRI, which were mainly caused by the 
limited number of patients in published series, prompted us to start a multi-
center European study. At the European Congress of Radiology 1993 in 
Vienna, 29 co-investigators from all over Europe agreed to participate (see 
the list ‘Investigators of Multicentric European Study on Magnetic Resonance 
Imaging of Soft Tissue Tumors’). More than 1000 cases were collected, 
which constitute the basis of the radiologic work we prepared.

It was not our intention to write the ‘all you ever wanted to know’ book on 
soft tissue tumors. This objective has already been achieved for the pathology 
of soft tissue tumors by Enzinger and Weiss. Although their famous textbook 
contains a brief discussion of modern medical imaging, you will find it rarely 
on the office desk of radiologists. This present book is intended to serve as a 
reference guide for practising radiologists and clinicians seeking the optimal 
imaging approach for their patients with a soft tissue tumor.

The book is divided into four sections. In the first section we discuss the 
different imaging modalities and their respective contribution to the diagnosis 
of soft tissue tumors. As MRI is generally accepted to be the method of 
choice, there is a detailed theoretical description of this technique combined 
with a short discussion of imaging sequences. We also included a chapter on 
scintigraphy of soft tissue tumors, in which the current literature on the sub-
ject is summarized because scintigraphy was hardly used in our own patient 
material.

The second part deals with staging and characterization of soft tissue 
tumors and is concluded by a chapter on general imaging strategy. Tumor-
specific imaging strategy is, where needed, added at the end of the tumor-
specific chapters, which are collected in Part III. These chapters include a 
short description of epidemiology, clinical and pathological presentation, and 
a detailed discussion of imaging findings. For this Part, we used the classifi-
cation of E.B.Chung (Current classification of soft tissue tumors. In: Fletcher 
CD, McKee PH (eds) Pathobiology of soft tissue tumors, 1st edn. Churchill 
Livingstone, Edinburgh, 1990, pp 43–81), which is an updated version of the 
most comprehensive system of classification, that of the World Health 
Organization. Because the illustrations originate from different institutions 
using different MR systems and pulse sequences, the figure legends only 
mention the plane of imaging (sagittal, axial, coronal), the kind of sequence 
(SE, TSE, GRE, …), and the weighting (T1, T2).

The fourth part consists of only one chapter dealing with post-treatment 
imaging findings.

I would like to thank my co-editors Dr. Paul Parizel, Dr. Frank Ramon, Dr. 
Luc De Beuckeleer, and Dr. Jan Vandevenne, and all the coauthors for the 
tremendous job they have done. From this work I learned that writing a good 
book requires a sabbatical leave, which good fortune I did not have.

As previously mentioned, it has been possible to include many of the illus-
trations shown in the book only because of the cooperation of the 29 European 
investigators, to whom I owe my gratitude. We gratefully acknowledge the 
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support of Prof. Eric Van Marck, pathologist at our institution, for reviewing 
the manuscript, and of Ingrid Van der Heyden (secretary) for her aid in pre-
paring so many chapters. Finally, I wish to express my gratitude to Springer-
Verlag and to Dr. Ute Heilmann for sharing the challenge of preparing this 
book with us.

Antwerp, Belgium Arthur M. De Schepper
June 1996
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1.1  Introduction

This chapter will illustrate how ultrasound (US) 
and color Doppler US (CDUS) vascular imaging 
are currently used in imaging of soft tissue tumors 
and the skin and will also focus on the advantages 
and drawbacks of this modality.

US being a readily available, noninvasive, and 
relatively inexpensive imaging modality plays a 
significant part in the diagnostic work-up of soft 
tissue masses and of superficial lesions. In daily 
practice, US is a powerful tool to differentiate 
many superficial benign tumors (neurogenic 
tumors, superficial lipoma) and tumorlike lesions 
(cysts, ganglia, scar, synovial chondromatosis, 
lipoma arborescens, etc.) from real tumors. It 
may help in differentiating a localized mass from 
diffuse edema and solid from cystic lesions [100]. 
US is able to identify the lesion size, volume, and 
configuration to determine its internal character-
istics and, in selected cases, to monitor response 
to chemotherapy. However US cannot detect 
lesions that are confined to the epidermis or that 
measure less than 0.1 mm in depth [138]. US 
supplemented by CDUS interpretation plays an 
important role in the recognition of potentially 
malignant lesions. Real-time and dynamic inter-
pretation of the lesion is an important advantage 
of clinical ultrasound and is mandatory for cor-
rect interpretation. Diagnosis solely based on 
evaluation of hard copies is therefore not 
recommended.

1.2  General Principles

1.2.1  Color Doppler US

As previously mentioned, CDUS and dynamic 
interpretation are absolute prerequisites of each 
US examination improving diagnostic US speci-
ficity. In superficially located lesions, sensitivity 
of CDUS is significantly improved by avoiding 
skin contact and compression. CDUS is a nonin-
vasive method of detecting blood flow and 
assessing flow direction simultaneously. The 
anatomic flow information is superimposed on 
all or part of the grayscale image. Backscattered 

signals in CDUS are displayed in color as a func-
tion of the motion of the erythrocytes toward or 
away from the transducer. Lower flow velocities 
are characterized by higher saturation of colors. 
The color- coded information is distinct from that 
yielded by spectral duplex Doppler imaging, 
which is useful when more detailed information 
about flow velocity or spectral analysis, of a kind 
that may aid in tissue characterization, is impor-
tant [112]. As such, color flow US and spectral 
Doppler are complementary techniques. The 
ability of color Doppler US to provide a global 
view of flow in real time minimizes the chance 
of missing flow in an unexpected area and facili-
tates comparison of flow in different anatomic 
locations. To avoid diagnostic error, however, 
color flow mapping, which is solely a qualitative 
method, should be supported by spectral analy-
sis [12, 96, 142]. The use of CDUS as an obliga-
tory additional tool of describing the biologic 
activity, structure, extension, and blood supply 
of soft tissue tumors.

1.2.2  Role of US and CDUS in Soft 
Tissue Lesions

Specificity of US characterization of benign 
cases (tumors and tumorlike lesions) is higher 
compared to malignant cases. Thus the appear-
ance of the most common, benign soft tissue 
tumors on US which have been reported will be 
emphasized in this chapter. Owing to the nonspe-
cific US characteristics of most soft tissue tumors, 
the particular roles of US and CDUS are to con-
firm the presence of a suspected lesion. By dif-
ferentiating certainly benign from indeterminate 
(potentially malignant) lesions with US and 
CDUS, further diagnostic and therapeutic work-
 up may be guided in the majority of cases.

After an initial US examination, the role of 
other imaging modalities can be determined. 
MRI should be reserved for cases in which US 
fails to establish a specific diagnosis or fails to 
demonstrate the margins of a soft tissue mass 
accurately. Nevertheless, additional value of MRI 
in small and superficial epidermal or dermal 
lesions remains limited.

J. Gielen et al.
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Advantages of US over MRI are the lack of 
partial volume averaging effects, the availability 
and low cost of the technique, and the short 
examination time. Moreover, motion artifacts, 
which may occur in noncooperative patients and 
children, are of less relevance when US is used 
but may prevent appropriate CDUS imaging. A 
limitation of US is evaluation of the extension of 
a soft tissue tumor, in particular to adjacent bony 
structures.

The use of US-guided fine-needle aspiration 
biopsy (FNAB) or core needle biopsy (CNB) will 
be discussed in Chap. 7. US-guided FNAB or CNB 
is generally less time consuming and less expen-
sive than those using computerized tomography 
(CT) or MRI, with easier patient access [110].

1.2.3  US and CDUS Characteristics 
of Tumor and Tumorlike 
Lesions

In case of a peripheral, small- to moderate-sized 
soft tissue mass, high-resolution (15–18 MHz) 
US can document the size and extent, intra- or 
extra-articular localization, location superficial 
or deep to the investing fascia, and relationship to 
surrounding anatomic structures. This holds true 
for the skin and hypodermis, neck, all peripheral 
joints, and especially for the wrist, hand, and fin-
gers [8, 14, 39, 117, 118]. Despite new develop-
ments with extended field of view (panoramic 
US), US has no role, however, in the staging of 
large, primary soft tissue sarcomas and bone 
tumors with soft tissue extension. In this setting 
MRI is the modality of choice.

For the purpose of grading, US-guided biopsy 
can provide samples for histological and immu-
nohistochemical diagnosis (Chap. 7) [40, 141]. 
This applies to soft tissue tumors, as well as to 
bone tumors with marked extra-osseous tumor 
extension.

Malignant soft tissue tumors are rare; the 
majority of presenting soft tissue swellings are 
benign in character [5], 96 % in the series of 
Hung et al. of lesions superficial to the investing 
fascia [117]. Even if this benign character is 
already clinically suspected, US can be used to 

reassure the patient and the referring physician 
that this is indeed the case and thereby can obvi-
ate the need for further (imaging) work-up. If 
malignancy is suspected, on the other hand, US 
can be used to guide an 18–10-gauge (automated 
gun, Tru-cut, or Spirotome ®) core needle biopsy 
(CNB) [49]. Since tissue sampling can be guided 
by US to avoid areas of hemorrhage and tumor 
necrosis, a high-yield solid component is possi-
ble [56, 58, 134, 141]. The constant real-time 
visualization of the needle tip position that is 
available on US considerably may increase safety 
and shorten the procedure time, as opposed to CT 
and MRI [25].

The advantages of US over CT and MRI are 
its low cost and availability at short notice: a US 
examination can often be performed the same 
day or within a few days of the outpatient’s initial 
visit. One specific advantage over CT is the lack 
of radiation exposure.

The drawbacks of US are its rather poor speci-
ficity in defining the tumor’s histological nature 
of deep-seated lesions. Two studies addressed the 
accuracy of US in the characterization of soft tis-
sue tumors including deep-seated tumors: a sen-
sitivity of 40–42 % and specificity of 64–86 % for 
lipoma and sensitivity of 63 % and specificity of 
86 % for nerve sheath tumor were calculated [25, 
139]. Except for lipoma most benign tumors, sar-
coma, lymphoma, nerve tumors, and benign and 
malignant skin lesions all present as hypoechoic, 
solid soft tissue masses; angiogenesis is docu-
mented in most tumors (Fig. 1.1); hence particu-
larly problematic for specific US diagnosis are 
the absence of CDUS signal in some superficial 
vascular malformations and nerve sheath tumors 
and the poor conspicuity of the entering and exit-
ing nerves in small subcutaneous nerve sheath 
tumors [25, 39, 47, 56, 117, 130]. US with CDUS 
is ideally performed with a variable frequency 
probe in which the upper range of the frequencies 
(15–18 mHz) are used for the evaluation of the 
skin layers (epidermis-dermis) and the frequen-
cies lower than 13 mHz are used for the deeper 
tissues. High and ultrahigh resolution (15 mHz 
and 20 mHz and higher, respectively) has a defi-
nite better diagnostic accuracy for evaluation of 
lesions superficial to the investing fascia and at 

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions

http://dx.doi.org/10.1007/978-3-319-46679-8_7
http://dx.doi.org/10.1007/978-3-319-46679-8_7


6

the skin [1, 138]. Addition of US to clinical 
examination improved correctness of the diagno-
sis to 97 % as calculated by Wortsman in a retro-
spective study in 4338 US examinations [138]. 
Overall diagnostic accuracy of US was 77 % in 
tumor and tumorlike lesions superficial to the 
investing fascia, with a high diagnostic accuracy 
in differentiating benign from malignant lesions 
(sensitivity and specificity of 94.1 % and 99.7 %, 
respectively) as calculated by Hung et al. in a ret-
rospective study on 247 lesions [117]. US overall 

sensitivity was 99 %, specificity was 100 %, and 
statistical diagnostic certainty was 99 %. Highest 
specificity and sensitivity were described for 
lipoma (95.2 and 94.3 %, respectively), vascular 
malformation (73 and 97.7 %, respectively), epi-
dermoid cyst (80 and 95 %, respectively), and 
nerve sheath tumor (68.8 and 95.2 %, respec-
tively). These four tumor types comprised nearly 
three-quarters (73 %) of all lesions. A small 
minority of lesions, 4 %, at the subcutaneous tis-
sue were malignant including metastasis (4/11), 

a b

c

d

Fig. 1.1 Myxofibrosarcoma in a 65-year-old female 
patient with painless firm mass at the right thigh. 
Demonstration of tumoral mass with nonspecific US char-
acteristics for which further MRI examination and subse-
quent biopsy is mandatory. (a) Sagittal EVOFS US image 
demonstrating a nonhomogeneous hypoechogenic poly-
nodular lesion centered and with a broad base at the super-
ficial fascia of the rectus femoris, protruding into the 
subcutaneous tissue, maximal longitudinal diameter 3 cm 
(longest oblique diameter 5 cm). Indistinct borders with 
infiltrative aspect of the subcutaneous tissue. (b) Sagittal 

CDUS image demonstrating marked nonhomogeneous 
angiogenesis with areas of absent vessels. (c) Axial TSE 
T2-WI, nonhomogeneous intermediate to low SI lesion 
with polynodular morphology and stranding at the subcu-
taneous tissue. (d) Axial TSE T1-WI with FS after IV 
gadolinium administration. Marked nonhomogeneous 
enhancement of the lesion and the perilesional stranding. 
Enhancement of the superficial fascia of the rectus femo-
ris muscle and the vastus lateralis muscle, focal invasion 
at the level of the rectus femoris muscle (arrow) con-
firmed after resection

J. Gielen et al.
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lymphoma (3/11), malignant fibrous histiocy-
toma (1/11), Merkel cell carcinoma (1/11), and 
dermatofibrosarcoma protuberans (2/11). 
Previously the relatively low accuracy of US was 
attributed to the variable appearance of a given 
soft tissue tumor on US, e.g., cystic hygroma, 
skeletal muscle hemangioma, lipoma, and mela-
noma [15, 39, 80]. This is in contradistinction 
with Hung et al. who concluded that reduced 
observer awareness of specific tumor and tumor-
like entities resulted in underdiagnosis rather 
than the poor specificity of US findings [117]. 
Indeed, increasing experience with US combined 
with relevant clinical information led to improve-
ment of lesion characterization on the basis of 
their imaging characteristics and to recognize 
indeterminate lesions needing further diagnostic 
work-up (Figs. 1.2, 1.3 and 1.4).

US with CDUS criteria that suggest malig-
nancy are nonhomogeneous echotexture and 
architectural distortion due to infiltration of adja-
cent structures with angiogenesis with variable 
caliber of tumor vessels (Fig. 1.1). Benign tumors 
are more often homogeneous and regularly delin-
eated and cause displacement rather than inva-
sion of adjacent structures [56, 87]. However, 
there is considerable overlap between these two 
groups. Benign tumors such as skeletal muscle 

vascular malformation (formerly known as hem-
angioma), neurofibroma, and schwannoma can 
present with features of poor delineation and 
nonhomogeneous echotexture, while sarcomas 
on the other hand often demonstrate sharply 
defined margins due to pseudo-capsule formation 
[28]. If these sarcomas are small in size at the 
time of detection, the tumor necrosis that would 
result in nonhomogeneity on US may not yet 
have occurred. Some lesions are, however, also 
characterized by their specific location, e.g., sub-
ungual glomus tumor and branchial cyst [45], 
adding to the specificity of the diagnosis. CDUS 
and spectral Doppler analysis of soft tissue 
tumors is of limited value when differentiating 
benign from malignant tumors. If a multitubular- 
organized vascular pattern is present, the tumor is 
more likely to be benign. Flow characteristics are 
not specific enough to be applicable in clinical 
practice [54]. Resistive indices cannot be used to 
distinguish benign from malignant musculoskel-
etal soft tissue masses [71].

Experience with the potential value of strain 
and shear wave elastography in soft tissue tumors 
is still preliminary [86]. The mean strain ratios in 
strain elastography of malignant tumors were 
significantly higher than the mean strain ratios 
of benign tumors. There was no significant 

a b

Fig. 1.2 Endometrioma at the abdominal wall in 40-year- 
old female patient with cyclic painful small mass at the 
left iliac fossa and previous history of laparoscopic sur-
gery. (a) US examination demonstrating nonhomoge-
neous hypoechogenic small mass lesion demonstrating 
small vessels, irregular margins with infiltrative aspect in 

the subcutaneous tissue and at the rectus abdominis fascia. 
(b) MRI axial haste T2-WI with nonhomogeneous low to 
intermediate SI mass superficially located. Note also infil-
tration of the superficial muscle fascia of the rectus 
abdominis muscle

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions
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 difference for strain histograms and visual 
 scoring. Strain ratios may be used as an addi-
tional tool in soft tissue tumor evaluation, possi-
bly minimizing the number of biopsies [108]. 
Quantitatively and qualitatively, there is no statis-
tically significant association between shear 
wave velocity and malignancy. Currently, there is 
no clear additional role compared to B-mode 
imaging [98].

The best practical approach is to use ultra-
sound as a tool for selection of those lesions that 
are confidently diagnosed as benign. To prevent 
delay in diagnosis, all indetermined lesions should 
be submitted to further diagnostic work- up by 
MRI and imaging-guided CNB in that order [16]. 
Ultrasonographically definite benign lesions are 
homogeneous cystic lesions with strong posterior 
enhancement and sharp margins that do not show 

a b

Fig. 1.3 Myxoma at the left gluteus maximus muscle in a 
60-year-old female patient presenting with painless mass 
lesion. (a) US examination reveals homogeneous asonant 

round to oval mass lesion with sharp margins and acoustic 
retro-enhancement. Maximal diameter 3.5 cm. (b) The 
lesion is avascular on CDUS examination

Fig. 1.4 Wood fragment at 
the subcutaneous tissue of 
the dorsum of the right foot 
surrounded with cellulitis 
area. US demonstrates 
reflective triangular wood 
fragment (arrow) 
surrounded with 
hyporeflective 
hypervascular tissue

J. Gielen et al.
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any vascular signal with CDUS (at highest sensi-
tivity presets). Careful US examination combined 
with clinical correlation may suggest a specific 
diagnosis in the case of an epidermal inclusion 
cyst (Fig. 1.5), lipoma (Figs. 1.21 and 1.22), or, in 
the presence of a phlebolith, a skeletal muscle 
vascular malformation [87, 113]. Also in patients 
with an initial diagnosis of trauma with Morel-
Lavallée, hematoma, or muscle tear, it is evident 
that an accurate history report is important. A 
hematoma does not arise spontaneously, except in 
patients with a coagulation disorder or treated 
with anticoagulation medication. Hematoma does 
not keep on growing and has the history of a direct 
or contusional trauma, mostly severe enough.

The trade-off for high-frequency, linear, mus-
culoskeletal transducers is their limited depth of 
penetration and the small, static scan field. This is 
a disadvantage if the soft tissue swelling is large, 
localized deep in the flexor compartment of the 

calf, the proximal thigh, buttocks, or trunk or in 
case of obese patients. Extended field of view 
sonography (EFOVS) overcomes the disadvan-
tage of a limited, standard field of view [131]. By 
generating a panoramic EFOVS image, size and 
anatomical spatial relationships of a soft tissue 
mass are better evaluated (Fig. 1.1a). EFOVS 
improves also communication of imaging find-
ings to the referring clinician and contributes to 
increased reproducibility, which is important for 
follow-up of lesions [6, 26, 84, 132]. If EFOVS is 
unavailable, US is not the preferred imaging 
modality due to its lack of overview and penetra-
tion, and MRI should be used as examination 
of choice [5]. These characteristics of high- 
frequency transducer characteristics turn into 
benefits, however, when it comes to diagnosing 
very small lesions superficially located, lesions 
as is the case in the wrist, hand, and foot, and 
lesions of the skin and of peripheral neural  origin. 

ba

c

Fig. 1.5 US of the normal skin plantar area (a), heel (b), 
and nail bed first toe (c), high resolution with differentia-
tion of the epidermis and dermis, for comparison 
8–18 mHz 2-cm-wide linear probe and 6–15 mHz 5-cm-
wide linear probe (GE healthcare Logic E9 with resp. ML 
6–15 and L8-18i). (a) Plantar skin area at 18 mHz. Thin 
hyperreflective epidermis layer (1) with reflective dermal 

layer (2) and hyporeflective subcutaneous fat layer (3). (b) 
Heel area at 11 mHz. Thin hyperreflective epidermis layer 
(1) with reflective dermal layer (2) and hyporeflective sub-
cutaneous fat layer (3). (c) Nail toe 1. At the nail bed, 
hypoechoic nail bed and matrix area (arrows) is covered 
with reflective nail superficially and reflective corticalis of 
the distal phalanx

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions



10

The scanning plane can be easily adjusted to the 
complex local anatomy of the hand, wrist, and 
foot as was discussed [42, 64, 138].

Other applications of US in soft tissue tumor 
imaging are US-guided interventional proce-
dures, staging and grading of dermatologic 
lesions. Diagnostic procedures and therapeutic 
interventions that are guided by US are gaining in 
popularity in the musculoskeletal imaging, fol-
lowing the already more established use of this 
technique in mammography and the abdominal- 
genitourinary field.

Percutaneous interventions range from gan-
glion aspiration (18–22 gauge), fine-needle aspi-
ration biopsy (FNAB) in suspected carcinoma 
metastasis, local recurrence of a soft tissue sar-
coma, core needle biopsy (CNB) of extra- and 
intra-articular solid soft tissue masses, and preop-
erative needle wire localization of nonpalpable 
solid soft tissue and vascular tumors to aspiration 
and culture sampling of a fluid collection, percu-
taneous catheter drainage of subperiosteal 
abscess, and muscle biopsy in neuromuscular 
disease [14, 15, 20, 22, 25, 85, 101, 109, 141]. 
The procedures can be performed after US selec-
tion of the approach (site, depth, and needle 
angulation) and subsequent skin marking, or bet-
ter, under real-time US guidance [25, 141].

In screening for nonpalpable subcutaneous 
metastases of melanoma and cancers of the lung, 
breast, colorectum, stomach, or ovary and for 
melanoma recurrences, 7.5 MHz linear array 
transducers can dynamically screen a wide area 
of the body [1, 38], but this procedure will prob-
ably be replaced by FDG-PET scan as a whole- 
body staging procedure with an overall sensitivity 
and specificity of 89 and 96 % [102, 114]. CT is 
obsolete as it underestimates the number of 
lesions [101].

Ultrahigh resolution US (20–30 MHz) is 
being used in imaging of nodular and infiltrative 
epidermal and dermal lesions. The width of the 
field of view is 1.2 cm, and the depth of penetra-
tion only 1–2 cm.

US using frequencies of 15 MHz or more can 
clearly define the skin layer morphology includ-
ing changes in the epidermal thickness [124]. 
Although epidermal lesions are visible, accurate 

clinical assessment of their depth of extension is 
not possible without ultrahigh-frequency 
(> = 20 mHz) US. Ultrahigh-frequency US is a 
sensitive tool in lesion detection and delineation 
of the deep margin of skin lesions. In the majority 
of lesions, however, it cannot differentiate malig-
nant from benign lesions and will not obviate fur-
ther need for biopsy [39]. Even with these 
ultrahigh-frequency transducers, the normal epi-
dermis cannot be visualized. Exceptions are the 
sole of the foot and the hypothenar area. 
Hypodermis can be visualized as a hyperechoic 
layer.

In the detection of local recurrences of soft tis-
sue sarcoma, MRI and US appear to be equally 
sensitive. US, however, is the most cost-effective 
method in the detection of early local recurrences 
of soft tissue sarcomas and should therefore be 
used for initial routine follow-up and guided biop-
sies [4]. The presence of a non-elongated, 
hypoechoic mass is highly suspicious for local 
recurrence [23]. However, US may be inconclu-
sive in the early postoperative period (3–6 months 
postoperatively), as inhomogeneous, hypoechoic 
masses may also represent hematoma, abscess, or 
granulation tissue (Fig. 1.4). US follow-up with 
comparison to a baseline study on MRI, both per-
formed 4–6 weeks after surgery, can help to dif-
ferentiate such cases. US-guided FNAB and/or 
CNB represents a possible alternative. MRI diag-
nosis of a soft tissue tumor recurrence in the 
immediate postoperative period or after irradia-
tion can be extremely difficult due to the diffuse 
high signal intensity background in (fast) spin- 
echo T2-weighted images or post-contrast (fat- 
suppressed) spin-echo T1-weighted sequences. If 
the tumor recurs in poorly vascularized postoper-
ative scar tissue, intravenous gadolinium adminis-
tration may have little effect in terms of tumor 
enhancement and thereby increased conspicuous-
ness [23, 67]. If scar tissue and recurrence cannot 
be differentiated, US-guided or CT-guided percu-
taneous biopsy should be considered [11, 23]. 
Under those circumstances the exam has prime 
prognostic and therapeutic value [141].

Obtaining an MR time slot may be a practical 
problem in most institutions if the imaging- 
guided biopsy has to be performed on short 

J. Gielen et al.
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notice. In a US- or CT-guided procedure, this 
problem does not exist. In addition, the technical 
staff is limited to US operator.

1.3  Superficial Soft Tissue 
Tumors and Tumorlike 
Lesions

Superficial soft tissue lesions are a distinct 
group of lesions in which US with CDUS has a 
more specific role improving the accuracy of the 
clinical diagnosis. Superficial soft tissue tumors 
can be classified into two categories: epidermal- 
dermal (or cutaneous) lesions and subcutaneous 
fat layer (or subcutaneous) lesions (Fig. 1.5a–c) 
(US of the normal skin and nail). The normal 
hyporeflective subcutaneous fat layer narrows 
with increasing external compression by the 
probe. Thickness of the dermis is variable, thin 
at the forearm and thick, as a result of high col-
lagen content, in the lumbar region [138]. The 
subcutaneous fat layer is composed of hyposo-
nant fat lobules interspersed with reflective 
fibrous septa (Fig. 1.5a–c). Cutaneous lesions 
include tumors originating from the skin 
appendages such as sweat glands, sebaceous 
glands, and hair follicles. Subcutaneous tumors 
include most mesenchymal tumors, but mesen-
chymal tumors can also occur in the dermal 
layer [8, 138].

Both cutaneous and subcutaneous tumors are 
mainly located in the subcutaneous fat layer 
rather than the dermis because the dermal layer is 
relatively strong and elastic compared with the 
subcutaneous fat layer. Benign cutaneous tumors 
include eccrine spiradenoma, chondroid syrin-
goma, pilomatricoma, dermatofibroma, stump 
neuroma, schwannoma, and neurofibroma. Other 
benign tumors that may be located in the subcu-
taneous fat include vascular malformation, vas-
cular leiomyoma, neurofibroma, schwannoma, 
lipoma, glomus tumor, and stump neuroma. 
Malignant cutaneous tumors include melanoma, 
metastasis, and lymphoma. Other malignant 
tumors that may be located in the subcutaneous 
fat are synovial sarcoma, lymphoma, and metas-
tasis. Tumorlike lesions at the subcutaneous area 

consist of ganglion cysts, Langerhans histiocyto-
sis, nodular fasciitis, rheumatoid nodule, fat 
necrosis, abscess, tumoral calcinosis, and epider-
mal inclusion cyst [51]. High-frequency US tech-
nique has been a valuable addition to the 
diagnosis. It allows a real-time view of the skin 
with discrimination of structures that measure 
≥0.1 mm and provide highly useful information 
on the blood flow in the skin and its surroundings 
[138] (Table 1.1).

1.4  US Findings in Specific Soft 
Tissue Tumors and Tumorlike 
Lesions of the Extremities

1.4.1  Articular and Synovial Sheath 
Masses

1.4.1.1  Synovial Osteochondromatosis 
or Synovial Chondromatosis

The condition known as synovial osteochondro-
matosis or synovial chondromatosis is a meta-
plastic transformation of synovial cells into 
cartilage. These cartilaginous nodules often cal-
cify and/or ossify as nodules of equal size. US is 
the imaging modality of choice when the disease 
is suggested by clinical examination or radio-
graphs [24]. Both exclusively cartilaginous and 
calcified nodules can be identified by US 
(Figs. 1.6 and 1.7). Due to its dynamic scanning 
ability, US can, in joints that are in the range of 
US, also differentiate freely moving bodies from 
nodules embedded in the synovium. Nodules 
may form an acoustic shadow front if calcified 
[91, 97, 106]. Synovial osteochondromatosis or 
chondromatosis usually presents as a monoartic-
ular disease. Rarely bursae and tendon sheaths 
undergo synovial metaplasia.

1.4.1.2  Tenosynovial Giant Cell Tumor 
(Pigmented Villonodular 
Synovitis (PVNS))

Pigmented villonodular synovitis (PVNS), also 
known as giant cell tumor when it affects the ten-
don sheath, is a benign inflammatory disorder 
resulting in diffuse or localized synovial 
hypertrophy.

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions
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In articular PVNS, US depicts hypoechoic 
synovial proliferation of variable thickness, 
affecting the entire synovial cavity or only a 
limited portion (Figs. 1.8 and 1.9). Lobulated 
soft tissue nodules may project from the 
synovium into a hypoechoic or anechoic joint 
effusion, as a result of debris or hemorrhage. 
Loculations of joint fluid may be created by the 
synovial infolding [70].

Rheumatoid arthritis, seronegative inflamma-
tory arthritis, hemophilic arthropathy, and gout 
arthritis should be considered in the differential 
diagnosis of diffuse synovial hypertrophy on US 
[70].

PVNS of the tendon sheath is called giant cell 
tumor and is a common tumor at the hand.

US depicts it as a well-defined, occasionally 
slightly nonhomogeneous or lobular, 
hypoechoic, solid soft tissue mass, abutting or 
eccentrically enveloping the tendon [4, 11, 60, 
72] (Fig. 1.10).

1.4.1.3  Amyloidosis
β2-Amyloid arthropathy occurs in patients 
undergoing long-standing hemodialysis (more 
than 5 years) with the cuprophane membranes 
and in patients with multiple myeloma. The 
cuprophane membranes’ related condition is 
prone to  extinction as these membranes are no 
longer used. Amyloid arthropathy may involve 
every joint in a systemic way. Articular depos-
its are characterized by thickening of the 

Table 1.1 Most frequent mass lesions with frequency and relative frequency at the skin and subcutaneous tissue in the 
series of Wortsman [138]

Group Frequency (%) Specific diagnosis Relative frequency (%)

Benign nonvascular tumors 46 Lymph node (enlarged) 31

Lipoma 28

Epidermoid cyst 23

Pilomatricoma 6

Articular and periarticular 
lesions

17.5 Synovial ganglion cyst 60

Bursitis 21

Synovitis 19

Inflammatory and infectious 
lesions

15.5 Fat necrosis 51

Fluid collections 19

Fistulae 8

Warts 8

Hidradenitis suppurativa 6

Benign vascular tumors 9.2 Hemangioma (hamartoma) 65

Vascular malformation 34

Nail lesions 5.5 Psoriasis 68

Glomus tumor 12

Granuloma 9

Subungual exostosis 4

Exogenous skin components 3.5 Cosmetic cutaneous fillers 56

Foreign bodies (glass, wood, 
thorns)

44

Malignant tumor 1.7 Basal cell carcinoma 55

Squamous cell carcinoma 24

Cutaneous metastasis 8

Vascular non-tumoral lesions 1.1 Mondor disease (sclerosing 
thrombophlebitis of subcutaneous 
vessels)

35

Nonsclerosing vascular thrombosis 25

Anatomic variants 40
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synovium, and subchondral articular intraosse-
ous amyloid deposits are demonstrated with 
increasing number and diameter over time and 
described as growing bone cysts [50]. The US 
parameters of shoulder amyloid arthropathy are 
enlargement of the rotator cuff tendons (supra-
spinatus tendon larger than 8 mm in thickness, 
its normal range being 4–8 mm), focal intraten-
dinous areas of increased echogenicity, disten-
tion of the glenohumeral joint space, the 
synovial tendon sheath of the long head of the 
biceps and the subacromial- subdeltoid bursa, 
irregularity of the humeral head, and abnormal 
fluid collections around the joint [46] (Figs. 1.10 
and 1.11).

The capsular and articular or bursal synovial 
amyloid deposits have a slightly heterogeneous 
hypoechoic echotexture.

The US findings of a maximal rotator cuff 
thickness greater than 8 mm or the presence of 
hypoechoic pads between the muscle layers of 
the rotator cuff has a 72–79 % sensitivity and 
97–100 % specificity for amyloidosis, in the 
setting of long-standing hemodialysis [19, 46, 
72, 89].

Fig. 1.6 Synovial osteochondromatosis of the left shoul-
der joint in a 20-year-old woman. Transverse US image of 
the posterior, caudal aspect of the left shoulder (5 MHz 
curvilinear transducer). Marked distention of axillary 
recess (outlined by small arrows), filled with synovial 
proliferation. Embedded are multiple, equal-sized carti-
laginous bodies. Synovial proliferation was also noted in 
the infraspinatus recess and biceps tendon sheath (not 
shown). The biceps tendon sheath contained multiple, 
partially calcified, metaplastic nodules. The patient was 
treated by synovectomy

a b

Fig. 1.7 (a, b) Synovial osteochondromatosis of right hip 
joint in a 40-year-old white man with a 2 year history of 
right hip pain. (a) Axial CT scan section at tip of greater 
trochanter; bone window setting. (b) Longitudinal, ante-
rior US image. One, larger, peripherally calcified nodule 
and numerous small, faintly calcified nodules can be iden-

tified, predominantly in the medial and anterior joint 
space (a) Marked distention of the anterior hip joint space 
(b) (between calipers). Intra-articular synovial prolifera-
tion; two embedded metaplastic nodules. The most proxi-
mal, calcified nodule demonstrates posterior acoustic 
shadowing

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions
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1.4.2  Peripheral Neurogenic Tumors

Large peripheral nerves of the extremities, such 
as the sciatic, popliteal, ulnar, and median 
nerves, can be routinely identified by high- and 
ultrahigh- resolution real-time US [16, 36, 52, 
60, 80]. In a high-frequency US examination, 
also smaller superficial peripheral normal nerves 
can be identified as a hyperechoic, fascicular 
soft tissue structure in its course between mus-
cle bellies and at the subcutaneous tissue (sural 

nerve) [22]. The configuration is concentric or 
oval in transverse section and tubular on longi-
tudinal view. The nerve roots of the brachial 
plexus are homogeneous hyporeflective, 
whereas the peripheral nerves show on ultra-
high-frequency transducers an alternating pat-
tern of hypo- and hyperechogenicity. The 
parallel-oriented, but discontinuous, linear, 
hypoechoic areas represent coalescing bundles 
of neuronal fascicles, embedded in a hyper-
echoic background of connective tissue, called 

a b

c

Fig. 1.8 (a, b) Pigmented villonodular synovitis (PVNS) 
involving the left talocalcaneonavicular joint in a 47-year- 
old man. (a) Lateral radiograph. (b) Longitudinal US 
image of dorsum of hind foot. (c) Sagittal gradient-echo 
T2-weighted MR image. Radiograph shows dense soft tis-
sue mass along the dorsal aspect of talus and navicular 
which contains a single calcification. (a) Well-defined, 

inhomogeneous, but predominantly hypoechoic solid soft 
tissue mass. Minute anechoic foci and small hyperechoic 
areas are also present. (b) Note secondary pressure ero-
sion of the talar neck. The low signal intensity 
hemosiderin- laden soft tissue mass involves the talona-
vicular and communicating anterior and middle subtalar 
joint (c)

J. Gielen et al.
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endo-, peri-, and epineurium. US underesti-
mates the number of neuronal fascicles, when 
compared with histological sections. Presumed 
explanations are the undulating neural course 
and its resultant obliquity and lateral deforma-
tion. With the use of lower US frequencies, the 
hypoechoic areas within the nerve become less 

defined and less numerous as a result of degra-
dation in image resolution [80].

The nerve remains immobile in comparison to 
its surrounding musculotendinous structures during 
(passive or active) dynamic examination. This is 
best visualized on longitudinal view. A slight nerve 
translation on longitudinal view is depicted at the 

a b

Fig. 1.9 (a, b) Bifocal pigmented villonodular synovitis 
of the right knee. (a) Sagittal gradient-echo MR image. 
(b) Longitudinal US image; split screen comparison view 
of dorsal femorotibial joint space. Marked distention of 
posterior femorotibial joint space, filled with soft tissue 
mass of intermediate signal intensity. (a) Multiple foci of 
low signal intensity are present both in the deep and 
superficial dorsal aspect of the mass. Intraosseous tumor 

extension in the dorsolateral aspect of the tibial proximal 
metaphysis (a, arrows) is noted as well. The symptomatic 
right side (b) shows a slightly inhomogeneous, predomi-
nantly hypoechoic synovial soft tissue mass, enveloping 
the posterior cruciate ligament insertion. The mass dis-
places the posterior capsule. A second tumor focus was 
localized in the medial aspect of the suprapatellar pouch 
and was biopsied

a b

Fig. 1.10 Giant cell tumor of tendon sheath at the latero-
volar aspect of the proximal phalanx of the middle finger 
in a 44-year-old male patient. (a) Longitudinal US view 
demonstrating oval mass lesion at the subcutaneous tis-

sue, lateral adjacent to the flexor tendons, superficial part 
is hyporeflective, deeper part is more reflective. (b) 
Longitudinal CDUS demonstrating marked vascular sig-
nal at the superficial hyporeflective part

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions
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level of the forearm nerves while the head is bended 
to the contralateral side. Normal nerves are flattened 
out by transducer compression in transverse view.

Of key importance in the diagnosis of a 
peripheral neurogenic tumor is the recognition of 
the location along the peripheral nerve course.

1.4.2.1  Peripheral Nerve Sheath 
Tumors

Tumors of peripheral nerves are rare, usually 
benign, and subcutaneous in location. US reports 
have documented schwannoma, neurofibroma, 
and neural fibrolipoma (formerly called fibrolipo-
hamartoma) [9, 11, 21, 29, 59, 62, 64, 77, 78] 
(Fig. 1.12). In the series of Hung et al., nerve 
sheath tumors were the third most frequent diag-
nosis superficial to the investing fascia (16/247) 
with a US diagnostic sensitivity and specificity of 
68.8 and 95.2 %, respectively [1]. With the excep-
tion of intraneural ganglion and neural fibroli-
poma, all these nerve-related tumors and tumorlike 
lesions were hypoechoic masses [16, 21, 29, 35, 
59, 60, 62, 77, 78]. A plexiform neurofibroma was 

reported as an almost echo-free mass with poor 
back wall enhancement [105] (Fig. 1.13). The 
majority of reported schwannomas and two neu-
rofibromas, both of them in von Recklinghausen’s 
disease, showed posterior acoustic enhancement 
[16, 21, 62] (Fig. 1.14). A tarsal malignant periph-
eral nerve sheath tumor (MPNST), arising at the 
site of multiple, postsurgical in situ recurrences of 
an initial schwannoma, showed poor delineation, 
homogeneous hypoechogenicity, and some dorsal 
acoustic enhancement.

Schwannomas and neurofibromas may show 
poorly defined contours [59, 64]. Some schwan-
nomas and neurofibromas show intratumoral 
nonhomogeneity [94] (Fig. 1.14). The majority 
of reported schwannomas are well defined, the 
majority of neurofibromas poorly defined.

1.4.2.2  Nerve-Related Tumorlike 
Lesions

Intraneural ganglion is a cystic, glue-like mass 
containing fluid and lined with collagen within 
the epineurium that may cause pain and motor 
dysfunction due to compression [77, 78]. These 
are nonneoplastic cysts caused by the 
 accumulation of thick mucinous fluid through a 
connecting branch with a neighboring joint with 
growth within the epineurium of peripheral 
nerves [123]. Histological examination shows 
nerve fibers dispersed within the mucinous sub-
stance of the cyst.

Intraneural ganglia are well known at periar-
ticular sites. Most frequently the peroneal nerve is 
involved, with drop foot at presentation. US 
shows a spindle-shaped anechoic soft tissue struc-
ture within or abutting the nerve course [77, 78].

These ganglia are common along the course of 
the suprascapular nerve in the shoulder [57, 120, 
126, 127]. They invariably cause infraspinatus 
weakness and in some cases supraspinatus weak-
ness as well.

Other locations are the tibial nerve, ulnar 
nerve, sural nerve, and sciatic nerve [99]. 
US-guided aspiration and injection of cortico-
steroid of intraneural ganglia is recently 
described as an alternative to surgical decom-
pression that is the standard of care [83]. In the 
last 4000 shoulder US studies we conducted, 

Fig. 1.11 Symmetrical amyloid shoulder arthropathy in 
multiple myeloma patient. Transverse US image of the 
anterior aspect of the shoulder. Marked distention of the 
subacromial-subdeltoid bursa (arrows) and the synovial 
tendon sheath of the long head of the biceps, causing ante-
rior displacement of the transverse ligament (arrow-
heads). Mixed predominantly hypoechoic and faintly 
hyperechoic synovial amyloid deposits

J. Gielen et al.
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we recognized this entity in five cases. Two of 
them were cured by repetitive aspiration under 
US guidance.

In a reported tuberculoid leprosy of the exter-
nal popliteal nerve [35], the well-defined 
hypoechoic mass proved surgically to be a case-
ous pouch. Within it, the thickened sheath of the 
enlarged lateral popliteal nerve could be identi-
fied as two parallel linear hyperreflectivities on 
longitudinal view.

Traumatic neuromas occur in postsurgical, 
postamputation, or posttraumatic patients [11, 
16, 64]. Traumatic friction or irritation of a non-
disrupted nerve trunk as well as partial or com-
plete transection of the nerve may induce this 
failed repair mechanism [119]. A traumatic neu-

roma usually presents as an ill-defined, 
hypoechoic mass. These neuromas in traumatic 
complete neurotmesis or amputation are located 
at the proximal end of the cutted nerve and are 
called end-neuroma (Fig. 1.15). Sidebulb neuro-
mas are typically formed in incomplete nerve 
lesion or axonotmesis.

Morton’s neuroma is no real neuroma but rep-
resents focal perineural fibrosis involving a plan-
tar digital nerve [82, 103, 104]. It occurs in 
between the metatarsal heads and is quite com-
mon. Most commonly affected is the digital nerve 
of the third web space, followed in decreasing 
order of frequency by web spaces two, one, and 
four. Neuroma can be solitary or can simultane-
ously involve multiple web spaces. Bilateral 

a b

c

Fig. 1.12 (a–c) Long-standing fibrolipohamartoma of 
median nerve (MN) in a 54-year-old woman. (a) Sagittal 
spin-echo T1-weighted MR image of the wrist. (b) Axial 
SE T1-weighted MR image proximal to the carpal tunnel. 
(c) Transverse US image of carpal tunnel. Enlargement of 
the median nerve in the distal forearm (b), carpal tunnel 

(c), and metacarpus. (a) The enlarged median nerve con-
tains dot-like thickened neuronal fascicles and some fatty 
tissue, especially in its deep aspect (b and c). The thick-
ened bundles of neuronal fascicles are of intermediate sig-
nal intensity in (a and b) and hypoechoic in (c)

1 Ultrasound and Color Doppler Ultrasound of Soft Tissue Tumors and Tumorlike Lesions
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a b

Fig. 1.13 Schwannoma (ancient) of the right median 
nerve at the forearm in a 45-year-old male patient. Painless 
firm mass lesion at the flexor side of the forearm. (a) 
Longitudinal US with CDUS demonstrates an oval mass 
lesion with nonhomogeneous hyporeflective aspect and 
sharp margins along the course of the median nerve. The 

median nerve is clearly demonstrated entering and leaving 
the lesion. Maximal diameter of the lesion is 4 cm. CDUS 
shows multiple intralesional vascularization with nonho-
mogeneous distribution. (b) Coronal SE T1-WI MRI after 
IV gadolinium administration reveals nonhomogeneous 
enhancement of the lesion

a b

Fig. 1.14 (a, b) Schwannoma of median nerve in fore-
arm. (a) Longitudinal linear 5 MHz US image. (b) 
Longitudinal linear 7.5 MHz US image. The median nerve 
(MN) courses in and out of the well-defined hypoechoic 

nerve sheath tumor (a) The internal echotexture of the 
tumor drastically changes when the 7.5 MHz transducer is 
applied (b)
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lesions may also occur. The neuroma is at least 
5 mm in size in the majority of cases (95 %). If 
greater than 20 mm in length, the interdigital 
mass is suspicious for an abnormality other than 
neuroma, such as a ganglion cyst, a synovial cyst, 
or a giant cell tumor (GCT) from an adjacent ten-
don sheath [63].

Middle-aged women are most commonly 
affected, and they typically complain of pain and 
numbness in the forefoot, elicited by ambulation 
and mediolateral compression of the forefoot, 
when narrow-toed shoes are worn. The normal 
plantar nerve is only sonographically detectable 
with high-resolution US. In the presence of a 
neuroma, US can identify on longitudinal views 
the plantar digital nerve coursing into the pseudo-
tumoral mass. The abnormal, possibly edema-
tous, nerve is linear, 2–3 mm thick, and 
hypoechoic; its demonstration in continuity with 
the interdigital mass improves diagnostic confi-
dence. Morton’s neuroma is a predominantly 
well-defined but occasionally poorly defined soft 
tissue structure. Majority are hypoechoic masses, 
and minority demonstrate a mixed echopattern or 
anechogenicity (Fig. 1.16). They present poorly 

or not vascularized on power color Doppler. A 
plantar transducer approach is preferred with 
imaging in both the longitudinal and transverse 
plane. The correct transverse section should visu-
alize the hypoechoic rim of cartilage covering the 
corresponding metatarsal heads.

Extreme flexion of the toes in the direction 
opposite the transducer or the Mulder maneuver 
(mediolateral compression of the forefoot and 
manual digital plantar displacement of the soft 
tissues in the examined web space with the trans-
ducer applied to the sole of the foot) help in ren-
dering the neuroma more superficial and allow it 
to be better appreciated [63, 82].

In case of major callus at the foot sole, longi-
tudinal dorsal interdigital view may demonstrate 
the neuroma. In this approach plantar active pres-
sure between the metatarsal heads to decrease the 
distance between the lesion and the probe is 
needed.

Before surgical resection confirmation of 
diagnosis and/or minimal invasive US-guided 
intervention or treatment with local anesthetics, 
corticosteroid injection, cryoneurolysis, or even 
alcoholization is used [5, 46, 129, 140].

a b

Fig. 1.15 Amputation neuroma at the distal stump of the 
left sciatic nerve in a 35-year-old male patient, amputation 
above the knee related to trauma. (a) Sagittal US image at 
the posterior aspect of the thigh demonstrates a hypore-

flective oval mass at the end of the sciatic nerve (arrows). 
(b) Sagittal TSE T1-WI FS image after intravenous gado-
linium contrast administration, partially enhancing mass 
at the end of the tortuous sciatic nerve (arrows)
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1.4.3  Pericytic (Perivascular) 
Tumors

1.4.3.1  Glomus Tumor
Glomus tumors (GTs) are small but extremely 
painful skin tumors of mesenchymal origin. 
Glomus tumors originate from the neuromyoarte-
rial glomus bodies and have a homogeneous, 
markedly hypoechoic, or even sonolucent 
echotexture (Fig. 1.17). Predilection site is the 
fingertip, although the tumor may occur every-

where. In the distal finger, the subungual space is 
more affected than the pulpar soft tissues [4].

Average lesion size is 6 mm, and lesions as 
small as 2 mm can be detected.

Therefore, US investigation with at least a lin-
ear array 10 MHz transducer is recommended. 
Although exquisitely tender to palpation, most 
lesions are not palpable as such.

Glomus tumor may have a flattened configu-
ration when subungually localized and in that 
case may present as a less conspicuous, thick-
ened hypoechoic subungual space. The normal 
subungual space is only 1–2 mm thick. If local-
ized lateral to the nail bed or in the palmar digi-
tal soft tissues, it assumes an ellipsoid or 
concentric shape [37, 41]. These lesions show 
marked (power) Doppler vascular signal that 
equals vascular signal of the normal nail bed 
(Fig. 1.18). Differential diagnosis of a thick-
ened hypoechoic subungual space should 
include angioma and mucoid cyst. Epidermoid 
inclusion cysts can also present as small, con-
centric, hypoechoic solid soft tissue mass 
underlying the nail matrix but show no marked 
Doppler activity [4, 43].

Glomus tumors located outside the hand 
region are rare, and the diagnosis is often diffi-
cult due to their low incidence. These skin 
lesions have diameters between 0.5 and 2 cm, 
and similar US and CDUS characteristics com-
pared to the subungual lesions are described. 

Fig. 1.16 Morton’s neuroma located at the second (left 
image) and third (right image) web space of the left foot 
in a 60-year-old female patient. US examination with 
plantar approach and transverse imaging plane during lat-
eral compression of the metatarsal heads demonstrating a 
small hyposonant lesions. While compressing the meta-
tarsal heads, the lesion jumps to the plantar aspect of the 
foot, diameter 7 mm (right image) and 6 mm (left image)

a b

Fig. 1.17 (a, b) Glomus tumor of the distal phalanx of 
digit 3. (a) Longitudinal US image. (b) Sagittal gradient- 
echo MR image. US identifies the 5 mm hypoechoic nod-

ule (a, between calipers) along the palmar aspect of the 
tuft (FT). MRI depicts intermediate signal intensity tumor 
(b) causing pressure erosion of the underlying cortex
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Glomus tumor should be kept in mind in the dif-
ferential diagnosis of all very painful subcutane-
ous lesions especially for those with purple 
reflection on the skin surface and major intrale-
sional CDUS signal [81, 128].

1.4.3.2  Angioleiomyoma (Vascular 
Leiomyoma or Angiomyoma)

Angioleiomyoma is a less common benign tumor 
originating from the smooth muscle of arterial or 
venous walls. All lesions are well defined, solid, 
and hypoechoic with a moderate degree of orga-
nized vascularity on CDUS [26, 51].

1.4.4  Vascular Tumors

Vascular tumors consist of a heterogeneous group 
of soft tissue lesions. Because different classifica-
tion systems are used in clinical practice, the termi-
nology of these lesions is often confusing. For 
further in-depth discussion, we refer to Chap. 16 of 
this book. This section will be restricted to features 
which are relevant to the ultrasound operator.

Subcutaneous vascular malformations In the 
series of Hung et al., vascular malformations 
were the second most frequent diagnosis superfi-
cial to the investing fascia (30/247) with a US 
diagnostic sensitivity and specificity of 80 and 
95.4 %, respectively [1]. Subcutaneous hemangi-
omas usually present as hypoechoic soft tissue 

masses. Fornage has, however, reported two 
hyperechoic angiomas [41] (Figs. 1.19 and 1.20).

Hemangioma of skeletal muscle and subcutane-
ous tissue Hemangiomas are relatively common 
congenital vascular hamartomas and represent 
less than 1 % of all vascular malformations. 
Patients are usually children, teenagers, or young 
adults, presenting with either a palpable, painful 
soft tissue mass or ill-defined muscular pain. The 
predilection site of skeletal muscle hemangiomas 
is the lower extremity [90]. The added value of 
US over characteristic clinical presentation in 
subcutaneous hemangiomas is limited.

A US examination readily detects the intra-
muscular soft tissue mass which is well defined 
in the majority of cases but may have an ominous 
ill-defined and irregular margin. There is no spe-
cific echo pattern; the majority of the reported 
muscle vascular malformations appear as homo-
geneous hyperechoic masses. However, both 
homogeneous hypoechoic lesions and mixed 
masses (Fig. 1.12) have been reported.

US should not be the modality of choice to 
identify subtle intralesional phleboliths but can 
readily appreciate them if they are large enough 
[32, 53] (Fig. 1.21). They are specific but, how-
ever, are only present in 25 % of cases.

Pressure erosion of underlying cortical bone 
can be visualized. One reported skeletal muscle 
high-flow vascular malformation (arteriovenous 
hemangioma) exhibited increased color flow and 

Fig. 1.18 Subungual glomus tumor at the left annular fin-
ger in a 50-year-old female patient. US (right longitudinal 
and left transverse views) demonstrates small mass lesion 

with marked CDUS activity. Thickening of the distal sub-
ungual tissue with maximal diameter 1.3 cm, elevation of 
the nail and erosion of the distal phalanx
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low resistance arterial Doppler signal [53]. 
Venous, cavernous, capillary, and mixed heman-
gioma usually do not show any color or duplex 
Doppler signal due to the slow blood flow within 
the lesion.

Preliminary experience with sonographically 
guided percutaneous injection of 1 % polidocanol 
for sclerosis of peripheral vascular lesions show 
that it is simple, effective, and safe. This tech-
nique is especially effective in cases of soft tissue 
venous malformation and lymphangioma [68].

Lymphangioma (cystic hygroma) Lymphangiomas 
(cystic hygromas) are developmental benign 
tumors that are rare and result from a regional 
block in lymphatic drainage. Predilection site is 
the neck, although they can occur everywhere. 
Fifty percent of them are present at birth, and the  

majority are discovered by 2 years of age. Usually 
they are slow- growing, painless soft tissue masses; 
in other instances, rapid growth may occur due to 
intralesional hemorrhage or infection. These 
tumors are usually isolated findings but can also be 
part of a syndrome.

Cystic hygroma is one of the three histological 
subtypes of lymphangioma, capillary or simple 
lymphangioma and cavernous lymphangioma 
being the other two. The three subtypes will often 
coexist within the same lesion. Cystic hygroma 
has a variable appearance on US [76, 115]. It may 
present as a multiloculated, predominantly 
anechoic mass with through transmission and 
internal linear septations, which can vary in 
thickness (Fig. 1.22). Cystic hygroma may also 
contain solid components arising from the cyst 
wall or septa, which pathologically correspond to 

Fig. 1.20 Low flow vascular malformation located at the left superior eyelid in a 50-year-old male patient. CDUS 
demonstrating serpiginous vascular structures with Doppler activity with venous flow

Fig. 1.19 A 47-year-old female patient with vascular 
malformation presenting as a long-standing painless mass 
at the left distal forearm, volar-ulnar aspect. Discoloration 
of the skin was present. (a) CDUS demonstrating multiple 
tubular structures with serpiginous distribution at the sub-
cutaneous tissue and with extension into the muscular 

compartment, indistinct borders with infiltrative aspect. 
Venous Doppler activity in the lesion. (b) Radiograph, PA 
view of the left wrist, demonstrating multiple phleboliths. 
(c) Coronal T1-WI with FS after intravenous administra-
tion of gadolinium. Marked enhancement within a multi-
tubular vascular malformation
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abnormal lymphatic channels that are too small 
to be resolved. Less commonly, a complex, 
hypoechoic mass with a few internal small cystic 
areas is visualized [76]. Occasionally, an organiz-
ing or calcified thrombus will be present in the 
mass. Larger lesions tend to be poorly defined. 
The cysts form along tissue planes and render 
complete resection difficult.

1.4.5  Lipoma

In the series of Hung et al., lipomas were the 
most frequent diagnosis superficial to the invest-
ing fascia (105/247) with a US diagnostic sensi-
tivity and specificity of 73 and 97.7 %, 

respectively [1]. Lipomas have an elongated 
shape and are usually oriented parallel to the skin 
surface [10, 44, 47, 55]. The echo pattern varies 
according to the number of internal interfaces 
between fat and connective elements [44]. In a 
series of 35 superficial lipomas studied by US, 
29 % were homogeneously hypoechoic, 29 % 
were homogeneously hyperechoic (Fig. 1.23), 
22 % were isoechoic (Fig. 1.24), and 20 % 
showed a mixed pattern (Fig. 1.25). The mixed 
pattern consisted either of intratumoral linear 
hyperechoic strands parallel to the skin surface or 
focal areas of hyperechogenicity.

Sixty-six percent of superficial lipomas were 
well marginated, the remainder poorly defined [44, 
47]. Occasionally a distinct echogenic capsule can 

a b

c

Fig. 1.21 (a–c) Skeletal muscle hemangioma of vastus 
medialis muscle in young woman, who complained of 
swelling and vague pain. (a) Axial fast spin-echo 
T2-weighted MR image. (b, c) Transverse US images. 
Well-defined, inhomogeneous, high signal intensity soft 
tissue structure in the medial vastus. (a) A small amount 

of intratumoral fatty tissue was visualized on coronal 
spin-echo T1-weighted image (not shown). Intramuscular, 
inhomogeneous, mixed hypo- and hyperechoic, partially 
ill-defined soft tissue mass (arrows). (b) The presence of 
a single phlebolith (arrow) within the mass confirms the 
diagnosis (c)
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be identified. Transverse diameter and shape of 
subcutaneous lipomas is variable with external 
compression; they are invariably avascular on 
power Doppler. Intramuscular lipoma has a high 
postsurgical recurrence rate, which results from 
incomplete resection due to lipomatous infiltration 
between muscle fibers which is not fully appreci-

ated by US. An elongated iso- or hyperechoic mass 
should suggest a lipoma, whereas a hypoechoic 
mass is associated with a broader differential diag-
nosis, including malignant tumor. Malignant 
masses, however, rarely have an elongated or flat-
tened shape [44]. Superficially located lesions that 
are easily compressible, avascular, and with iso- or 

a b

Fig. 1.22 (a, b) Lymphangioma of right gluteus maxi-
mus. The patient complained of swelling of right buttock/
thigh when seated. (a) Coronal gradient-echo MR image. 

(b) Longitudinal US image. Intramuscular, tubular, hyper-
intense soft tissue structure. (a) Septated, cystic, anechoic 
soft tissue mass (b)

Fig. 1.23 Small, 7 mm, 
homogeneous reflective 
lipoma at the subcutaneous 
tissue of the left elbow in a 
51-year-old male. 
Avascular oval lesion with 
changing shape during 
external compression and 
avascular on CDUS
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Fig. 1.24 Oval homogeneous isoreflective lipoma, maximal diameter 4.9 cm, at the dorsal aspect of the right shoulder 
in a 69-year-old female patient. Centrally avascular structure is detected along a septal reflective structure

a b

c

d

Fig 1.25 (a–d) Two cases of intramuscular lipoma of the 
thigh in a 57-year-old man (a, b) and in a 66-year-old man 
(c, d). (a) US of the thigh. (b) Sagittal spin-echo 
T1-weighted MR image. (c) US of the thigh. (d) Coronal 
spin-echo T1-weighted MR image. Two examples of 
intramuscular lipoma showing a characteristic elongated 

shape and orientation parallel to the skin but with nonspe-
cific reflectivity. One lesion is hyperreflective (a), while 
the other is hypo- to isoreflective (c) compared with mus-
cle. On MRI both lesions show the same signal intensity 
compared with fat on all pulse sequences (b, d)
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 hyperreflective US texture compared to normal 
subcutaneous tissue are confidently characterized 
as lipomas on US examination. Diagnosis on basis 
of hard copies alone is erroneous and may lead to 
underscoring of US as a diagnostic tool. This is 
demonstrated in a retrospective study by Inampudi 
et al. with sensitivities of only 40 to 52 % and accu-
racies from 49 to 64 % to differentiate lipomas from 
non-lipomas [66]. Major differential at the subcu-
taneous compartment is synovial sarcoma that, if 
bleeding components are present, may be com-
pressed but is nonhomogeneous and hypervascular 
on power Doppler.

Also in lipomatous tumors, location is an 
important diagnostic criterium. Deep-seated 
lesions always need further diagnostic work-up 
by MRI.

1.4.6  Ganglion Cyst

A ganglion is a well-defined, anechoic soft  tissue 
structure with posterior acoustic enhancement 
which arises from a joint or is closely related to a 
tendon [13, 14, 53, 95]. It may be loculated and 
contain internal septations. Anechogenicity, pos-
terior acoustic enhancement, and sharp delinea-

tion cannot always be demonstrated in a small 
cyst [30]. Uncomplicated ganglion cysts show no 
vascularity on CDUS (Fig. 1.26). The ganglion 
cyst wall is composed of compressed collagen 
fibers with flattened cells without evidence of an 
epithelial or synovial lining. The wall is usually 
thin and regular. In recurrent or long-standing 
lesions, a thicker wall and intraluminal echoes, 
thought to be caused by some degree of organiza-
tion of the cystic fluid or particulate cholesterol 
crystals, can be visualized [120, 132].

In a minority of wrist ganglion cysts  (27–30 %), 
the communicating stalk with the joint of origin 
may go undetected [18, 30]. No communicating 
duct has been documented so far in digital gan-
glion cysts [13, 107]. US is equally sensitive as 
MRI in the detection of occult dorsal wrist gan-
glion cysts, but it offers a slight advantage in dif-
ferentiating between a small, compressible joint 
effusion and a small ganglion cyst which does not 
collapse under compression [18]. A frequent loca-
tion is the dorsal and volar aspect of the wrist [64, 
87], the finger, and the peroneal compartment [14, 
18]. Dorsal wrist ganglion cysts predominantly 
arise from the scapholunate joint, with average 
size ranging between 3 mm and 3,5 cm. Volar 
ganglia usually extend superficially between the 

a b

Fig. 1.26 Ganglion cyst connected to the first metatarso-
phalangeal joint of the left foot in a 60-year-old female 
patient. (a) US (longitudinal and transverse view) at the 
medial aspect of the first metatarsal demonstrates homo-
geneous and (left image) elongated mass with the absence 

of vascular structures on CDUS and with a stalk to the 
MTP 1 joint (not demonstrated on this image). (b) CR 
demonstrating focal nonspecific thickening of the soft tis-
sue medially over the first metatarsal head (arrow)
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radial artery and flexor carpi radialis tendon and 
may arise from the radioscaphoid, scapholunate, 
scaphotrapezoid, or second carpometacarpal 
joint, in that order of decreasing frequency [7].

Aspiration followed by a short immobilization 
period is one method of conservative treatment 
[14, 30, 107].

1.4.7  Superficial Soft Tissue Tumors 
and Tumorlike Lesions

1.4.7.1  Epidermoid Cyst
Epidermoid (inclusion) cysts (formerly sebaceous 
cysts) are common cutaneous lesions at the scalp, 
face, trunk, neck, and back. They are formed by 
proliferation of squamous epithelium in a confined 

space at the dermis. They are  similar to cholestea-
tomas. The etiology is traumatic/surgical implan-
tation, occlusion of pilosebaceous unit, congenital 
rests of cells, and HPV infections with palmoplan-
tar location of epidermoid cysts [61, 135]. In the 
series of Hung et al., epidermoid cysts were the 
second most frequent diagnosis superficial to the 
investing fascia (30/247) with a US diagnostic sen-
sitivity and specificity of 68.8 and 95.2 %, respec-
tively [117]. Ultrasonographically, epidermoid 
cysts are superficially located next to the skin, 
hypoechoic, and relatively well circumscribed soft 
tissue masses similar to ganglion cyst. Larger 
lesions may contain small intralesional hyperre-
flectivities, presumably representing keratin clus-
ters [64] (Fig. 1.27). Doppler is not demonstrating 
vascular signal. In case of rupture, a local inflam-

a b

c

Fig. 1.27 Epidermal inclusion cyst at the posterior lateral 
aspect of the right knee of a 44-year-old female patient 
complaining of a firm mass since 4 years. Pathology dem-
onstrated disrupted epidermoid cyst with local perilesional 
inflammation. (a) Avascular nonhomogeneous hypoecho-
genic oval mass lesion at the subcutaneous tissue. Sharp 
margins and without vascular signal on CDUS. Maximal 
diameter 3 cm. (b) Ultrasound examination performed 2 
years later after minor pain development at the mass lesion 
demonstrates the oval mass lesion with minor CDUS sig-

nal at the margin and concentric area of increased reflectiv-
ity. Focal disruption of the margin of the lesion (arrow). 
The lesion was subsequently resected. (c) MRI T1-WI 
with FS. This MRI examination is performed 2 months 
after the first US examination and reveals nonhomoge-
neous intermediate SI oval mass lesion on T2-WI (not 
shown) with nonhomogeneous low SI on T1-WI and inter-
mediate SI on T1-WI with FS related to the high protein 
content of the lesion. No enhancement after IV gadolinium 
administration was detected (not shown)
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matory response to the necrotic debris may give 
rise to Doppler signal at the wall and surroundings 
of the lesions mimicking abscess or cellulitis.

1.4.7.2  Pilomatricoma
Pilomatricoma (formerly pilomatrixoma or calci-
fying epithelioma of Malherbe) arises from the 
bulb of normal hair follicles and is a relatively 
common (1500–2000) usually solitary slow- 
growing firm mass at the superficial subcutane-
ous tissue. The overlying skin has a bluish to red 
discoloration. The lesion is more frequent in 
female patients (3/2) with a bimodal peak during 
the first and sixth decades of life. It is character-
istically located at the neck and head and less fre-
quent at the upper extremities, trunk, and lower 
extremities. It might be associated with sarcoid-
osis, Steinert disease, Gardner, Rubinstein, 
Turner, myotonic muscular dystrophy syndrome, 
and skull dysostosis. Excision is usually recom-
mended, as a foreign body reaction due to calcifi-
cation of the lesion may occur and cause a 
vigorous inflammatory response with risk of 
scarring. The characteristics of US features are a 
well-defined solid ovoid mass at the junction of 
the dermis and subcutaneous fat with focal thin-
ning of the dermis. The lesions appear as a target 
with centrally small calcifications and hyperre-
flective areas with moderate intrinsic vascularity 
surrounded with a peripheral hypoechoic connec-
tive tissue rim [24, 47, 62, 65] (Figs. 1.28 and 

1.29). The diameter ranges from 0.5 up to 5 cm. 
Heterogeneous echotexture combined with calci-
fication pattern with scattered dots and 
hypoechoic rim was specific with P value of 
<0.001 [32].

1.4.7.3  Basal Cell Carcinoma
Most lesions are nodular or morpheaform with a 
hypoechogenic, solid tumor with irregular bor-
ders, multiple hyperechogenic dots inside the 
tumor, and vessels inside and at the periphery of 
the tumor [136, 137].

1.4.7.4  Fibroblastic/Myofibroblastic 
Tumors

Benign Lesions

Dermatofibroma (Fibrous Histiocytoma)
Dermatofibroma (fibrous histiocytoma) is a com-
mon dermal skin lesion characterized by an 
increased number of fibrocytes, presence of 
inflammatory cells (macrophages and lympho-
cytes), and hyperplasia of adjacent structures 
[17]. Dermatofibromas are readily recognized by 
dermatologists in most cases. However, dermato-
fibroma has many clinical variants, including 
aneurysmal, palisading, sclerotic, keloidal, and 
atrophic, making clinical diagnosis difficult. It is 
suggested that in clinically doubtful cases, US 
examination can provide clinicians with valuable 

a b

Fig. 1.28 Pilomatricoma in a 74-year-old female patient. 
Painless firm mass at the right lower leg. (a) US examina-
tion reveals nonhomogeneous oval mass lesion superfi-
cially at the subcutaneous tissue abutting the dermis, 

acoustic retro-enhancement, hyperreflective internal 
structure (hair). (b) CDUS examination reveals minor 
intralesional vascular signal
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diagnostic information [138]. Dermatofibromas 
appear on US as an ill-defined or oval-shaped 
hypoechogenic tumor in the dermis and/or upper 
hypodermis, usually with distortion of the local 
hair follicles [136].

Nodular Fasciitis
Superficial-type nodular fasciitis is a rapidly 
growing mass, often located in the deep subcuta-
neous fat, has an oval-lobulated shape, and is 
rather poorly defined. They are most often near to 
or with a broad base connected with the muscle 
fascia. The US appearance is hypoechoic with 
echogenic foci or peripheral hyperechoic nodules 
and quite often does not show internal vascular 

flow (Figs. 1.30 and 1.31). If a superficial soft tis-
sue mass has the above features, superficial-type 
nodular fasciitis should be included in the differ-
ential diagnosis [74, 79].

Elastofibroma
Elastofibroma is prevalent in females, its onset 
occurs around 60 years of age, and is most fre-
quently localized in the deep subscapular region 
(93 %), bilateral in 54 % of cases. In 7 % it was 
found in an atypical isolated suprascapular 
region, in 7 % it was synchronous to that in the 
subscapular region. Four ultrasound patterns 
were described by Battaglia et al.: Type I (54 %) 
inhomogeneous fasciculated or lamellated 

Fig. 1.29 Pilomatricoma in a 53-year-old male patient at 
the occipital neck area. Small superficial nodular mass 
thinning the dermal layer, maximal diameter 7.5 mm in 

size, nonhomogeneous hyporeflective rim with intrale-
sional reflective dots, global retroacoustic enhancement. 
Minor intralesional vascular signal on CDUS

Fig. 1.30 Nodular fasciitis 
at the right lower arm in a 
33-year-old female patient. 
Focal fusiform thickening 
of the superficial fascia at 
the extensor area with 
maximal diameter 12 mm 
and thickness of 2 mm, no 
intralesional vascular 
structures are detected with 
CDUS
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(Fig. 1.32), Type II (22 %) inhomogeneous 
 nonspecific, Type III (15 %) hyperechogenic, 
and Type IV (9 %) hypoechogenic [7]. 
Demonstration of Type I lesion, or bilateral dem-
onstration of Type II and/or Type III with spe-
cific location, results in a specific diagnosis of 
elastofibroma.

Intermediate and Malignant Lesions

Dermatofibrosarcoma Protuberans
Dermatofibrosarcoma abuts with a wide base 
against the skin. Rarely the lesion is located 

intermuscularly [80]. The shape is round or 
ovoid, dimensions range from 2 to 11 cm. 
Margin of the lesions are focally lobulated but 
well defined and may appear as irregular with 
pseudopodia- like protrusion(s). Hypo- and 
hyperreflective lesions or areas in lesions are 
described with frequently posterior enhance-
ment. Color Doppler US shows consistently 
moderate blood flow patterns with either pro-
fuse blood flow or with only flow at the periph-
eral portions of the tumor. Pathologically, 
samples corresponding to hypoechoic DP were 
composed primarily of tumor cells, and samples 

Fig. 1.31 Nodular fasciitis 
in a 54-year-old female 
patient. Firm painless 
thickening at the left lower 
leg. CDUS demonstrates 
small (11 mm diameter), 
avascular hypoechogenic 
fusiform thickening of the 
superficial muscle fascia of 
the anterior lateral muscle 
compartment of the left 
lower leg

Fig. 1.32 Elastofibroma in a 61-year-old male patient. 
Typical location at the medial margin of the right scapula 
with oval mass lesion adjacent to the thoracic wall. Minor 
intralesional vascular structures. Layered so-called “lasa-

gna” aspect consisting of alternating hypoechogenic and 
reflective layers. Compression with the probe produces no 
change in shape of the lesion
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corresponding to mixed echogenic DP were 
composed of tumor cells and fibrous tissues. If a 
US examination reveals a round or oval mass in 
the subcutaneous tissue that is abutting against 
the skin with a broad skin base and has a focal 
lobulated margin with hypoechogenicity or an 
irregular margin with mixed echogenicity, a 
diagnosis of DP should be considered [80, 116] 
(Fig. 1.33).

1.4.7.5  Rare Sweat Gland and Duct 
Tumors with Nonspecific US 
Appearance

These rare small lesions are typically located at 
the dermis or superficial layers of the subcutane-
ous fat layer.

Chondroid Syringoma
These are harmless mixed sweat duct tumors 
located at the dermis or subcutaneous fat in ado-
lescents and adults with African or Asian origin. 
The lesion is slow growing and typical diameter 
is 1–3 mm, rarely masses up to 3.5 cm are 
described in literature. Most of the lesions are 
found in clusters on the eyelids but they may 
also arise in the armpits, umbilicus, chest, and 
vulva, rarely in other locations. Ultrasound is 
nonspecific and may show several bright foci 
suggestive of microcalcifications without solid 
or cystic mass [2]; solid hyperechoic and vascu-
lar mass with scarlike central structure or solid 
hypoechoic well-defined subcutaneous was 
found [111, 133].

a b

c d

Fig. 1.33 Dermatofibrosarcoma at the back left shoulder 
of a 44-year-old male patient. (a) US demonstration of 
nonhomogeneous oval mass lesion, 2.6 cm diameter, with 
irregular margins superficially located at the subcutaneous 
tissue, broad contact with the epidermis-dermis, fingerlike 
extension to the skin (arrow). Intralesional vascular struc-
tures on CDUS. (b) MRI axial T2-WI, target aspect of the 
lesion with peripheral higher and centrally lower SI com-
pared to subcutaneous fat. Lateral-superficial fingerlike 

extension component with isointense SI compared to sub-
cutaneous fat (arrow). (c) MRI axial T1-WI demonstrates 
overall low SI of the deep part of the lesion, slight hyper-
intense aspect of the lateral superficial component of the 
lesion (arrow). (d) MRI axial T1-WI with FS after gado-
linium contrast administration, nonhomogeneous 
enhancement at the periphery of the deep part of the 
lesion, homogeneous enhancement of the lateral superfi-
cial component of the lesion (arrow)
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Eccrine Spiradenoma
Eccrine spiradenoma is a rare benign usually 
small (<1 cm) dermal typically solitary tumor of 
the sweat gland located at the dermis or superfi-
cial subcutaneous tissue. Ultrasound demon-
strates a mass with sharp margins with or without 
lobulations and with or without cystic compo-
nents but with clear increased intralesional vas-
cularity and vessels connecting the lesion to the 
deep dermis [69].

Eccrine Acrospiroma
Eccrine acrospiromas (or hidradenoma) are rare 
lesions that mainly involve the trunk, lower 
limbs, and head. Although benign, these tumors 
can recur locally after inadequate resection, and 
malignant transformation is recognized. Eccrine 
acrospiroma presents as a cystic mass on US with 
mural nodules and increased intralesional vascu-
larity. The mural nodules might show calcifica-
tions [87, 92].

1.4.7.6  Rheumatoid Nodule
Approximately 20–25 % of patients with rheuma-
toid arthritis have rheumatoid nodules. Their etiol-
ogy is unknown and although nodules, they usually 
constitute a therapeutic challenge. These nodules 
most commonly involve the soft tissues of the 
upper extremity, particularly adjacent to the olecra-

non [34, 93, 122]. The nodules were more homoge-
neous hypoechogenic with vascular signal on 
CDUS (Fig. 1.34). Some showed a central sharply 
demarcated hypoechoic area, possibly correspond-
ing to necrosis inside the rheumatoid nodules.

1.4.7.7  Fat Necrosis
Traumatic fat necrosis is well known in the 
female breast. It is also described at other areas 
and in male patients. It has to be taken into 
account in the differential diagnosis of subcuta-
neous mass lesions. On US, the appearance of fat 
necrosis varies from a solid hypoechoic mass 
with posterior acoustic shadowing to complex 
intracystic masses that evolve over time. These 
features depict the histological evolution of fat 
necrosis and reflect the degree of fibrosis. Cystic 
anechoic lesions with acoustic enhancement or 
shadowing may appear complex with mural nod-
ules or internal echogenic bands (Fig. 1.35). The 
masses may have circumscribed or ill-defined 
margins [73, 125]. The mass may also present as 
an isoechoic mass [27]. A mass with echogenic 
internal bands that shift in orientation with 
changes in patient position has been described as 
a specific ultrasound indicator of fat necrosis. It is 
thought that these bands represent the interface 
between the lipid and the serous-hemorrhagic 
components of fat necrosis [121].

a b

Fig. 1.34 A 50-year-old female patient with active rheu-
matoid arthritis at the fingers and hands and RA nodule at 
the left elbow, olecranon. Demonstration of a hypoecho-
genic oval mass lesion with marked angiogenesis on 

CDUS, located adjacent to the superficial fascia of the 
extensor compartment, at the location of an adventitious 
olecranon bursa, dimensions 10 × 0.7 cm. (a) Longitudinal 
US view. (b) Axial US view
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1.4.8  Soft Tissue Mineralization 
Disorders

Physiological biomineralization is a complex mul-
tifactorial metabolic process, which in normal con-
ditions is restricted to the extracellular matrix of 
specific body structures, namely, the bones, teeth, 
hypertrophic growth plate cartilage, and calcified 
articular cartilage [33, 75]. The intracellular and 
extracellular mechanisms, underlying physiologi-
cal biomineralization, rely on a balanced interplay 
between mineralization inhibitors and propagators. 
In physiological circumstances, calcium and inor-
ganic phosphate (Pi) concentrations exceed their 
solubility in most human tissues; this does not 
result in  mineralization of soft tissues, suggesting 
that these tissues possess regulatory mechanisms 
preventing mineral deposition. Mineralizing tis-
sues have regulatory systems that can modulate 
these mechanisms to enable calcification [75]. 

When these regulatory systems are inadequate, 
ectopic mineralization, i.e., inappropriate biomin-
eralization in soft tissues, occurs and causes a spec-
trum of ectopic calcification disorders. Ectopic 
mineralization disorders are conventionally classi-
fied based on the mechanism through which the 
mineralization takes place, i.e., metastatic or dys-
trophic calcification or ectopic ossification:

 1. Metastatic calcification, due to hyperphospha-
temia and/or hypercalcemia

 2. Dystrophic calcification, which occurs in dis-
eased (metabolically impaired or dead) tissue 
under normal calcium and phosphate 
homeostasis

 3. Ectopic or heterotopic ossification, leading to 
true bone formation [33, 48]

Ectopic calcifications (metastatic of dystrophic) 
are typically composed of calcium phosphate salts, 

a b

c d e

Fig. 1.35 An 80-year-old female patient, presenting with 
a painless mass at the lateral aspect of the right upper arm, 
with an area of fat necrosis (“steatonecrosis”) at the sub-
cutaneous tissue. US and MRI show characteristics of 
fatty tissue. (a) Oval area superficial at the subcutaneous 
tissue with distortion of the subcutaneous fat surrounded 
with hyporeflective margin, diameter 2 cm, avascular on 
CDUS. (b) Axial TSE T2-WI. Nonhomogeneous lesion 

with thin hypointense margin, and nonhomogeneous cen-
tral area intermediate to low SI. (c) Axial TSE 
T1-WI. Similar imaging appearance compared to the 
T2-WI. (d) Axial TSE T1-WI FS. Partial suppression of 
the central area in keeping the fatty content. (e) Axial TSE 
T1-WI FS after intravenous gadolinium contrast adminis-
tration. Peripheral enhancement of the lesion
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including hydroxyapatite, but can also consist of 
calcium oxalates and octacalcium phosphate as 
seen in kidney stones.

1.4.8.1  Dystrophic Calcification
In the absence of a systemic mineral imbalance, 
ectopic calcification is typically termed dystro-
phic calcification. Often, these sites show evi-
dence of tissue alteration and/or necrosis. 
Dystrophic mineralization is commonly observed 
in soft tissues as a result of injury, disease, and 
aging. Although most soft tissues can undergo 
calcification, the skin, kidney, tendons, and car-
diovascular tissues appear particularly prone to 
developing this pathology [3] (Fig. 1.36). Major 
location is tendon calcifications at the rotator cuff 
or gluteus medius and minimus tendons.

1.4.8.2  Tumoral Calcinosis
Tumoral calcinosis is an extremely rare benign 
condition that is characterized by deposits of cal-
cium hydroxyapatite crystals in periarticular soft 
tissues. Ectopic mineralization – inappropriate 
biomineralization in soft tissues – is a frequent 
finding in physiological aging processes and sev-
eral common disorders, which can be associated 
with significant morbidity and mortality. Further, 
pathologic mineralization is seen in several rare 
genetic disorders, which often present life- 
threatening phenotypes. These disorders are clas-

sified based on the mechanisms through which the 
mineralization occurs: metastatic or dystrophic 
calcification or ectopic ossification. Underlying 
mechanisms have been extensively studied, which 
resulted in several hypotheses regarding the etiol-
ogy of mineralization in the extracellular matrix 
of soft tissue. These hypotheses include intracel-
lular and extracellular mechanisms, such as the 
formation of matrix vesicles, aberrant osteogenic 
and chondrogenic signaling, apoptosis, and oxi-
dative stress. Though coherence between the dif-
ferent findings is not always clear, current insights 
have led to improvement of the diagnosis and 
management of ectopic mineralization patients, 
thus translating pathogenetic knowledge (vari-
ome) to the phenotype (phenome). Tumoral calci-
nosis is mainly located around large joints such as 
the hips, shoulders, and elbows; it may also 
involve the small joints of the hand and wrist. 
There are multiple types of tumoral calcinosis 
with divergent clinical characteristics, but the 
exact cause is still unknown. Wide resection 
appears to lead to a good clinical outcome and a 
low incidence of local relapse [31].

1.4.9  Synovial Sarcoma

Synovial sarcoma is a misnomer. This lesion has 
no relation with the joint or synovium. It is a rare 

Fig. 1.36 Chronic gout in a 60-year-old male with cal-
cium deposition in multiple articular and soft tissue tophi. 
(a) US (longitudinal view) at the prepatellar area with 
hyperreflective lobulated mass with massive acoustic 

shadowing (arrow). (b) Conventional radiograph (lateral 
view) with cluster of calcifications in the prepatellar soft 
tissue (arrow)
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malignant mesenchymal tumor of unknown 
 differentiation. Bleeding components are often 
present. The US appearance of this tumor is non-
specific and may be easily confused with benign 
cystic lesions such as acute bursitis or organizing 
hematoma [88]. The other imaging features of 
this lesion will be discussed in Chap. 18.

 Conclusion

US is an important imaging technique in the 
initial assessment of a soft tissue swelling. In 
the majority of cases, it will establish that the 
swelling is benign (e.g., in ganglions, menis-
cal cysts, or tenosynovitis) or is a neurinoma, 
lipoma, or elastofibroma and obviate unneces-
sary further imaging work-up.

In soft tissue tumors in the wrist, hand, 
fingers, skin, and subcutaneous fat and in 
peripheral nerve tumors, US imaging is 
superior to MRI because of its small field of 
view and excellent anatomical depiction. 
The drawback of US is its nonspecificity in 
the setting of a hypoechoic solid soft tissue 
mass.

In institutions without a biopsy-dedi-
cated CT or MR imaging suite, US is the 
most accessible and least time-consuming 
modality for imaging- guided aspiration and 
biopsy.
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2.1  Introduction

The imaging evaluation of a patient with a sus-
pected soft tissue tumor requires a methodical 
approach that recognizes the benefits and limita-
tions of the numerous imaging techniques that 
are available today [4, 14, 25]. Consideration 
must be given to the financial costs and inva-
siveness of each technique balanced against the 
diagnostic reward. The temptation to routinely 
employ every technique in all patients should 
be resisted. Similarly, no examination should be 
reported in isolation without knowledge of rel-
evant clinical details and results of prior investi-
gations. Where possible, the prior investigations 
should be available for review, as the apprecia-
tion of the significance of a new observation may 
well depend upon a retrospective review of the 
previous studies [24].

In this chapter we discuss the role of plain 
radiography, angiography, and computed tomog-
raphy (CT) in the management of a patient with a 
soft tissue mass, from detection and diagnosis 
through to the ultimate aim of medical manage-
ment, a cure. It is beyond the scope of this book 
to discuss in detail the technology behind each 
technique. The reader is referred to subsequent 
chapters for an in-depth discussion of each type 
of soft tissue tumor.
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2.2  Plain Radiography

Despite the undoubted technological advances 
in imaging over the past three decades, the eval-
uation of a suspected soft tissue mass is compli-
mented with the plain radiograph [2]. It is cheap, 
universally available, and easy to obtain. The 
importance of this single piece of advice cannot 
be overemphasized. It is stated in virtually every 
textbook on the subject, but is all too frequently 
overlooked in current day-to-day practice. 
Indeed it denigrates its value to call it “plain” 
radiography. In most cases, two views at right 
angles are mandatory to delineate soft tissue 
planes and the integrity of adjacent cortical 
bone.

The lack of contrast resolution is a well- 
recognized limitation of plain radiography, but 
the value of the examination should not be under-
estimated. It may not identify the precise diag-
nosis in any but a minority of cases, but can still 
provide valuable information, e.g., the presence 
of calcification and bone involvement. Too often 
the humble radiograph is denigrated as noncon-
tributory because it has failed to identify features 
that might be termed “positive.” The absence of 
said features, however, can be just as significant. 
The absence, for example, of any bony abnor-
mality immediately indicates that the primary 
pathology is of soft tissue origin, with a large dif-
ferential diagnosis. Myositis ossificans, as a more 
specific example, can be effectively excluded 
from the differential diagnosis of a mass if there 
is no radiographic evidence of calcification, in 
all but the earliest of cases. The radiographic 
features that should be assessed in each case are 
discussed below [39].

2.2.1  Location

The identification of the location of a tumor is 
primarily clinical and will dictate which area is 
initially imaged. While almost all true soft tis-
sue tumors can occur anywhere in the musculo-
skeletal system, some have a predilection for 
certain areas, which will be highlighted in later 
chapters. Many nonneoplastic processes pre-

senting with a soft tissue mass arise at charac-
teristic locations, for example, gouty tophi in 
the hands and feet and synovial cysts in the pop-
liteal fossa [27]. Multiple soft tissue masses 
should suggest neurofibromatosis, lipoma, and 
occasionally metastatic deposits and Kaposi 
sarcoma [30, 39]. The vast majority of soft tis-
sue sarcomas, if given the opportunity to metas-
tasize, will do so first to the lungs. It is for this 
reason that a chest radiograph is a mandatory 
early investigation in all cases of suspected soft 
tissue malignancy.

2.2.2  Size

Although the size of a soft tissue mass can 
have a bearing on subsequent management, the 
actual size is of limited diagnostic value [30]. 
Malignant lesions tend to be larger than benign 
ones [33], but this is rarely helpful in individual 
cases. Soft tissue masses, irrespective of their tis-
sue of origin, arising in small anatomical areas 
such as the hands and feet, typically are found 
relatively early. They therefore tend to be smaller 
than those arising in large anatomical areas such 
as the buttocks. It can be anticipated that tumors 
will be larger at presentation in those countries 
where access to medical facilities remains poorly 
developed.

2.2.3  Rate of Growth

Alterations in the size of a soft tissue tumor can 
be crudely estimated clinically and by compar-
ing serial radiographs. Procrastination in advo-
cating follow-up with serial radiographs should 
only be employed when the clinical and imaging 
features indicate a benign lesion with a consid-
erable degree of certainty. Failure to promptly 
diagnose and treat a soft tissue sarcoma can only 
prejudice the outcome for the patient. Absent or 
slow growth is typical of a benign neoplasm, 
whereas malignant tumors frequently show a 
rapid rate of growth. It should be noted, how-
ever, that hemorrhage and infection will also 
produce rapidly enlarging soft tissue masses.
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2.2.4  Shape and Margins

As with the size of a soft tissue tumor, the shape 
reveals little diagnostic information [39]. 
Malignant lesions are more commonly irregu-
larly shaped, distorting and obscuring tissue 
planes. Benign lesions will tend to displace but 
not obliterate normal tissue planes. Once again, 
infective lesions can mimic malignancy, as they 
are also frequently poorly defined due to fluid 
infiltration of the adjacent soft tissues. The defi-
nition of the margins of a lesion depends on a 
number of factors. These include the anatomical 
location relative to normal fat planes and bones 
and the radiodensity of the constituents of the 
tumor relative to normal muscle.

2.2.5  Radiodensity

The muscle compartments of the extremities can 
be visualized radiographically as separated by 
low-density fat planes. The majority of soft tissue 
tumors are of a density similar to that of muscle 
and are, therefore, only revealed by virtue of 
mass effect. This includes displacement or dis-
ruption of the adjacent fat planes (Fig. 2.1), dis-
tortion of the skin contour, and involvement of 
bone.

In a minority of cases, part or all of the tumor 
may exhibit a radiodensity sufficiently different 
to that of water for the tumor to be visualized 
directly. Only fat and gas will give a radiodensity 
less than that of muscle. Lipomas, the common-
est of all the soft tissue tumors, produce a low 
radiodensity between that of muscle and air. For 
this reason lipomas are well demarcated from the 
surrounding soft tissues and can be diagnosed 
with moderate confidence [21] (Fig. 2.2). It 
should be noted that low-grade liposarcomas 
may contain variable amounts of lipomatous tis-
sue, which also appears relatively radiolucent on 
radiography (Fig. 2.3). Air in the soft tissues is 
said to be specific to infection [30]. While infec-
tion is certainly the commonest cause, it may also 
be seen in necrotic fungating tumors, albeit with 
secondary infection (Fig. 2.4), as well as being a 
normal feature following open biopsy or other 

surgical procedures. Air in the soft tissues of the 
thoracic wall and neck always suggests the pos-
sibility of surgical emphysema.

Increased radiodensity may be seen in the tis-
sues due to hemosiderin, calcification, or ossifi-
cation. Hemosiderin deposition typically occurs 
in synovial tissues exposed to repeated hemor-
rhage, such as (tenosynovial) giant cell tumor, 
pigmented villonodular synovitis (see Chap. 15), 
and hemophilic arthropathy. Radiographs can 
distinguish between calcification and ossification 
and the differing patterns [54]. Mineralization in 
the soft tissues is a feature of a large spectrum of 
disorders including congenital, metabolic, endo-
crine, traumatic, and parasitic infections [38]. 
Primary soft tissue tumors are one of the less 

Fig. 2.1 Myxofibrosarcoma arising in the adductors of 
the upper thigh in a 75-year-old man. Plain radiograph. 
The tumor is only visible by virtue of its mass effect on 
tissue planes
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common causes of calcification that the general 
radiologist can expect to see in his or her routine 
practice. Close attention to the clinical details 
and location will exclude many of the nonneo-
plastic causes. For example, soft tissue calcifica-
tions in the hands and feet are rarely associated 
with neoplasia, and many of the multifocal 
lesions will be either due to a collagen vascular 
disorder or the residuum of a parasitic infection. 
Again, the clinical details and country of origin 
of the patient should be pointers to the correct 
diagnosis. Occasionally certain normal variants, 
including companion shadows and the fascia lata, 
may simulate soft tissue calcification or perios-
teal new bone formation and should not be mis-
taken for a neoplastic process [23].

Analysis of the pattern of calcification within 
a soft tissue tumor can indicate the tissue type. 
Circular foci with a lucent center representing a 
phlebolith, when identified outside the pelvis, is 
diagnostic of a hemangioma (Fig. 2.5). 
Phleboliths are not usually apparent until adoles-
cence, so that conditions such as Maffucci syn-
drome (Fig. 2.6) in the child may not be 
radiographically distinguishable from multiple 
enchondromatosis (Ollier disease).

Fig. 2.2 Lipoma arising on the radial aspect of the elbow. 
Plain radiograph. The tumor is sharply marginated with 
the uniform low density of fat

a b

Fig. 2.3 Low-grade liposarcoma arising behind the knee 
joint in a 55-year-old woman. (a) Plain radiograph. (b) 
Computed tomography (CT). Fat density areas are visible 

on the radiograph (a) with mixed fat and soft tissue atten-
uation on CT (b)
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Chondroid tissue reveals ring-and-arc calcifi-
cation. While this does not distinguish between 
benign or malignant cartilage formation, the 
majority of soft tissue masses with this feature, in 
the vicinity of a joint, will arise from synovial 
chondromatosis (Fig. 2.7) [37] and in the hands 
and feet will be soft tissue chondromas. 
Calcification or ossification in the infrapatellar 
(Hoffa) fat pad is typical of a para-articular chon-
droma (Fig. 2.8) [17].

Osteoid mineralization may occur as “cloud- 
like” densities or mature trabecular bone. The 
 latter suggests a slow-growing lesion such as a 
lipoma, low-grade liposarcoma, or hemangioma 
[30]. Poorly defined, amorphous calcification is 
found in up to 30 % of synovial sarcomas 
(Fig. 2.9) [6, 18, 31] and approximately 50 % of 
extraskeletal osteosarcomas (Fig. 2.10). This is 
an extremely useful distinguishing feature from 
the tumor-mimicking myositis ossificans, which 
exhibits marginal calcification (Fig. 2.11) [13, 
34]. Another traumatic condition that presents 
with a peripherally mineralized mass and plate-
like configuration of calcification along the 

course of muscle, almost exclusively in the calf, 
many years after a major injury, is calcific myo-
necrosis (Fig. 2.12) [9, 22].

2.2.6  Bone Involvement

It may be difficult to differentiate a primary soft 
tissue tumor with osseous involvement from a 
bone tumor with soft tissue extension [29]. As a 
rule, the site of the more extensive abnormality, 
be it bone or soft tissue, represents the primary 
focus [39]. Only a minority of soft tissue tumors 
involve bone. The degree of bone involvement 

Fig. 2.4 Necrotic, fungating clear cell sarcoma in a 
62-year-old woman. Plain radiograph. The loculi of gas 
within the tumor indicate secondary infection

Fig. 2.5 Extensive hemangioma of the forearm in an 
adolescent male. Plain radiograph. Note the presence of 
multiple phleboliths
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may vary from cortical hyperostosis, as seen in a 
parosteal lipoma (Fig. 2.13), through the pressure 
erosion seen in slow-growing masses (Fig. 2.14), 
to direct invasion, as seen in aggressive lesions 
(Fig. 2.15). The presence of ill-defined cortical 
destruction is strongly indicative of malignancy, 
although it may also occur with paraosseous 
infections. The converse does not apply in that 
well-defined pressure erosion may occur with 
both benign and malignant soft tissue tumors 
(Fig. 2.11). Aggressive fibromatosis (extra- 
abdominal desmoid tumor) is a benign, but 
locally invasive condition, which can cause irreg-
ular adjacent bone erosion in one-third of cases 
(Fig. 2.16).

Cortical destruction with an outer, saucer-like 
configuration, “saucerization,” occurs in Ewing’s 
sarcoma and bony metastatic disease and should 
not be mistaken for secondary bone invasion 
from a large soft tissue sarcoma [26].

Fig. 2.6 Maffucci syndrome in a 32-year-old man. Plain 
radiograph. Multiple enchondromas and soft tissue hem-
angiomas indicated by the phleboliths

Fig. 2.7 Soft tissue mass in a 62-year-old man. Plain 
radiograph. Characteristic chondroid calcifications arising 
from the posterior aspect of the knee joint due to synovial 
chondromatosis

Fig. 2.8 Para-articular chondroma in a 44-year-old man. 
Plain radiograph. Minor ossification arising in the Hoffa 
fat pad
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2.3  Angiography

Prior to the introduction of cross-sectional 
imaging, angiography was the most useful 
imaging technique for the demonstration of 
soft tissue sarcomas [49, 55, 56]. For many 
years it was considered an important adjunct to 
conventional radiography in patient manage-
ment [19, 28].

Angiography can delineate the full extent of 
feeding and draining vessels of vascular malfor-
mations, but has been largely superseded by CT 
angiography or magnetic resonance (MR) angi-
ography. Preoperative angiography may continue 
to be employed in planning surgery in difficult 
cases or as a prelude to embolotherapy [52, 57].

Angiography can differentiate between the 
two histological types of hemangioma, capillary 

a b

Fig. 2.9 Synovial sarcoma arising in the vastus lateralis in a 66-year-old man. (a) Plain radiograph. (b) CT. Both imag-
ing techniques demonstrate amorphous calcification

Fig. 2.10 Extraskeletal osteosarcoma in a 50-year-old 
man. Plain radiograph. Densely mineralized lesion arising 
in the adductors

Fig. 2.11 Myositis ossificans of the forearm in a 38-year- 
old woman. Plain radiograph. Soft tissue mass lying on 
the surface of the proximal radius showing typical periph-
eral mineralization
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and cavernous. MR angiography can be a useful 
adjunct to MRI in selected cases. This includes 
the differentiation of a soft tissue tumor from an 
aneurysm.

Isolated limb perfusion chemotherapy for mel-
anoma has been shown to be effective in manage-
ment of advanced melanoma of the extremity.

2.4  Computed Tomography

The introduction of CT proved a revolution in the 
detection and preoperative management of soft 
tissue tumors [16, 19, 28, 41, 43, 46].

Although there are some concerns regarding the 
potential for increasing the radiation dose, thin-sec-
tion scanning allows for different types of postpro-
cessing, such a multiplanar reconstructions, volume 
rendering, and surface-shaded display (Fig. 2.17). 
PET-CT (positron emission tomography-computed 
tomography) is one of the gold standards of meta-
bolic imaging. This provides functional as well as 
anatomical information of the lesion, which can be 
useful in staging of sarcomas. This technique is a 
useful adjunct in planning biopsies from metaboli-
cally active component of the tumor and in moni-
toring of treatment of soft tissue sarcomas [2, 11]. 
This will be covered in Chap. 3.

Fig. 2.12 Calcific myonecrosis in an 87-year-old woman. 
Plain radiograph. Soft tissue mass with peripheral mineral-
ization causing pressure erosion on the adjacent tibia

Fig. 2.13 Parosteal lipoma arising on the surface of the 
tibia in a 67-year-old woman. Plain radiograph. Lobulated 
fat density mass with typical periosteal new bone 
formation
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2.4.1  CT Features

The CT features that should be assessed in each 
case are similar to those described above for eval-
uating the conventional radiograph. This reflects 
the fact that both are radiographic techniques 
relying on the attenuation of an X-ray source. 
The principal advantages of CT over the radio-
graph are the improved soft tissue resolution and 
the axial, in contrast to longitudinal, imaging 
plane. The first feature to assess is the attenuation 
value of the mass. Fat will show the lowest atten-
uation of any tissue, and a benign lipoma can be 

diagnosed on CT by the uniformly low attenua-
tion (−70 to −130 HU; Fig. 2.18) [15, 21]. It is 
not possible to reliably differentiate on CT a sim-
ple lipoma from an atypical lipomatous tumor 
(well-differentiated liposarcoma). In the periph-
eries this is rarely a management problem, as the 
treatment of the two conditions is the same. A 
few fibromuscular septa of soft tissue density tra-
versing the lipoma are acceptable (Fig. 2.19). A 
tumor comprising a combination of fat and solid 
component is suggestive of a low-grade liposar-
coma (Fig. 2.3b) [8]. Only air will show an atten-
uation less than that of fat (Fig. 2.19).

Fluid-filled structures, seromas, old hema-
tomas, and synovial cysts have an attenuation 
value less than that of muscle and more than 

Fig. 2.14 Myxofibrosarcoma of the upper leg in a 
65-year-old man. Plain radiograph. Soft tissue mass caus-
ing pressure erosion on the medial cortex of the femoral 
diaphysis

Fig. 2.15 Undifferentiated spindle cell sarcoma of the 
calf in a 78-year-old woman who refused medical treat-
ment for 2 years. Plain radiograph. The tumor has 
destroyed the proximal fibula, with extensive invasion of 
the tibial metaphysis
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that of fat (Fig. 2.20) [42, 44, 48]. Such fluid 
collections are usually homogeneous and well-
defined. Abscesses typically have an attenuation 
value slightly higher than that of simple fluid 
(Fig. 2.19) [36, 53].

The majority of soft tissue sarcomas have an 
attenuation value slightly less than that of normal 
muscle (Fig. 2.21). The highest attenuation found 
in the soft tissues on CT is that of calcification 
and ossification, approximating to that of cortical 
bone. CT exquisitely demonstrates calcification 

more clearly than conventional radiography 
(Figs. 2.9) and can easily distinguish between 
calcification and ossification (Figs. 2.9) [54]. A 
peripheral ring of calcification is a characteristic 
CT feature of myositis ossificans (Fig. 2.22) [3, 
23]. The differential diagnosis should include the 
rare soft tissue aneurysmal bone cyst, which also 
shows peripheral calcification [50].

Tumor margins can easily be defined on CT in 
most cases provided there is sufficient mass 
effect or attenuation difference. As might be 
expected, slow-growing lesions tend to be better 
defined than aggressive lesions. The margin is an 
indicator of the rate of growth rather than whether 
it is benign or malignant. As on conventional 
radiographs, infective lesions will tend to be 
poorly defined due to fluid infiltration in the sur-
rounding soft tissues (Fig. 2.19) [36, 53]. The 
conspicuity of tumor margins and the relation-
ship to adjacent vessels can be improved follow-
ing enhancement with iodinated contrast medium 
(Fig. 2.21) [51]. Contrast medium is helpful in 
those cases where there is doubt as to whether a 
mass is solid or cystic. Very occasionally a soft 
tissue tumor will be isodense with muscle on a 
precontrast CT scan and only be revealed on a 
postcontrast examination [27]. In this situation, 
the presence of mass effect will usually be suffi-
cient to alert the wary observer. Contrast enhance-
ment will also give an indication of the vascularity 
of a tumor, which can be of value in selected 
cases (Fig. 2.23). CT angiography is an alternative 
and also an adjunct to MR angiography which 
provides an accurate description of tumor vascu-
larity and the relationship of a soft tissue tumor 
and adjacent vessels (Fig 2.24). This is a crucial 
component of preoperative planning which con-
tributes to successful surgery [28].

CT gives an excellent demonstration of the 
relationship of a soft tissue tumor to the adjacent 
bones. It is more accurate than conventional radi-
ography, but less so than MRI, revealing medul-
lary bone involvement. It can be useful in assessing 
the relationship of a tumor to bone in anatomically 
complex areas such as the spine and pelvis.

Fig. 2.16 Aggressive fibromatosis in a 37-year-old 
woman. Plain radiograph. There is erosion of the proxi-
mal tibia
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2.4.2  CT Compared with MRI

Studies have suggested that CT tends to overesti-
mate the extent of a soft tissue sarcoma [10, 32], 
presumably due to local lymphatic obstruction. 
This is not a problem for management, as curative 
surgery will require excision of the whole compart-
ment, edema and all. It would be a matter of more 
concern if CT were to underestimate the true tumor 

extent, as this would prejudice attempts at curative 
surgery.

With limb-salvage surgery, the aim in most 
patients, there is always a risk of local recurrence, 
particularly in patients with a high-grade sarcoma. 
The risk is increased considerably if the excision is 
found to be marginal or even intralesional. MRI is 
the preferred technique to detect early recurrences, 
but both techniques are of comparable accuracy if 

Fig. 2.18 Benign lipoma 
in the left anterior thigh of 
a 26-year-old man. Using 
computed tomography, a 
few fibromuscular septa 
can be identified traversing 
the lipoma

a b

Fig. 2.17 Tumoral calcinosis associated with chronic 
renal failure. (a) Computed tomography. (b) Surface- 
rendered 3D reconstruction. Soft tissue masses with 

amorphous calcification. The distribution is readily appre-
ciated on the reconstruction (b)
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the recurrence is greater than 15 cm3 in volume 
[40]. CT is unable to reliably differentiate residual 
tumor from hematoma and granulation tissue fol-
lowing excisional biopsy [20].

Twenty years ago it was being claimed 
that MRI would supersede CT as the primary 
imaging technique in the evaluation of soft tis-
sue tumors [5, 7]. In the developed world, this 

 prediction has been fulfilled, but where access 
to MRI remains limited or contraindicated, CT 
will continue to provide an adequate alternative 
for the majority of patients with a soft tissue 
mass. Indeed, one study comparing CT and 
MRI in the local staging of primary malignant 
musculoskeletal neoplasms yields the conclu-
sion that both techniques are equally accurate 
in the local staging of bone and soft tissue neo-
plasms (Figs. 2.25 and 2.26) [35]. In fairness, 
this study has been the subject of some contro-
versy since its publication, as critics argue that 
many of the MR examinations were obtained 
on older machines, without the use of an intra-
venous gadolinium chelate [47]. In develop-
ing countries, which do not have access to 
MR, CT angiography remains an integral part 
of preoperative planning of certain soft tissue 
sarcomas [1].

a

b

Fig. 2.21 Liposarcoma of the thigh in a 68-year-old man. 
(a) Computed tomography (CT) scan. (b) After intrave-
nous contrast medium. Mass arising in the right vastus 
intermedius muscle slightly hypodense to muscle on 
unenhanced CT (a) and irregularly enhancing after con-
trast administration (b)

Fig. 2.20 Chronic hematoma in the thigh of a 28-year- 
old man at the site of nonunion of an old femoral fracture. 
Computed tomography. The overlapping fracture ends are 
seen as two separate bony structures. The attenuation of 
the hematoma measures 20 HU surrounded by a higher 
attenuation pseudocapsule

Fig. 2.19 Gas-forming clostridial osteomyelitis of the 
femur in a 59-year-old man. Computed tomography. 
Loculi of gas are present within the bone and surrounding 
abscess
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CT remains preeminent in the investigation of 
chest metastases, revealing nodules several milli-
meters in diameter that are not visible on a chest 
radiograph. A CT examination of the chest should 
be performed as part of the initial preoperative stag-
ing of patients with a soft tissue sarcoma. MDCT, 
by eliminating respiratory motion and minimiz-
ing partial volume errors, results in a high rate of 
detection of smaller nodules. Routine follow-up 
of patients with serial chest CT examinations is 
of doubtful value, particularly in view of the con-
siderable radiation dose involved. CT of the chest 
is indicated if a follow-up chest radiograph sug-
gests early metastatic disease. Metastatic spread to 
regional lymph nodes is uncommon in soft tissue 
sarcomas and is usually present only in the later 
stages of the disease. CT identifies abnormally 
enlarged nodes but cannot reliably distinguish 
reactive change from metastatic involvement.

The risk of venous thromboembolism is sig-
nificantly increased in patients with tumors 
including soft tissue sarcomas. The incidence 
ranges from 0.4 to 25 %. Shantakumar and col-
leagues had reported an incidence of 3 % of pul-
monary embolism in a cohort of 3480 older 
patients with soft tissue sarcoma [45]. Majority 
of the thromboembolism occurs within the first 
three months, and the incidence is significantly 
increased in patients undergoing chemotherapy.

Computed tomography pulmonary angiogra-
phy (CTPA) can diagnose pulmonary embolism 
with a sensitivity of 74 % and specificity of 89 % 
[42]. Clinically unsuspected pulmonary embo-
lism is frequently diagnosed in patients undergo-
ing routine CT for staging or as a part of 
monitoring. The incidence of unsuspected pulmo-
nary embolism ranges from 1 to 5 %. However, a 
normal renal function, measured by the estimated 
glomerular filtration rate (eGFR), is required for 
contrast-enhanced examinations. One needs to be 
aware of the risk of contrast- induced acute kidney 

Fig. 2.22 Myositis ossificans of the proximal thigh in a 
12-year-old girl. (a) Computed tomography (CT). (b) CT 
6 weeks later. Mass with early peripheral calcification in 
the left iliopsoas muscle (a) and the signs of maturation 6 
weeks later (b)

Fig. 2.23 Neurofibromatosis in the proximal thighs of a 
23-year-old man. Computed tomography (CT) after iodin-
ated contrast injection. Enhancement of the neurofibrosar-
coma in the left anterior thigh. The numerous remaining 
neurofibromata, particularly involving the sciatic nerves, 
show no significant enhancement
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a

b c

Fig. 2.24 Arteriovenous malformation (AVM). (a) Axial CT, postcontrast.(b) coronal reconstruction of CT angio-
gram. (c) 3D reconstruction. AVM in the first web space (Image courtesy F.M. Vanhoenacker)

Fig. 2.25 Undifferentiated spindle cell sarcoma in a 
45-year-old man. Computed tomography (CT) with 
intravenous contrast medium shows the tumor arising in 
the left buttocks (*)
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injury that can be associated with iodinated 
 contrast, which is commonly used while perform-
ing CT [12].

CT can be used to facilitate biopsy of soft tis-
sue tumors, particularly utilizing CT fluoroscopy 

[57]. It is usually reserved for those cases in 
which tumors are either small (i.e., impalpable) 
or situated in a relatively inaccessible location 
(for instance, in the intercondylar notch of the 
knee) (Fig. 2.27).

a b

Fig. 2.26 High-grade undifferentiated pleomorphic sar-
coma in a 40-year-old man. (a) Axial T1-weighted, fast 
spin-echo image. (b) Computed tomography (CT) with 

intravenous contrast medium. The tumor is partially 
obscured due to bloom artifact from metal on MR. CT 
shows the true extent of the tumor

a b

Fig. 2.27 Soft tissue mass in a 45-year-old man. (a) Axial proton density image. (b) Computed tomography (CT).  
MR shows the soft tissue synovial mass (arrow), which was biopsied under CT guidance
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3.1  Introduction

Sarcomas are a group of various malignancies 
originating in the bone (primary bone sarcoma) 
or soft tissue (STS), including fibrous connective 
tissue, fat, muscle, vascular tissue, neural tissue, 
and visceral tissue.

Although surgical resection is the cornerstone 
of curative treatment, it is still under debate how 
extensive that surgical excision should be, 
whether it should be preceded or followed by 
chemotherapy and/or irradiation and whether or 
not an elective lymphadenectomy should be done 
[23, 24].

Beside tumor size and location, tumor grade is 
up till now considered the most important prog
nostic variable [39], all of them having major 
implications on further management. Conse
quently, the approach to a patient with a mass 
suspicious of a sarcoma usually starts with a 
biopsy in order to obtain tissue for diagnosis. In 
many situations coreneedle biopsies are accepted 
as an appropriate alternative to open biopsy in the 
evaluation of a musculoskeletal mass. However, a 
biopsy may underestimate true tumor grade, due 
to the often large and heterogeneous nature of 
STS [11]. Hence, it is comprehensible that there 
is a growing interest in using imaging modalities 
to guide biopsies toward the biologically most 
active zone. Together with pathology, imaging 
modalities are the basis for accurate staging, 
evaluating locoregional extent of the primary 
lesion, and screening for occult metastases.
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3.2  Characterization and 
Grading

Correct differentiation between a benign and 
malignant soft tissue lesion and a sarcoma versus 
other malignancies is essential to define further 
therapeutic strategy.

Conventional radiography still remains the 
first line imaging modality in the diagnostic work 
up of sarcoma in general. Although its value in 
the evaluation of STS is rather limited due to its 
poor resolution compared with crosssectional 
modalities, it can be used for the assessment of 
calcifications in the tumoral mass, which can aid 
the classification of the lesion (see Chap. 2). As a 
result of its high contrast resolution, magnetic 
resonance imaging (MRI) is at present the main 
imaging modality to establish the local extent of 
the lesion, especially in the extremities, pelvis, 
and trunk (see Chap. 9). Although some benign 
soft tissue masses (like lipomas, hemangiomas, 
myositis ossificans) have a typical appearance on 
MRI and can be correctly diagnosed as benign 
lesions, discriminating benign from malignant 
masses for those lesions whose appearance is 
nonspecific might not be so straightforward (see 
Chap. 10) [8, 30]. In these cases a biopsy is still 
warranted (see Chap. 7).

Computed tomography (CT) offers a better 
spatial resolution but an inferior soft tissue con
trast resolution compared to MRI and may be 
used for initial staging when MRI is contraindi
cated or in case of diagnostic doubt (see Chap. 2).

Several studies have already investigated the 
role of 2fluoro2deoxyDglucose, [18F] FDG, 
positron emission tomography (PET) in the char
acterization and grading of soft tissue masses. 
18FFDG PET can be used to determine tumor 
metabolism in lesions by measuring the standard 
uptake value (SUV). In a study of Ioannidis et al. 
[27], 18FFDG PET was found to be very success
ful in discriminating benign from malignant soft 
tissue lesions. 18FFDG uptake correlated with 
the histological grade of the tumor, with a signifi
cant higher uptake in intermediate/highgrade 
tumors compared to lowgrade tumors, although 
there was some overlap. Almost all intermedi
ate/high grade tumors were correctly diagnosed 

on the basis of visual analysis, with a sensitivity 
and specificity of 92 % and 73 %, respectively, 
almost all of these lesions having a SUV higher 
than 2.0 (sensitivity and specificity 87 and 79 % 
for SUV >2.0 and 70 and 87 % for SUV > 3.0). 
False negative results were seen in lowgrade 
sarcomas, while falsepositive findings were seen 
in inflammatory lesions or lesions with high cel
lularity (e.g., giant cell tumor).

Taking into account other parameters such as 
the uptake pattern (a more heterogeneous pat
tern in highgrade lesions versus homogeneous 
in lowgrade sarcoma) [34, 37], the difference in 
reaching peak activity concentration (where high
grade malignant lesions tend to show a steady 
increase in 18FFDG uptake with a peak activity 
at approximately 4 h, benign lesions usually show 
peak within 30 min followed by a washout) [21, 
32] and SUVbased parameters such as SUVpeak 
and SUVpeak/SUVliver [20] can help to distinguish 
intermediate/highgrade lesions from lowgrade/
benign lesions. However, 18FFDG PET may not 
always offer adequate discrimination between 
lowgrade tumors and benign lesions.

Folpe found a strong correlation between 
SUV and pathological grade, as well as between 
SUV and cellularity, mitotic activity, MIB label
ing index, and p53 overexpression, all of these 
factors known to have prognostic value [22].

Pretreatment SUV was also shown to correlate 
with the final outcome, with a high SUV being 
associated with a significant shorter diseasefree 
survival (DFS) (p < 0.001) and overall survival 
(OS) (p < 0.003) [14]. In a study of Baum and col
leagues, 41 patients with rhabdomyosarcoma 
underwent 18FFDG PET or PETCT. 18FFDG 
PET seemed to be predictive of the outcome: 
patients with a highly metabolic active primary 
tumor with a ratio of SUVmax to SUVliver above 
4.6 showed a significantly shorter overall sur
vival (5year survival of 56 % compared to 100 % 
in the low metabolic active primary tumor group) 
[2] (see also Fig. 3.1).

After correction for standard clinical prognos
tic factors such as histology, grade, age, and sex, 
SUV was found to be an independent predictor of 
survival and disease progression [14]. Also the 
heterogeneity in tissue uptake of 18FFDG was 
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found to be a strong predictor of the final out
come [15].

Since STS tend to be large and heterogeneous, 
there is a risk of sampling error when taking a 

biopsy. In the previous studies, diagnostic dis
crepancies in malignancy grade were found in 
about 10 % of cases when determined by fine 
needle aspiration (FNA) and coreneedle biopsy 

a b c

b’
c’

c’’

b’’

c’b’a’

a’

b’’ c’’

Fig. 3.1 18FFDG PET is predictive of the outcome: 
patients with a highly metabolic active primary tumor 
show a significantly shorter overall survival. A 39year 
old patient with a highgrade malignant schwannoma in 
the right thigh (arrow, a + a’). SUVmax on the baseline 
18FFDG PET scan was 9.75. Within 6 months after resec

tion of the primary lesion, 18FFDG PET showed local 
recurrence (arrow, b), as well as metastases in the right 
lung (open arrow, b’) and in soft tissue (double arrow,b”)). 
Followup 18FFDG PET showed progressive disease with 
the development of pleural (double arrow, c’), bone (open 
arrow, c’), and lymph node metastases (arrow, c”)
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(CNB) compared with final histologic diagnosis 
on the resection specimen [11]. 18FFDG accu
mulates in the cells in proportion to the rate of 
glucose metabolism, giving information on bio
logical activity of the tumoral parts, and subse
quent the identification of intratumoral 
heterogeneity, reflected as areas of high and low 
SUV (see also Fig. 3.2). In a study of Rakheja, a 
close correlation was not only found between 
SUVmax and mitotic count but also with the pres
ence of tumor necrosis [44]. By identifying the 
most metabolically active portion of a tumor 
mass, nuclear medicine techniques can guide 
biopsy to a site most likely to contain tumor tis
sue of the highest grade present.

In conclusion, the main role of the current 
imaging modalities is to recognize patients with 
typically benign disease, in whom further inva
sive staging can be omitted, and select those 
patients with a suspected malignancy, who should 
be referred for biopsy. Following appropriate 
imaging assessment, biopsy of the mass com
pletes the staging process. Since STS tend to be 
large and heterogeneous, there is a risk of sam
pling error; imaging can help to guide the biopsy 
toward the most aggressive zone.

3.3  Evaluation of Disease Extent

As a result of its clear, detailed images of soft tis
sues, MRI represents an ideal imaging modality 
to evaluate the anatomical compartments being 
affected by a primary tumor originating in the 
mesenchymal tissues of muscles, fat, blood ves
sels, nerves, tendons, and synovial tissues and its 
relation to adjacent structures.

Approximately 20 % of all patients with a 
sarcoma will have metastatic disease at initial 
diagnosis, 75–80 % of the metastases arising 
intrathoracic [42, 46]. Völker et al. evaluated the 
impact of 18FFDG PET for initial staging and 
therapy planning in 46 pediatric patients [57], 
demonstrating that 18FFDG PET is a valuable 
tool for initial staging and additionally having 
a significant impact on therapy planning. In this 
study, 18FFDG PET was clearly superior to con
ventional imaging modalities (CIMs) – including 

ultrasound, computed tomography (CT), magnetic 
resonance imaging (MRI) and bone scintigra
phy – in the detection of lymph node involvement 
(sensitivity, 95 % for PET versus 25 % for CIMs, 
respectively) and bone lesions (sensitivity, 90 % 
versus 57 %, respectively). These findings are in 
accordance with other studies showing a higher 
sensitivity and specificity for 18FFDG PETCT 
in detecting malignant lesions than CIMs when 
excluding lung metastases (83 %, 98 % and 78 %, 
97 %, respectively) [33].

With regard to the detection of lymph node 
metastases, the power of 18FFDG PET exists in 
its ability to show tumoral involvement in normal 
sized nodes and to exclude disease in reactively 
enlarged nodes [13]. In view of the fact that lym
phatic spread is presumed rare in the natural 
course of STS, 18FFDG PET is currently consid
ered useful only in tumor types with a higher 
incidence of lymphatic spread (angiosarcoma, 
epithelioid sarcoma, and rhabdomyosarcoma). 
However, it is possible that with the growing use 
of 18FFDG PETCT, the prevalence of detectable 
lymph node metastases may increase [53].

In these same studies as mentioned above, 18F 
FDG PETCT had a higher specificity than CIMs 
in lung lesions (96 % compared to 87 %) but a 
lower sensitivity (80 % compared to 93 %), most 
likely due to a combination of factors such as 
lung lesions with a size below the limits of reso
lution of 18FFDG PET (i.e., 4–5 mm), partial 
volume effects, and breathing motion [42, 46]. 
Highresolution CT remains the most sensitive 
imaging modality to detect lung metastases, 
although it was shown to be only costeffective in 
patients with highgrade T2 lesions or T2 extrem
ity lesions [41]. The higher specificity of 18F 
FDG PETCT emphasizes the complementary 
roles of these imaging modalities in the assess
ment of lung lesions [57].

Regarding the detection of bone lesions, 
whole 18FFDG PET and bone scanning seem 
superior to conventional CIMs, although one 
should take into account the type of the primary 
lesion. Most of these studies are done in patients 
with bone sarcoma, showing a comparable or a 
clearly superior sensitivity of 18FFDG PET and 
bone scanning compared to CIMs in patients 
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a

b

c

Fig. 3.2 18FFDG accumulates in the cells in proportion to 
the rate of glucose metabolism, giving information on bio
logical activity of the tumoral parts, and subsequent the 
identification of intratumoral heterogeneity, reflected as 
areas of high and low SUV. By identifying the most meta
bolically active portion of a tumor mass, nuclear medicine 
techniques can guide a biopsy to a site most likely to 

contain tumor tissue of the highest grade present. From our 
own database: a biopsy of a lesion under 18F FDG PET 
guidance. A lipoma, showing no 18FFDG uptake (a). A 
lowgrade myxofibrosarcoma of the right shoulder show
ing only a discrete and homogenous 18F FDG uptake (b). 
A highgrade myxofibrosarcoma of the left knee with an 
intense and heterogeneous 18FFDG uptake (c)
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with osteosarcoma and Ewing sarcoma, respec
tively [33, 57]. However, since tumor spread to 
bones is rare in STS, the use of bone scintigraphy 
seems only to be encouraged in symptomatic 
patients [28].

Liver metastases may be the first sign of dis
semination in primary intraabdominal STS and 
are usually visualized on the abdominal CT per
formed to evaluate the primary mass. To the best 
of our knowledge, no specific literature is avail
able on the accuracy of PET for the detection of 
liver metastases in sarcoma. Several groups 
reported on the value of 18FFDG PET, 18FFDG 
PETCT, and/or subsequent MRI for PETMRI 
fusion for the detection of liver metastases in dif
ferent kinds of tumors [3, 9, 12, 45]. All of them 
found a high sensitivity and accuracy for 18F 
FDG PET, 18FFDG PETCT, as well as com
bined with subsequent MRI for PETMRI fusion.

Although clinical experience with 18FFDG 
PET/MRI is limited, first results seem promising. 
The main advantages of this one stop shop 
approach lies in combining the strength of the T 
staging equal to that of an MR alone, comple
mented by the N and M staging from the PET 
component [38].

In summary, the main power of 18FFDG PET 
and 18FFDG PETCT lies in the ability to screen 
the entire patient for distant metastases without 
significantly increasing the radiation burden. The 
key role of 18FFDG PETCT lies largely in 
detecting metastases at unexpected sites, outside 
the standard field of view of CT and MRI, and in 
the exclusion of disease in equivocal results on 
conventional imaging. Although further studies 
are required, preliminary clinical experiences 
with 18FFDG PETMRI seem promising.

3.4  Response Evaluation

The purpose of therapy monitoring is to provide 
an early and still accurate differentiation between 
responders and nonresponders with the ultimate 
goal of adapting therapy to the information pro
vided. In this way, responders can continue treat
ment, whereas therapy can be adapted in those 
patients in whom there is a lack of response.

Response to treatment in solid tumors is usu
ally defined as a significant decrease in tumor 
dimensions by anatomic imaging techniques. In 
version 1.0 of the Response Evaluation Criteria 
in Solid Tumors (RECIST), partial response was 
defined as a decrease of at least 30 % in the sum 
of diameters of the target lesions, with the base
line sum of diameters as reference. However, 
these criteria are not always capable of distin
guishing responders from nonresponders to neo
adjuvant therapy [5, 18, 26, 50].

There are weaknesses in the evaluation of 
tumor response by volume changes, especially in 
STS. Firstly, precise measurement of tumor 
dimensions can be challenging in illdefined 
lesions like bone, bowel and peritoneal lesions. 
Secondly, chemotherapy can induce profound 
tissue changes like necrosis and fibrosis [35]. As 
a result of this, a reduction in viable tumor cell 
fraction is not always associated with a reduction 
in volume. Moreover, volume changes are rather 
late events and therefore changes measured by 
computer tomography are often not significant 
when performed earlier than two to three months 
after the start of treatment. In this way, patients 
can be unnecessarily exposed to ineffective, 
toxic, or expensive treatments during a prolonged 
period. It can even reduce the chance of a cura
tive resection by postponing surgery in the neo
adjuvant setting. Finally, the goal of new 
antivascular and cytostatic agents is rather a sta
bilization of tumor growth than tumor shrinkage. 
Therefore, no major volume changes are to be 
expected. Recently the RECIST criteria have 
been revised (version 1.1) [16] to overcome these 
limitations, but clinical validation of these newer 
approaches is still required.

Several studies have shown promising results 
for 18FFDG PET in treatment monitoring. In 
various tumors, such as breast cancer, lymphoma, 
esophageal, stomach, colorectal, head and neck 
and nonsmallcell lung cancers, a good correla
tion between an early and significant decline in 
metabolic activity and response to therapy was 
found, as well as a good correlation between the 
early decrease in 18FFDG uptake and patient out
come [36]. Since 18FFDG PET can differentiate 
between viable cells and necrotic or fibrotic 
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inactive tissue, one can tell apart responders and 
nonresponders early after the start of treatment 
[4, 49].

Evilevitch et al. evaluated whether changes 
in 18FFDG uptake and size measured by a com
bined PETCT scan before and after neoadjuvant 
chemotherapy in highgrade soft tissue sarcoma 
could accurately assess histopathologic response 
defined as ≥95 % pathologic necrosis on the 
resected tumor. Quantitative 18FFDG PET out
performs the sizebased criteria to distinguish 
responders from nonresponders to neoadjuvant 
therapy. Using a 60 % decrease in 18FFDG uptake 
resulted in a sensitivity of 100 % and specificity of 
71 % for PET, whereas for RECIST a sensitivity 
of 25 % and specificity of 100 % was seen [18].

Schuetze and coworkers measured 18FFDG 
uptake before and after neoadjuvant chemother
apy in 46 patients with highgrade localized sar
comas. They found a significant correlation 
between the change in the maximum standard
ized uptake value (SUVmax) and the amount of 
residual viable tumor in the resected specimens. 
18FFDG was found to be a valuable tool to pre
dict outcome, in this way that a SUVmax higher 
than 6 at baseline and less than 40 % decrease in 
18FFDG uptake were associated with a high risk 
for systemic disease recurrence, whereas patients 
with a ≥40 % decline in SUVmax after chemother
apy were at a significantly lower risk for recur
rent disease and death after complete resection 
and adjuvant radiotherapy [47] (see also Fig. 3.1). 
A study of Fendler likewise reported PET 
response, determined by changes in peak SUV 
(SUVpeak) from baseline to follow up in accor
dance with modified PET Response Criteria in 
Solid Tumors (PERCIST 1.0), to be an indepen
dent predictor of progressionfree survival as 
well as for local and distant progression in STS 
patients after 2–4 cycles of chemotherapy in 
combination with regional hyperthermia [19].

Clinical trials in gastrointestinal stromal 
tumors (GISTs) show a significant improvement 
in relapsefree survival and overall survival in 
highrisk patients treated with the molecular 
targeted therapy imatinib as adjuvant treatment 
for 3 years [29], as well as a significant increase 
in progressionfree survival and overall survival 

compared in locally advanced inoperable and 
metastatic patients compared to historical con
trols [10, 55].

Although tumor response occurs within a few 
days after start of treatment in responders, objec
tive tumor shrinkage is minimal and usually 
occurs only after several weeks or months. 
Moreover, since tumor tissue can be replaced by 
necrotic or fibrotic tissue, a reduction in the via
ble tumor cell fraction is not always reflected by 
a volume reduction. Metabolic imaging with  18F
FDG PET has proven to be highly sensitive in 
detecting early tumor response to Glivec treat
ment and precedes tumor shrinkage by several 
weeks to months. A complete normalization of 
all hypermetabolic foci is seen within 1 week of 
treatment and is predictive for favorable outcome 
[52, 54]. Since RECIST underestimates the effect 
of imatinib on metastatic GIST, especially at the 
early stage of treatment, and is a poor predictor of 
clinical benefit, CT criteria were reevaluated. 
Given that a cysticlike appearance with “near”
fluid attenuation and loss of contrast enhance
ment is the typical appearance of responding 
lesion on CT, the use of Hounsfield unit (HU) 
measurements is proposed as an alternative 
response marker [1]. Using the CHOI criteria, 
where response is defined as a decrease in tumor 
size of more than 10 % or a decrease in tumor 
density of more than 15 %, the prognostic value 
of these new CT response criteria is comparable 
to the one obtained with  18FFDG PET [6].

Once GISTs have responded to therapy, treat
ment should be continued ad infinitum, since 
interruption of treatment usually gives rise to a 
relatively rapid tumor progression. Thus, moni
toring of tumor response should be done in the 
early phases of treatment, whereas followup 
should be continued throughout the treatment, 
due to a persistent risk of secondary progression 
over time [17].

In conclusion, 18FFDG PET seems promising 
in treatment monitoring. A good correlation was 
found between an early and significant decline in 
metabolic activity and response to therapy in dif
ferent types of sarcoma. Furthermore, 18FFDG 
uptake is an independent predictor for overall and 
diseasefree survival.
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3.5  Detection of Recurrence

Although recurrences predominantly develop 
within 2 years of resection of the primary tumor, 
late recurrences (>5 years after treatment) are not 
uncommon [31, 40]. Main predictors for local 
recurrence are positive surgical margins, whereas 
grade, size, and tumornodemetastasis (TNM) 
stage predict the development of metastatic dis
ease and overall survival [51]. Early detection 
and treatment of local recurrence is desirable if 
surgical control is to be achieved, even if this 
does not necessarily influence the final outcome 
of the patient.

As a result of its highcontrast resolution, 
MRI is currently the technique of choice for the 
evaluation of suspected local recurrence in the 
extremities. However, radiotherapy and 
chemotherapy induced changes such as soft tis
sue trabeculation, increased fatty marrow, focal 
marrow abnormalities, and hemorrhage can com
plicate the evaluation of the affected region. On 
the other hand, the use of an organized systematic 
approach and certain algorithms can reduce the 
challenge [25, 56].

Although detection of local recurrence of STS 
is still a rather controversial indication for 18F 
FDG PETCT, preliminary results for the use of 
PETCT for this purpose in bone sarcomas [43, 
48], as well as STS, seem promising [7]. However, 
further studies are necessary.

 Conclusion

Since no imaging technique can surpass 
pathology in the purpose of determining exact 
histology and grading of the primary tumor, 
the main role of the current imaging modali
ties is to recognize patients with typically 
benign lesions, in whom no further invasive 
staging is warranted, and to select those 
patients who should be referred for biopsy. In 
view of the fact that sarcomas can be large and 
heterogeneous, nuclear medicine techniques 
can guide a biopsy to a site most likely to con
tain tumor tissue of the highest grade present.

In most cases, conventional radiography, 
MRI, and CT still remain the firstline imag
ing modalities in the diagnostic workup of 

sarcoma. Due to its limited spatial resolution 
and its weak anatomical detail, 18FFDG PET 
as a standalone technique is of no use in the 
evaluation of the local extent of the tumor. 
However, we have entered a new era of hybrid 
imaging machines, uniting the anatomical 
information of the CT and/or MR and the met
abolic information of the PET, improving 
diagnostic accuracy, providing surgery and 
radiation therapy planning, and by merging all 
necessary information in one single procedure 
guiding biopsies even better. Still, studies are 
required to evaluate the impact of combining 
these imaging techniques on the overall diag
nostic performance in sarcoma.

The key role of 18FFDG PETCT is mainly 
an additional role, situated in the detection of 
metastases at unexpected sites, outside the 
standard field of view of CT and MRI, and in 
the exclusion of disease in equivocal results 
on conventional imaging. Hence, high resolu
tion CT still remains the modality of choice to 
detect lung metastases. Additionally, liver 
metastases are usually visualized on the 
abdominal CT performed to evaluate the pri
mary mass and can be detected as the first sign 
of dissemination in primary intraabdominal 
STS. With regard to detection of bone metas
tases, 18FFDG PET is clearly superior in case 
of Ewing sarcoma compared to conventional 
imaging. However, in case of an osteosar
coma, the sensitivity of the former technique 
is similar to that of bone scanning.

Apart from staging the amount of 18FFDG 
uptake as measured by PET is an independent 
predictor for overall and diseasefree survival.

Key Points

1. By identifying the most metabolically 
active portion of a tumor mass, 18FFDG 
PETCT can guide a biopsy toward the 
most aggressive zone.

2. The strength of 18FFDG PETCT in 
staging and restaging of a sarcoma 
patient lies in its ability to detect 
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4.1  Introduction

Due to its unequaled soft tissue contrast and mul-
tiplanar imaging capability, MRI is the modality 
of choice to image soft tissue tumors. This chap-
ter is dedicated to basic unenhanced and static 
enhanced MRI. Advanced MRI and posttreat-
ment imaging are discussed in other chapters. 
Distinction will be made between imaging for 
local staging and tissue characterization purpose, 
as well as between what is essential, what should 
be avoided, and what are useful additional 
techniques.

MR imaging should be of the highest possible 
quality to provide all necessary information 
needed for adequate local staging as well as grad-
ing of a soft tissue tumor.

Local Staging Accurate staging needs precise 
localization of a tumor within its anatomical 
compartment and relative to important surround-
ing landmarks and determination whether a mass 
is confined to its compartment or whether it is 
invading or encasing surrounding structures [2]. 
Imaging should always precede biopsy, as blood 
and edema that follow a biopsy can be difficult to 
differentiate from tumor or the peritumoral reac-
tive zone, with or without Gd administration. An 
appropriate decision whether or not to perform 
limb-salvaging surgery based on a post-biopsy 
MR examination may be impossible.
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Tissue Characteristics Although tissue charac-
teristics derived from MRI alone are often insuf-
ficient to predict a specific pathological diagnosis, 
a well-performed MRI helps to narrow down the 
differential diagnosis, facilitating the clinical 
management. MRI is essential for the decision 
whether or not to perform a biopsy and planning 
of the optimal, most informative biopsy site. 
Lesions in which the observer is highly confident 
of a benign diagnosis at MR may not require his-
tologic biopsy [25].

4.2  Imaging Planes

The strategy in designing the optimal MR exami-
nation depends on the location of a lesion, the 
desired coverage of the region to be examined, 
the available hardware (field strength, coils), the 
time constraints, and the local preferences. The 
MR examination should be supervised, tailored 
to the individual patient. Careful assessment of 
the region of clinical concern should precede any 
imaging to ensure its complete coverage with the 
most appropriate coil and to avoid waste of time 
due to repositioning of the patient after the first 
imaging sequence.

Demarcation of subtle, doubtful, or diffuse 
lesions with a lipid marker prior to imaging may 
be helpful. Care should be taken not to compress 
the mass by this marker. Images should be of suf-
ficiently high spatial resolution to demonstrate 
relevant morphologic features and anatomic 
detail. The use of a large field-of-view results in 
loss of spatial resolution. It is usually not neces-
sary to examine the contralateral side for com-
parison when an extremity is being evaluated. A 
wider field-of-view may be used for initial detec-
tion or when multiple lesions are suspected, fol-
lowed by a smaller field-of-view targeted to the 
lesion.

Imaging usually starts with a sequence in the 
most appropriate longitudinal plane. Anteriorly 
or posteriorly located lesions are best imaged in a 
sagittal plane, medial or lateral localizations in a 
coronal plane. Care should be taken to respect the 
anatomical orthogonal planes since with exces-
sive rotation of a limb, inappropriate position-
ing of longitudinal scan planes results in images 

which are difficult to interpret and probably use-
less for surgical planning. Since this sequence 
should depict the lesion, together with eventu-
ally surrounding edema, with the highest con-
spicuity and over its entire cephalocaudal extent, 
fat- suppressed fast spin-echo T2-weighted or 
STIR imaging with a large field-of-view is 
recommended.

This first sequence in the longitudinal plane 
is usually followed by imaging in the axial 
plane. Since most anatomical compartments 
of the extremities are oriented longitudinally, 
accurate assessment of localization and extent 
of a tumor requires imaging in the axial plane, 
in which the majority of sequences should be 
obtained. Not only the tumor but also the peri-
tumoral edema at its proximal and distal poles 
should be covered by these axial sequences. 
As a rule, the most proximal and distal slices 
should show no pathology. Usually T1- and 
T2-weighted acquisitions are obtained in the 
axial plane at exactly the same location, thus 
allowing an image-by-image comparison. 
Contrast-enhanced images have to be acquired 
at least in the axial and the most useful longi-
tudinal plane and at the same positions as the 
precontrast images.

The choice of an additional imaging plane 
depends on the location of the lesion and the clin-
ical questions to be answered. Inclusion of the 
nearest joint, or another key anatomic landmark, 
serving as a reference in at least one of the longi-
tudinal imaging planes is essential for surgical 
planning since especially deeply situated masses 
can be hard to localize based on clinical examina-
tion alone. Oblique planes may also be useful. 
Typical examples are oblique sagittal images for 
optimal depiction of a lesion’s relation to the 
scapula or the iliac wing.

4.3  Unenhanced MRI

For detection, local staging, and characterization 
of a mass, the use of conventional spin-echo 
sequences is recommended. It is the most repro-
ducible technique, the one with which we are 
most familiar for tumor evaluation, and the most 
often referenced in tumor imaging literature [19].
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4.3.1  T1-Weighted Imaging (T1-WI)

Local Staging In delineation of a soft tis-
sue tumor, distinction must be made between 
 tumor- to- muscle and tumor-to-fat contrast. 

On T1-WI, with exception of fat-containing 
tumors, soft tissue tumors are generally more 
or less isointense to muscle, resulting in low 
tumor-to-muscle but high tumor-to-fat contrast 
(Figs. 4.1b, 4.2a, 4.3a, and 4.4a). As a conse-

a b

c

Fig. 4.1 (a–c) Myxoid liposarcoma in the distal thigh. (a) 
Axial STIR sequence. A sharply margined mass lesion 
with homogeneous high signal intensity is interposed 
between the vastus lateralis muscle and the distal femur. 
(b) Axial unenhanced T1-weighted image. A very low 
tumor-to-muscle contrast is shown with the lesion’s signal 
intensity slightly lower than muscle. In combination with 
the high signal intensity on STIR sequence, this lesion 
could be mistaken for a cyst based on unenhanced 
sequences alone. Also note the very high tumor-to-fat 
contrast, typical for unenhanced T1-weighted images. (c) 
Axial Gd-enhanced T1-weighted image. The lesion shows 
a definite and heterogeneous enhancement, inconsistent 

with a cystic origin of the lesion. Although there is a 
decreased tumor-to-fat contrast, delineation of the tumor 
from the adjacent fat still is perfectly possible. In addition, 
due to a clear increase in tumor-to-muscle contrast, this 
sequence is very suitable for surgical planning. Beside the 
adequate delineation of the tumor, this enhanced 
T1-weighted sequence improves the evaluation of the 
internal structure of the tumor. It helps to differentiate 
viable tumor from a cyst, with a totally different surgical 
approach, and helps to select an appropriate biopsy site. 
Because it mainly consists of less well-vascularized and 
myxoid or necrotic tissue, a biopsy in de posterior part of 
the lesion should be avoided

4 Magnetic Resonance Imaging: Basic Concepts
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quence T1-WI is essential in the identification of 
anatomical structures and delineation of a tumor 
from intermuscular fat planes (Figs. 4.1b and 
4.3a), fat surrounding neurovascular structures, 

subcutaneous fat, and fatty bone marrow. Since 
identification of anatomical fat planes is essen-
tial for surgical planning, nonfat- suppressed 
T1-WI in the axial plane is mandatory.

a b

Fig. 4.2 (a, b) Myxoid round cell liposarcoma in the 
upper arm. (a) Axial unenhanced SE T1-weighted image. 
Large tumor in the lateral head of the triceps muscle, 
isointense to muscle, resulting in poor tumor-to-muscle 
but high tumor-to-fat contrast. In the posterior half of the 
lesion, a small hyperintense area is visible, consistent with 

fat or another short-T1 tissue. (b) Axial unenhanced fat- 
suppressed SE T1-weighted image. Fat suppression 
clearly decreases the signal intensity of the small area, 
consistent with fatty tissue, raising the suspicion of a pos-
sible liposarcoma

a b

Fig. 4.3 (a, b) B-cell non-Hodgkin lymphoma of the left 
buttock. (a) Axial unenhanced SE T1-weighted image. 
Large mass in the left gluteus maximus muscle, slightly 
hyperintense to muscle. Due to high muscle-to-fat con-
trast, a fat plane is clearly visible anterior to the mass. In 
the lateral part, a small hyperintense area is visible, con-
sistent with fat or another short-T1 tissue. (b) Axial unen-
hanced fat-suppressed SE T1-weighted image. Due to the 

rescaling effect, the subtle hyperintensity of the mass 
compared with the surrounding muscle is magnified, 
hence becoming more obvious. Fat suppression doesn’t 
decrease the signal intensity of the small lateral area, and 
rescaling even increases its signal intensity. Hence, it is 
unlikely that we are dealing with a liposarcoma. Notice fat 
suppression results in obscuring of anatomical fat planes
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Because of the low tumor-to-muscle contrast, 
T1-WI in another than the axial plane usually is 
not useful. For fatty tumors, with excellent tumor- 
to- muscle contrast, additional T1-WI in a longi-
tudinal plane might be helpful for local staging.

Tissue Characteristics Tissue characterization 
is based on several imaging parameters, some of 
them related to the signal intensity on T1-WI [4]. 
Unenhanced T1-WI also is essential as a baseline 
for contrast-enhanced studies.

a b

c

Fig. 4.4 (a–c) Malignant peripheral nerve sheath tumor in 
the distal vastus medialis muscle of the thigh. (a) Axial 
unenhanced SE T1-weighted image. The signal intensity 
of the mass is heterogeneous, grossly isointense to muscle 
with some slightly hyperintense areas. (b) Axial unen-
hanced fat-suppressed SE T1-weighted image. Fat sup-
pression results in magnification of the signal heterogeneity, 
increasing the conspicuity of a small hyperintense area in 
the medial half of the lesion. (c) Axial Gd-enhanced fat-
suppressed SE T1-weighted image. After Gd administra-
tion two rims of enhancement are visible, one surrounding 
the lesion and another surrounding a hypointense area in 

the medial half of the lesion. Since Gd-enhanced blood 
vessels now are the most hyperintense structures, rescaling 
occurs resulting in downscaling of the slightly hyperin-
tense area in the medial half of the lesion. Due to the same 
rescaling, assessment of Gd uptake in the lateral half and 
posterior part of the lesion is difficult. Most likely the 
uptake is slight. This would be even more difficult if pre-
contrast fat- suppressed images weren’t available and 
assessment was based on comparison of a with c. In this 
case subtraction images, subtracting sequence b from c, 
and/or nonfat- suppressed Gd-enhanced T1-WI would have 
been of great value
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4.3.2  Fat-Suppressed T1-Weighted 
Imaging (FS T1-WI)

Extra information can be derived from the addi-
tion of a fat-suppression technique to a 
T1-weighted sequence. Chemical shift-based, 
also known as frequency selective, fat suppres-
sion should be used in these cases.

Local Staging Suppression of the high signal 
intensity of fat results in loss of tumor-to-fat con-
trast, obscuring fat planes, which is a major dis-
advantage in planning of surgery (Figs. 4.2b and 
4.3b). For this reason FS T1-WI should never be 
performed without its non-FS equivalent.

Tissue Characteristics The added value of FS 
T1-WI for tissue characterization is threefold : a 
more efficient use of the dynamic range for dis-
play of tissue contrast, differentiation between fat 

and other short-T1 tissues, and a baseline for 
comparison with FS contrast-enhanced T1-WI.

Suppression of the high signal intensity of fat 
induces a rescaling, a redistribution of gray lev-
els, leading to a more efficient use of the dynamic 
range for display of tissue contrast [12]. Minor 
differences in signal intensity between tissues on 
non-FS T1-WI get magnified, and signal inho-
mogeneity, an important parameter in character-
ization, is better evaluated [10] (Figs. 4.3a, b and 
4.4a, b)

A signal hyperintense to muscle is considered 
to be hyperintense on T1-WI. Hyperintense sub-
stances on T1-WI include fat, methemoglobin, 
melanin, and proteinaceous fluid [30]. Chemical 
shift-based FS selectively decreases the signal 
intensity of fat, while other hyperintense tissues 
remain hyperintense [18, 22] (Figs. 4.2, 4.3, and 
4.5b). FS T1-WI is useful if a lesion shows high 

a b c d

Fig. 4.5 (a–d) Necrotic, hemorrhagic high-grade pleio-
morphic sarcoma of the posterior thigh compartment. (a) 
Sagittal unenhanced T1-weighted image. The large mass 
lesion is showing an inhomogeneous high signal intensity, 
possibly of lipomatous origin. (b) Sagittal fat-suppressed- 
unenhanced T1-weighted image. Persistence of the high 
signal intensity despite fat suppression is inconsistent 
with the hypothesis of a fatty tumor and in favor of the 
presence of methemoglobin in a large hematoma or hem-
orrhagic tumor. (c) Sagittal fat-suppressed Gd-enhanced 
T1-weighted image. Differentiation between hematoma 
and hemorrhagic tumor needs administration of gadolin-

ium (Gd) contrast. Unfortunately, because of the presence 
of intralesional methemoglobin, the conspicuity of Gd 
enhancement doesn’t benefit from the fat-suppression 
technique. Based on this sequence, it is virtually impossi-
ble to differentiate enhancement from methemoglobin. 
(d) Sagittal subtraction image (b subtracted from c). 
Subtraction of pre- from post-Gd fat-suppressed 
T1-weighted images permits to isolate the areas of Gd 
enhancement, showing a thin rim enhancement and only 
some small foci of mural enhancement in the upper poste-
rior part of the lesion
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signal intensity on the T1-WI [24, 30], e.g., to dif-
ferentiate fatty tissue from a recent hematoma. It is 
important to perform the sequence with frequency- 
selective FS. Inversion-recovery FS is nonspecific 
and can cause loss of signal of not only fat but also 
of other short-T1 substances [30].

As explained in the contrast-enhanced section, 
it is essential to ensure that a precontrast fat- 
suppressed sequence is available for comparison 
if the postcontrast image is intended to be a fat- 
saturated T1-WI [12]. When time constraints are 
an issue, performing FS T1-WI frequently is not 
useful when the lesion is isointense or hypoin-
tense to muscle on T1-WI.

4.3.3  Fluid-Sensitive Sequences

Local Staging Fluid-sensitive sequences are 
important for the detection of a tumor and the 
differentiation of a hyperintense tumor and its 
surrounding edema from the hypointense sur-

rounding muscles (Fig. 4.6b). The reactive 
edema around a tumor often contains satel-
lite tumor micronodules and is considered as 
an integral part of the lesion and therefore is 
removed en bloc with the tumor [14, 17, 21, 
23]. The conspicuity of this peritumoral edema 
should be as high as possible. The conspicu-
ity with a classic double- echo T2-weighted 
sequence is acceptable. Its main disadvantage 
remains the relatively long acquisition times 
[19], which can be overcome by the use of a 
FSE T2-weighted sequence. However, since fat 
appears bright on FSE sequences [2, 13], with 
subsequent decrease of conspicuity of tumors or 
edema juxtaposed to fat [19], FSE T2-weighted 
sequences without fat suppression should not 
be used in tumor imaging (Fig. 4.6a). For maxi-
mal conspicuity of a tumor and its surrounding 
edema against the background of muscle and 
fat, a fat-suppressed fluid- sensitive sequence 
should be used. Usually a chemical shift-
based fat-suppression technique is chosen. Its 

a b

Fig. 4.6 (a, b) Synovial sarcoma of the proximal thigh. 
(a) Coronal FSE T2-weighted image. A mass consisting 
of several intermediate to hypointense nodulus and a 
strongly hyperintense medial area is shown. No clear per-
ilesional edema is visible, although this assessment is dif-
ficult due to the artificially high signal intensity of fat, 
typical for this FSE T2-weighted sequence. (b) Coronal 
STIR sequence. Signal intensity of the mass is compara-

ble with the previous sequence. However, due to the 
decreased signal intensity of fat by this inversion recovery 
type of fat suppression, resulting in a high fluid-to-fat con-
trast, a reactive zone of perilesional edema at the distal 
pole of the lesion becomes unequivocally visible. This 
case illustrates the ineffectiveness of FSE T2-WI for local 
staging purpose
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acquisition time is shorter with a higher signal-
to-noise ratio compared to STIR imaging [8]. 
A disadvantage is its susceptibility to magnetic 
field inhomogeneities. STIR provides more uni-
form fat suppression but results in longer scan 
times or lower signal-to-noise ratio [3].

Tissue Characteristics Spin-echo T2-WI is 
essential for tumor characterization [4]. Since fat 
appears artificially bright on FSE sequences, FSE 
T2-WI without fat suppression should not be 
used in tumor characterization [2, 13]. It is impor-
tant to realize that the signal intensity of a mass 
can appear quite different on a FS T2-WI, as 
compared with the corresponding non-FS T2-WI 
because of the rescaling effect. FS sequences 
alone cannot be used to reliably describe the sig-
nal characteristics of a mass [30].

As with T1-WI chemical shift-based FS 
T2-WI can be used to confirm the presence of 

fat in a lesion. In addition it also increases the 
conspicuity of non-lipomatous components in 
lipomatous tumors, the latter helping in distin-
guishing lipoma from well-differentiated lipo-
sarcoma [9].

Since its fat suppression is nonspecific, STIR 
imaging should not be used for tissue character-
ization. Nonfatty tissues can be suppressed along 
with fat, and fatty tissues may not be fully sup-
pressed. Knowledge of this pitfall is necessary 
for correct image interpretation [1].

4.3.4  T2* Gradient Echo Imaging

Tissue Characteristics In some selected appli-
cations, a T2*-weighted gradient echo sequence 
can be very useful. In the absence of gas or cal-
cifications on radiographs and computed tomog-
raphy, a marked signal loss on GRE sequences 
is almost pathognomonic for hemosiderin 

a b

Fig. 4.7 (a, b) Giant cell tumor of tendon sheath of the 
foot. (a) Axial unenhanced SE T1-weighted image. 
Unsharply demarcated mass along the tibialis posterior 
insertion, deep to the abductor hallucis muscle, causing an 
erosion at the medioplantar side of the navicular bone. 
The lesion shows a heterogeneous signal intensity with 
strongly hypointense areas, consistent with possible col-

lagen content, calcifications, or hemosiderin. (b) Axial 
T2*-weighted gradient echo image. On this gradient echo 
sequence, the whole lesion shows a profound signal loss, 
the so-called blooming effect, highly suggestive of the 
presence of hemosiderin, consistent with giant cell tumor 
of tendon sheath (extra-articular type of PVNS)
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(Fig. 4.7) [11]. When present in sufficient quan-
tities, hemosiderin can appear more prominent, 
the so-called blooming, and therefore useful 
in the diagnosis of hemangiomas, PVNS, and 
mature hematomas [16].

4.4  Contrast-Enhanced MRI

Routine IV Gd administration is not a require-
ment and unnecessary when the result wouldn’t 
influence patient care. Characterization and 
delineation of, e.g., lipomas and some subtypes 
of vascular malformations are easily performed 
on unenhanced sequences. However, contrast 
administration is certainly helpful in staging, 
characterization, and clinical management of 
most of the soft tissue tumors. Generally contrast 
is administered in a nondynamic fashion: after 
contrast injection a relatively longer acquisition 
of a high spatial resolution is obtained.

Local Staging Enhanced T1-WI improves the 
delineation of a tumor (Figs. 4.1b, c and 4.5), 
helping to highlight tissue planes to aid in assess-
ing the degree of invasion into surrounding struc-
tures [15].

Tissue Characteristics Enhanced T1-WI 
improves the evaluation of the internal structure 
of a tumor (Figs. 4.1b, c and 4.5). It demonstrates 
the relative vascularity of a tumor and helps to 
differentiate well-perfused, viable tumor from 
tumor necrosis, intratumoral hemorrhage from 
hematoma, cysts from solid tumors (Fig. 4.1), 
and cystic parts from myxoid parts. Contrast- 
enhanced MR is essential for the decision 
whether or not to perform a biopsy and planning 
of the biopsy site. Since every additional proce-
dure increases the risk of inadvertent tumor cell 
contamination, the selection of the biopsy site 
should be well considered. A biopsy containing 
well-vascularized viable tumor will be of greater 
value than a nondiagnostic specimen with hem-
orrhage, edema, or necrotic tissue. If only static 
enhanced MRI is used, the area showing the 
most intense enhancement should be selected as 
biopsy site [26] (Fig. 4.1c).

4.4.1  Contrast-Enhanced 
T1-Weighted Imaging

Local Staging On T1-WI tumor-to-muscle con-
trast usually increases markedly after contrast 
administration (Fig. 4.1b, c). Although there is no 
improvement of this tumor-to-muscle contrast 
when compared with fluid-sensitive sequences 
[6, 28], the static enhanced T1-weighted sequence 
without fat suppression is very useful. As an 
“almost-all-in-one sequence,” it has the anatomi-
cal detail, fat planes inclusive, typical of T1-WI, 
a tumor-to-muscle contrast equal to that of fluid- 
sensitive sequences, and it provides useful infor-
mation on tumor content due to the Gd 
administration (Fig. 4.1c). Most surgeons use 
these images for planning their interventions. A 
disadvantage of enhanced T1-WI is a decreased 
tumor-to-fat contrast (Fig. 4.8).

Tissue Characteristics As already mentioned, 
this sequence provides useful information on 
tumor content.

4.4.2  Fat-Suppressed Contrast- 
Enhanced T1-Weighted 
Imaging

Chemical shift-based fat suppression may be 
applied on contrast-enhanced T1-WI. STIR 
sequences should not be used since not only fat 
but also enhancing tissue will be shown with a 
reduced signal intensity [1].

Local Staging Enhanced T1-WI decreases or 
even obscures the tumor-to-fat contrast. Applying 
fat suppression to postcontrast T1-WI restores 
the optimal tumor-to-fat contrast (Fig. 4.8). Since 
FS Gd-enhanced T1-WI shows areas of contrast 
enhancement with a greater conspicuity com-
pared with T1-WI without fat suppression, subse-
quently resulting in images which are easier to 
interpret, the use of this sequence became very 
popular. However, since fat suppression results in 
obscured fat planes, which is a major  disadvantage 
in planning of surgery, this sequence should 
never be acquired without its non-FS equivalent. 
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For local staging purpose, it is only recommended 
when tumor abuts or infiltrates adjacent fat.

Tissue Characteristics The assessment of 
Gd uptake usually occurs by comparison of 
non-FS precontrast T1-WI with postcontrast 
T1-WI. With these images detection of Gd uptake 
can be difficult when differences are subtle in 
case of minor Gd uptake, or when on precontrast 
images the lesion already shows hyperintense 
areas (Fig. 4.5).

Conspicuity of Gd uptake increases with the 
use of FS T1-WI. Suppression of the high signal 
intensity of fat induces a rescaling, magnifying 
minor differences in signal intensity between tis-
sues due to subtle Gd uptake. This rescaling 
effect is responsible for an apparently obvious 
Gd enhancement of tissue that only shows mini-
mal enhancement on non-FS T1-WI [10, 12].

When on precontrast images, the lesion shows 
hyperintense areas, the assessment of Gd uptake 
will only benefit from fat suppression when 
hyperintensity is due to fat, resulting in 
suppression of the hypersignal with subsequently 

increased conspicuity of enhancement along or 
within these fatty areas. When the precontrast 
hyperintensity is of nonfatty origin, fat suppres-
sion doesn’t decrease the signal, enhancement 
conspicuity might not increase, and areas that are 
slightly hyperintense might be rescaled moder-
ately to strongly hyperintense.

One should be aware of the risk of misinter-
pretation when Gd uptake is evaluated by com-
parison of FS-enhanced T1-WI with non-FS 
precontrast T1-WI since a high signal intensity 
of a lesion on FS-enhanced T1-WI can be the 
consequence of two variables that have been 
changed [12]. The change of one variable by 
applying fat suppression to precontrast T1-WI 
causes a rescaling effect, leading to an 
increased signal intensity of tissues, especially 
those which are hyperintense to muscle on 
non-FS images. Differences in signal intensity 
between T1-WI and FS T1-WI are the result of 
fat suppression and rescaling (Figs. 4.2, 4.3, 
and 4.4).

IV administration of Gd changes another vari-
able. Differences in signal intensity between 
pre- and postcontrast T1-WI, or between pre- and 

a b

c

Fig. 4.8 (a–c) Hibernoma of the left groin. (a) Axial 
unenhanced SE T1-weighted image. Mass between the 
femoral neurovascular bundle and the pectineus muscle, 
hyperintense to muscle, and hypointense to fat, resulting 
in an excellent tumor-to-fat contrast. (b) Axial 
Gd-enhanced SE T1-weighted image. The strong Gd 

uptake by the lesion causes a complete loss of tumor-to- 
fat contrast. (c) Axial fat-suppressed Gd-enhanced SE 
T1-weighted image. Due to suppression of the high signal 
intensity of fat, the excellent tumor-to-fat contrast is 
restored, allowing the exclusion of infiltration of the mass 
into the surrounding fat
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postcontrast FS T1-WI, are the result of Gd 
uptake in vascularized tissues (Figs. 4.1, 4.4, and 
4.8). The change of two variables simultaneously 
by comparison of precontrast T1-WI with post-
contrast FS T1-WI might hamper interpretation 
since differences in signal intensity can be the 
result of fat suppression, rescaling, or Gd uptake. 
The rescaling effect might be responsible for 
apparently obvious Gd enhancement of tissue 
that only shows minimal enhancement on non-FS 
T1-WI [10, 12], or even apparently slight or mod-
erate enhancement of tissue which is non- 
enhancing on non-FS T1-WI (Fig. 4.4).

Gd administration might cause a downscaling 
effect on FS T1-WI. Hyperintense areas may lose 
signal intensity when they are not or only mini-
mally enhancing due to rescaling induced by 
strongly Gd-enhancing tissue (Fig. 4.4). In these 
cases interpretation might be more difficult. 
Availability of non-FS pre- and postcontrast 
T1-WI, or the use of subtraction images, might 
facilitate interpretation.

As a consequence, reliable interpretation of FS 
Gd-enhanced T1-WI is only possible if also unen-
hanced FS T1-WI and enhanced non-FS T1-WI 
are obtained, resulting in longer examination 
times. However, the use of FS-enhanced T1-WI 
certainly is not a routine requirement [12].

4.4.3  Subtraction Images

With subtraction imaging, an unenhanced T1-WI 
sequence is digitally subtracted from the identical 
Gd-enhanced sequence by means of a postpro-
cessing tool. The exact similarity in all imaging 
parameters between both sequences to be sub-
tracted is required. Any gray scale value other than 
signal void on subtraction images is consistent 
with Gd enhancement. To obtain useful subtrac-
tion images, the patient should not change position 
during the examination, and IV access should be 
acquired before the start of the examination.

Tissue Characteristics Subtraction images are 
especially useful in lesions showing hyperintense 
signal on precontrast T1-WI due to nonfatty con-
tent (methemoglobin, melanin, or proteinaceous 
fluid). Determination of the presence or absence 

of enhancement in these lesions might be critical, 
and visual assessment of enhancement is difficult 
or even impossible [5]. The subtraction technique 
can adequately determine Gd enhancement on a 
background of hyperintense signal, which is 
extremely important in differentiation between a 
subacute hematoma and a hemorrhagic tumor 
(Fig. 4.5). When time constraints are a matter, 
enhancement conspicuity can also be obtained by 
the use of image subtraction.

4.4.4  Static Versus Dynamic 
Enhanced MRI

Static Gd-enhanced MRI is performed in the 
equilibrium state when the Gd concentration in 
the interstitium equals that of plasma. Dynamic 
Gd-enhanced MRI provides physiologic infor-
mation, such as tissue perfusion and vasculariza-
tion, capillary permeability, and the volume of 
the interstitial space, which is not available on 
static Gd-enhanced MRI (see Chap. 5) [27, 29].

Local Staging Reliable differentiation between 
tumor and peritumoral edema cannot be made by 
means of T2-WI nor by static enhanced 
T1-WI. Dynamic enhanced MR studies can con-
tribute to the differentiation of tumor from edema, 
because edema shows a much more gradual 
increase in signal intensity than the tumor tissue.

Tissue Characteristics Static enhanced MRI 
has a limited value in the characterization of soft 
tissue tumors and the differentiation of benign 
from malignant lesions. Dynamic enhanced stud-
ies improve differentiation between highly vas-
cularized, less well-vascularized, and necrotic 
tumor areas, which further narrows down the dif-
ferential diagnosis, helps to increase the suspi-
cion of malignant lesions [25], and is important 
in the selection of the highest vascularized, 
highest- grade part of the tumor for the biopsy site 
[20, 26].

Since dynamic enhanced sequences are obtained 
with lower spatial resolution, these should be fol-
lowed by a delayed static enhanced study, which 
produces higher spatial resolution [7].
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5.1  Dynamic Contrast-Enhanced 
MRI

5.1.1  Basic Principles

In patients with tumors and tumorlike lesions of 
the musculoskeletal system, MRI is performed 
with (fast-) spin-echo sequences, before and after 
administration of a water-soluble chelate of gad-
olinium, at a dose of 0.1 mmol/kg and a concen-
tration of 0.5 M. As these sequences last for 
minutes, tissues are imaged in a quasi- equilibrium 
state of the water-soluble contrast agent between 
the blood and interstitial space [1–5]. Therefore, 
this type of imaging is referred to as “static MRI,” 
in which spatial resolution is emphasized over 
temporal resolution, in order to define anatomy.

This is in contrast to “dynamic MRI,” where 
imaging is performed during and immediately after 
bolus injection, to study a dynamic physiologi-
cal phenomenon, i.e., the initial distribution of the 
contrast agent in the capillaries and into the inter-
stitial space of the tissues. This type of physiologi-
cal imaging requires attention to a sufficiently high 
temporal resolution and serial imaging. According 
to the Nyquist theorem limit, in physiological imag-
ing, the process of interest must be sampled at twice 
the frequency of the dynamic event being measured 
[3]. After bolus injection (0.2 ml/kg) at an injec-
tion rate of 5 ml/s, the first pass of a contrast agent 
through a tissue generally lasts for about 7–15 s 
[2]. An imaging frequency of at least one image or 
image series per 3.5–7 s is thus mandatory.
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The extracellular distribution of fluid MR 
contrast agents is among blood plasma and the 
interstitial spaces. When such a contrast agent 
is administered intravenously by a rapid bolus 
injection, it is first diluted in the blood of the 
peripheral vein and the right heart, before it 
passes through the lungs and the left heart into 
the peripheral circulation (Fig. 5.1a). During the 
first pass of the contrast agent through the capil-
laries, a net unidirectional, fast diffusion occurs 

into the tissue, due to the high concentration 
gradient between the intravascular and the inter-
stitial space: in normal tissues, approximately 
50 % of the circulating contrast agent diffuses 
from the blood into the extravascular compart-
ment during the first pass [1, 4–7]. This first-pass 
diffusion is essentially different from that during 
the second pass and later: at this initial moment, 
there is no contrast agent in the interstitial space, 
and the agent has its highest possible plasma 

a b

c d

Fig. 5.1 (a–d) Factors determining early tissue enhance-
ment. The lower parts of a–d show what occurs at the 
level of the capillary and the interstitial space after intra-
venous bolus injection; the upper parts graphically dis-
play the changes in signal intensity (SI) in a time-intensity 
curve. (a) The time interval between the intravenous bolus 
injection and arrival of the bolus in the capillary is deter-
mined by the injection rate, the heart rate, cardiac output, 
the localization of the lesion in the body, and the local 
capillary resistance (tissue perfusion). (b) The enhance-
ment rate during the first pass of the contrast agent is 
determined by number of vessels (tissue vascularization), 
local capillary resistance (tissue perfusion), and capillary 
permeability. Tissues with high vascularization, perfu-

sion, and capillary permeability (X) will enhance earlier 
and faster than tissues with a lower number of vessels, 
higher capillary resistance, and lower capillary permeabil-
ity (Y). (c) After the first pass of the bolus, the SI increases 
further until the concentration of the gadolinium (Gd) 
contrast medium in the blood and the interstitial space of 
the tissue are equal. In tissues with a small (S) interstitial 
space, this equilibrium is reached earlier than in tissues 
with a larger (L) interstitial space. (d) As the arterial con-
centration of the contrast medium decreases, the SI drops, 
while the Gd is progressively washed out from the inter-
stitial space. This process occurs faster in tissues with a 
small (S) interstitial space than in tissues with a large (L) 
interstitial space
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concentration, because it is diluted in only a very 
small part of the total plasma volume, namely, 
that volume that enters into the right side of the 
heart at the same time as the bolus, i.e., approxi-
mately 300 ml for a person weighing 75 kg at 
an injection rate of 5 ml/s (Fig. 5.1b). After the 
first pass, the diffusion rate immediately drops, 
because the concentration of the recirculating 
contrast medium has decreased owing to fur-
ther dilution in the blood and partial accumu-
lation in the interstitial space throughout the 
body (Fig. 5.1c). The length of the time interval 
between the end of the first pass and the equilib-
rium state, with equal concentrations of contrast 
medium in plasma and interstitial space, depends 
on the size of the interstitial space (Fig. 5.1c). 
This time interval may vary from less than 20 s 
in lesions with a small interstitial space to more 
than 3–5 min in tissues with a larger interstitial 
space [4, 5, 8]. After this equilibrium phase, the 
contrast medium is progressively washed out 
from the interstitial space as the arterial concen-
tration decreases (Fig. 5.1d). Only in highly vas-
cular lesions with a small interstitial space does 
early washout occur within the first minutes after 
bolus injection [8]. The aim of dynamic contrast-
enhanced MRI is to detect and depict differences 
in early intravascular and interstitial distribu-
tion, as this process is influenced by pathological 
changes in tissues [2, 4, 5, 9–14].

5.1.2  Imaging Techniques

To study the early enhancement characteristics of 
a lesion with DCE-MRI, several factors have to 
be taken into account: type of sequence, selection 
and orientation of the imaging plane, number of 
slices, temporal resolution of the dynamic 
sequence, and spatial resolution of the images.

5.1.2.1  Sequence Parameters
As a rule, dynamic contrast-enhanced imaging 
has to be performed within the first 3 min after 
contrast injection: in this period of early intravas-
cular and interstitial distribution, and large con-
centration gradients between these two 
compartments, important physiological informa-

tion on tissue vascularization, perfusion, capil-
lary permeability, and interstitial composition 
can be obtained. Due to the short distribution 
half-life of all water-soluble contrast agents and 
extravascular leakage of about 50 % of the con-
trast agent during the first pass, most of this infor-
mation is not available after a few recirculations, 
when capillary and interstitial space concentra-
tions reach equilibrium [1, 4–7].

In ideal circumstances, a multi-slice sequence, 
covering the whole lesion, with a moderate spa-
tial resolution and high temporal resolution, 
should be used (e.g., 192 × 192 matrix; 2 mm in- 
plane resolution for each image in one multi-slice 
series with eight parallel slices, repeated every 
1.6 s lasting for 2–3 min). Alternatively, a single- 
slice sequence through the most representative 
part of the lesion can be performed. Imaging with 
a high temporal resolution (e.g., for multi-slice 
DCE-MRI: one series of images per 3 s or less; 
for single-slice DCE-MRI one image per 3 s or 
less) is preferable in order to obtain at least three 
or four images or series of images during the first 
pass, but this is at the cost of spatial resolution 
and number of slices.

For single-slice DCE-MRI, fast or ultrafast 
MRI sequences using gradient echos such as 
turbo FLASH (Siemens; Erlangen, Germany), 
turbo field echo (TFE; Philips, Best, The 
Netherlands), inversion recovery (IR) prepared 
fast GRASS, and fast (multiplanar) spoiled 
GRASS [F(M)SPGR; General Electric, 
Milwaukee, USA] permit study of the earliest 
contrast enhancement kinetics with a sufficiently 
high temporal and satisfactory spatial resolution 
by rapid acquisition in the order of 1–3 s per 
image [34–36]. These so-called snapshot- 
imaging techniques are based on a gradient-echo 
sequence with a very short repetition and echo 
time (less than 10 ms). The present generation of 
MR units permit multi-slice snapshot dynamic 
studies with a temporal resolution of less than 3 s 
per image series and a matrix of at least 128 × 128 
[2, 14, 31–33, 37, 38]. Frequently used multi- 
slice MRI sequences are TWIST (Siemens; 
Erlangen, Germany), 4D-THRIVE (Philips, Best, 
The Netherlands), and 3D-TRICKS [General 
Electric, Milwaukee, USA]
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In dynamic MRI, the use of more than one 
average per acquisition should be avoided, as this 
decreases temporal resolution. Imaging with two 
(or more) averages per acquisition instead of one 
would lead to a loss of important temporal physi-
ological information, which is now available on 
two (or more) images, obtained in the same time 
interval. Although fat saturation might be useful, 
e.g., by use of a selective-preparation radiofre-
quency pulse, in practice this is not done, as fat is 
adequately suppressed by most postprocessing 
techniques, e.g., in subtraction and first-pass 
images.

5.1.2.2  Selection of the Imaging Plane
The main disadvantage of the single-slice 
snapshot dynamic technique is that after bolus 
injection only one dynamic examination can be 
performed in the same patient (the examination 
cannot be repeated before all contrast is 
excreted from the body, i.e., at least 12 h) and 
that images for analysis are usually obtained at 
only one level [2, 41]. It is presumed that this 
section represents the contrast enhancement 
behavior of the entire lesion. Nevertheless, sig-
nificant variations in enhancement have been 
described in different regions within musculo-
skeletal lesions [25]. Due to this nonuniform 
contrast enhancement, the single-slice tech-
nique is subject to sampling error. To minimize 
this inevitable sampling error, the different 
components of the lesion should be thoroughly 
evaluated on the precontrast T1- and 
T2-weighted images, to find an imaging plane 
which includes most components of the lesion. 
This preselection may provide a representative 
imaging plane in small and uniformly enhanc-
ing lesions. Nevertheless, the nonuniform con-
trast enhancement must be considered an 
important motivation for the use of multi-slice 
techniques that permit sampling the entire 
lesion [25, 41]. Inclusion of an artery in the 
imaging plane is useful to evaluate differences 
in time of onset of enhancement in various 
parts of the lesion, compared with the time of 
arrival of the bolus. Muscle tissue should be 
used as reference tissue for comparison with 
the lesion.

5.1.2.3  Imaging Procedure
In practice, one test snapshot image (single-slice 
DCE-MRI) or series of images (multi-slice DCE- 
MRI) should be obtained after preselection of a 
representative imaging plane. If the lesion and 
the regional artery are displayed well on this test 
image(s), the dynamic snapshot sequence can be 
started simultaneously with the bolus injection. 
During all acquisitions of the dynamic study, the 
transmitter and receiver gains should be held 
constant. Overall, the dynamic study should last 
for at least 3 min after bolus injection. The whole 
procedure lengthens the MR examination for 
about 5–10 min [2, 40]. To obtain high concen-
trations of contrast medium during the first pass, 
the bolus injection should be performed at an 
injection rate of 3–5 ml/s in the right antecubital 
vein, which is easily accessible and nearer to the 
heart than the left one: this causes less dilution of 
the bolus. To empty the contrast medium com-
pletely from the infusion line, the bolus should be 
followed immediately by a saline flush of about 
20 ml at the same injection rate. At this rapid 
injection rates, no serious side effects have been 
observed [2, 14, 33, 38, 42]. As reproducibility is 
dependent on the injection rate and on the 
patient’s cardiovascular status, use of a power 
injector is preferable whenever repeat examina-
tions are considered; e.g., for monitoring the 
effect of chemotherapy, a dynamic study should 
be performed before biopsy, during chemother-
apy, and just before surgery [2, 14, 38, 43–45].

5.1.3  Evaluation and 
Postprocessing Techniques

After performing a dynamic study, a large num-
ber of images (up to 180) have to be evaluated 
qualitatively and/or quantitatively. Evaluation of 
a series of images obtained with dynamic 
contrast- enhanced MRI can be performed in dif-
ferent ways. Each technique has its own advan-
tages and disadvantages.

5.1.3.1  Native Review Method
A simple, fast, but subjective, qualitative method 
is the “native review method,” in which an 
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observer examines contrast enhancement sequen-
tially on all images of the dynamic sequence. 
This can be done by viewing all images in “cine 
mode” on a console or simply by printing all 
images on a film and reviewing them one by one 
on a viewing box (Fig. 5.2). With this method, 
detection of small areas of enhancement or of 
areas with discrete enhancement may be difficult. 
Moreover, delineation of enhancing areas from 
fat and hemorrhage may be very difficult 
(Fig. 5.3). Therefore, it is preferable that the 
physiological information behind the dynamic 
MR images is extracted by postprocessing.

5.1.3.2  Subtraction Method
A readily available qualitative method is the 
“subtraction method,” in which the first image of 
the single-slice DCE sequence or the first series 
of images of the multi-slice DCE-MRI sequence 
(i.e., before contrast injection) are subtracted 
from all subsequent images of the dynamic study 
[9, 30, 37] (Fig. 5.2). In this way, all (especially 
discrete, early, and small) enhancing areas are 
easily detected, and high signals from fat and 
hemorrhage are nullified (Figs. 5.3 and 5.4). 
Subtraction images are evaluated in cine mode on 
a console. Using this method, it is easy to evalu-
ate the time interval between the onset of arterial 

and tumoral enhancement and to detect the most 
“active” parts in tumors, e.g., in order to indicate 
the best site for biopsy or to determine the degree 
of response to preoperative chemotherapy quali-
tatively [9, 30, 37] (Fig. 5.3). However, late- 
enhancing tissues such as fat and connective 
tissue may be hardly recognizable on early sub-
traction images (Fig. 5.3).

5.1.3.3  Region-of-Interest Method
Another operator-dependent and more time- 
consuming but quantitative method is the region- 
of- interest (ROI) method [13, 19–21, 33]. In this 
method, signal intensities (SI) in one or more cir-
cular or freely determined ROIs are measured 
and plotted against time in a time-intensity curve 
(TIC; Figs. 5.4, 5.5, 5.6, and 5.7). Most often, 
ROIs encircling the whole lesion and the 
quickest- enhancing area are evaluated [13, 19–
21, 33] (Fig. 5.8). An ROI positioned in a feeding 
artery (to see arterial input) and in a muscle (as 
reference tissue) should always be used to com-
pare with the lesion. The area enhancing fastest 
can often be delineated easily after review of the 
native or subtraction images or from other 
 postprocessing methods. Several types of TICs 
have been described [8, 31]. These TICs provide 
a graphic display of the early pharmacokinetics 

Fig. 5.2 Evaluation and postprocessing of a dynamic 
study with the “native review” and the “subtraction” 
method. In the native review method (top), the observer 
examines contrast enhancement sequentially on all images 
of the dynamic sequence. In the subtraction method (bot-

tom), contrast enhancement is easily detected, as the first 
image (i.e., before bolus injection) is subtracted from all 
subsequent images of the dynamic study. In this way, only 
enhancing areas will be displayed on subtraction
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c

Fig. 5.3 (a–c) Indication of biopsy site on subtraction 
images. A 50-year-old woman with large soft tissue mass 
of the upper arm. Histological diagnosis of myxofibrosar-
coma. (a) The coronal contrast-enhanced, spin-echo 
T1-weighted image (TR 600 ms, TE 20 ms) shows a soft 
tissue mass, predominantly of high signal intensity. There 
is an area of low signal intensity in the central part. (b) On 
the axial turbo spin-echo T2-weighted image (TR 
3,873 ms, TE 150 ms), the mass has an inhomogeneous 

appearance and consists of areas of high and very high 
signal intensity. (c) Fast gradient-echo, dynamic contrast- 
enhanced subtraction image (turbo field echo; 0.5 T; TR 
15 ms, TE 6.8 ms, TI 741 ms, flip angle 30°) reveals that 
only the periphery of the tumor shows (early) enhance-
ment, whereas the central part lacks enhancement due to 
recent hemorrhage and necrosis. The solid areas at the 
periphery (arrows) should be attacked selectively to 
obtain a representative biopsy

after enhancement of the popliteal artery (arrowhead), 
shows intense enhancement of an area (arrow) that proved 
to be recurrent tumor after resection. Onset of tumoral 
enhancement was already visible on the subtraction 
image, obtained 3 s after arrival of the bolus in the artery. 
Notice the improved delineation of the lesion due to the 

nullified surrounding fat. (e) Corresponding time- intensity 
curves of artery (1), muscle (2), and recurrent tumor (3). 
The slope of the curve representing tumor parallels the 
arterial curve, indicating very high vascularization, perfu-
sion, and capillary permeability. The early plateau phase 
is indicative of a small interstitial space in the tumor
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Fig. 5.4 (a–e) Detection of recurrent tumor. A 40-year- 
old woman with recurrence of a previously surgically 
treated synovial sarcoma around the knee. (a) Axial spin- 
echo T1-weighted image (TR 600 ms, TE 20 ms) at the 
level of the patella reveals a subcutaneous area of low sig-
nal intensity (arrow) abutting the femoral cortical bone. 
Differentiation of recurrent tumor tissue from granulation 
tissue is not possible. (b) Axial turbo spin-echo 
T2-weighted image (TR 4,587 ms, TE 150 ms) at the 

same level shows low signal intensity, which makes the 
possibility of local recurrence less likely. (c) Static 
contrast- enhanced, spin-echo T1-weighted image with 
fat-selective presaturation shows inhomogeneous 
enhancement of this area. It is not possible to discriminate 
between postoperative changes and recurrent tumor. (d) 
Subtracted, dynamic contrast-enhanced, gradient-echo 
image (turbo field echo; 0.5 T; TR 15 ms, TE 6.8 ms, TI 
741 ms, flip angle 30°) at the same level, obtained 11 s 
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of the contrast agent during and immediately 
after the first pass (Figs. 5.1, 5.5, and 5.8). From 
these curves, quantitative information can be 
obtained: time of onset of enhancement (Tstart), 
slope (enhancement rate during the first pass, 
FP), maximum enhancement (Emax), time to peak 
or maximum enhancement, and eventually 

 negative slope (i.e., washout rate; Figs. 5.5 and 
5.8). The time of onset of enhancement in a lesion 
(Tstart) can be measured relative to arterial 
enhancement. The difference in time between 
local arterial enhancement and tissue enhance-
ment is mainly determined by tissue perfusion 
and thus indirectly by the local capillary 

Fig. 5.5 Time-intensity curve (TIC). In a TIC, the tempo-
ral change of the signal intensity in a region of interest 
(ROI; or pixel) is plotted against time. At Tstart, when the 
bolus enters the ROI, the signal intensity rises above the 
baseline signal intensity (SIbase). The steepest slope repre-
sents the highest enhancement rate during the first pass 
(wash-in rate) and is mainly determined by tissue vascu-
larization, perfusion, and capillary permeability. At Tmax, 

the time of maximum enhancement, capillary and intersti-
tial concentrations reach equilibrium. The time period 
between the end of the first pass and the maximum 
enhancement is mainly determined by the volume of the 
interstitial space. The washout rate can be calculated from 
the negative slope of the curve. (a.u. arbitrary units, T time 
interval between SIend and SIprior)

Fig. 5.6 (a–h) Fig. 5.6 g, h. Differentiation of capillary 
(high-flow) from cavernous (slow-flow) hemangioma 
with dynamic MRI. (a) On the T2-weighted spin-echo 
image of the right lower leg in a 10-year-old girl, the hem-
angioma is visible as a high signal intensity mass against 
the fibula (arrow). (b) The T2-weighted image of the left 
thigh in a 14-year-old boy shows a soft tissue lesion with 
a high signal intensity, corresponding to a large hemangi-
oma (arrows). The spin-echo images do not allow differ-
entiation of highly and slowly perfused hemangiomas. (c, 
d) On the TIC, the capillary hemangioma (c) has a high 
first-pass enhancement, indicating high perfusion, 
whereas the cavernous hemangioma (d) has a slow 

perfusion. (e) On the first-pass image (turbo FLASH; 
1.5 T; TR 9 ms, TE 4 ms, TI 200 ms, flip angle 8°), the 
capillary hemangioma (arrow) appears as bright as the 
major arteries (arrowheads) due to high perfusion. (f) The 
cavernous hemangioma appears dark on the first-pass 
image due to slow perfusion (arrowheads). (g) A photo-
micrograph of the capillary hemangioma shows numerous 
capillaries in the highly perfused hemangioma (factor 
VIII stain, specific for endothelial cells). (h) A photomi-
crograph of the cavernous hemangioma shows numerous 
red blood cells in the large lumina of the cavernous ves-
sels, indicative of slow perfusion (H&E)
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resistance [33, 46]. The slope represents the max-
imum enhancement rate during the first pass and 
is mainly determined by tissue vascularization 
(i.e., number of vessels) and perfusion [2, 8]. 
However, capillary permeability may also play 
an important role [47]. During the first pass, 
approximately 50 % of the contrast agent (or even 
more in pathological tissues) enters the intersti-
tial space [1, 4–7]. After the first pass, the con-
centration gradient and diffusion rate of the 

contrast agent drop immediately. The change in 
signal intensity is now mainly determined by the 
capillary permeability and the composition of the 
interstitial space (Fig. 5.1c). In tissues with a 
small interstitial space, a rapid equilibrium and 
even a washout of contrast will occur, whereas in 
tissues with a larger interstitial space, a further 
wash-in will still be going on (Fig. 5.1d) [8].

The main advantage of the ROI method is that 
quantitative data are available and that the early 

g h

Fig. 5.6 (Continued)

Fig. 5.7 (a–f) Tissue characterization with dynamic 
MRI. T2-weighted image (a, c, e) and TIC (b, d, f) in a 
23-year-old woman with chronic osteomyelitis and a soft 
tissue abscess in the left thigh (a, b), in a 23-year-old 
woman with posttraumatic myonecrosis of the left deltoid 
muscle (c, d), and in a 77-year-old man with a myxofibro-
sarcoma of the left quadriceps muscle (e, f). Dynamic 
MRI does not allow differentiation of benign and malig-

nant lesions, as some highly vascularized and perfused 
benign lesions [such as granulation tissue at the periphery 
of an abscess (b) or of posttraumatic myonecrosis (d)] 
have slope values in the same range as malignant tumors, 
such as undifferentiated pleomorphic sarcoma (formerly 
known as malignant fibrous histiocytoma) (f). All three 
lesions show an early and fast enhancement at the periph-
ery, where the most “active” part of the lesion is located
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pharmacokinetics of the contrast agent in the 
lesion are visually displayed in a TIC (Figs. 5.1, 
5.5, 5.6, 5.7, and 5.8). The ROI method has, how-
ever, some disadvantages: it is operator depen-
dent, and only the selected regions are studied. 
Moreover, it is a time-consuming procedure, 
especially when several areas have to be investi-
gated (Fig. 5.8). To overcome the main disadvan-
tages of the ROI method, several groups of 
investigators have tried to develop fast, operator- 
independent postprocessing techniques that eval-
uate the physiological information on a 
pixel-by-pixel basis [2, 14, 16, 31, 48].

5.1.3.4  First-Pass Images
Another, rapid, largely operator-independent 
postprocessing technique that creates “first-pass 
images” focuses on the maximum enhancement 
rate during the first pass of the contrast agent, by 
calculating the first-pass slope value on a 
 pixel- by- pixel basis, according to the equation 
(Fig. 5.9) [2, 14, 32, 33]:
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In this equation, SIbaseline represents the mean sig-
nal intensity in a pixel before arrival of the bolus; 
t is the time interval between the acquisition of 
two consecutive images with the largest change 
in signal intensity in a pixel (i.e., from SIprior to 
SIend) and corresponds to the temporal resolution 
of the dynamic sequence. By displaying the 
steepest slope value of all pixels with a grayscale 
value identical to the fastest enhancement rate, 
this method simultaneously provides quantitative 
and qualitative information in a new parametric 
image, the first-pass image (Figs. 5.6 and 5.10). 
In this way, the operator-dependent selection of 
different ROIs with the subsequent time- 
consuming calculation of the slope value from 
the TIC can be avoided. It was shown by radio-
logical–pathological and angiographic correla-
tion that these images depict tissue (micro) 
vascularization and perfusion very well [2]. 
However, a visual display of the early pharmaco-
kinetics of the contrast agent, as observed on a 
TIC, obtained with the ROI method, is not avail-
able with this method (Fig. 5.6).

A variant of this postprocessing method, 
“spatial mapping of instantaneous enhancement 
rates,” applies an exponential-fitting algorithm 

Fig. 5.8 (a–f) Monitoring chemotherapy with dynamic 
MRI. A 51-year-old man with inflammatory myxofibro-
sarcoma of the soft tissues in the cubital fossa before (a–
d) and after (e, f) isolated perfusion with tumor necrosis 
factor-alpha. Histological response was good. (a) Sagittal 
turbo spin-echo T2-weighted image (TR 3,873 ms, TE 
150 ms) before treatment shows a lobulated mass with a 
predominantly high signal intensity. (b) Fast, dynamic 
gradient-echo, gadolinium–diethyltriamine pentaacetic 
acid (DTPA)-enhanced subtraction image (turbo field 
echo; 0.5 T; TR 15 ms, TE 6.8 ms, TI 741 ms, flip angle 
30°) acquired 3 s after arrival of the bolus of contrast 
medium in the artery (arrow). Early peripheral enhance-
ment of the tumor is clearly shown (arrowhead). (c) TIC 
of the whole tumor (1), a fast-enhancing nodule within the 
tumor (2), and the brachial muscle (3). (d) TIC of the bra-
chial artery (1), a peripheral, very fast, and early- 
enhancing tumor nodule, with early washout (2), and a 

central, more slowly enhancing area within the tumor (3). 
Note that the curve of the peripheral tumor nodule (2) par-
allels the arterial curve (1), indicating a very high vascu-
larization, perfusion, and capillary permeability. (e) After 
therapy, there is an inhomogeneous residual mass with 
high signal intensity areas on the turbo spin-echo 
T2-weighted images. The degree of response to chemo-
therapy cannot be assessed on spin-echo images. (f) The 
dynamic contrast-enhanced gradient-echo images show 
delayed onset of enhancement of the tumor relative to the 
artery and to the first examination. No focal areas of early 
enhancement consistent with viable tumor can be seen. 
The corresponding TICs now show gradual enhancement 
of the whole tumor (2) relative to the artery (1), with 
absence of an early plateau phase or early washout, indi-
cating decreased vascularization, perfusion, and capillary 
permeability. Histological response to chemotherapy was 
good
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on a pixel-by-pixel basis to allow derivation 
of the initial slope of the TIC, in order to cre-
ate parametric “slope images” [49]. Nowadays, 
many software packages create other paramet-
ric images in gray or color scale, displaying on 
a pixel-by- pixel base the physiologic informa-
tion available from the TIC, such as the initial 
and delayed rate of contrast agent accumulation, 
the maximum enhancement, and the initial area 

under the contrast agent concentration–time 
curve (IAUC), which integrates the concentra-
tion of contrast agent observed in the tissue of 
interest over time [48, 72]. When normalized to 
surrounding normal tissue, IAUC has been dem-
onstrated to parallel parameters of vessel permea-
bility obtained using more complex mathematical 
modeling. One disadvantage of using IAUC is 
that the parameter represents a conglomerate 

Fig. 5.9 First-pass images: postprocessing procedure. For 
each pixel of the dynamic image, the steepest slope of the 
TIC is calculated. This value represents the highest 
enhancement rate during the first pass. Subsequently, a 

single new image with the same matrix can be composed. 
The value of each pixel in this image is equal to the spa-
tially corresponding first-pass slope value. This parametric 
image is therefore called the first-pass image [64, 65, 67]

a b

Fig. 5.10 (a, b) Monitoring chemotherapy with first-pass 
images. (a) The coronal contrast-enhanced T1-weighted 
image shows inhomogeneous enhancement in a large 
myxofibrosarcoma after two cycles of chemotherapy. The 
degree of response cannot be assessed on the spin-echo 

images. (b) The first-pass image (turbo FLASH; 1.5 T; TR 
9 ms, TE 4 ms, T1 200 ms, flip angle 8°) shows high first- 
pass enhancement rates in the arteries (arrowheads) and at 
the periphery of the tumor. Histologically, these fast- 
enhancing areas corresponded to residual viable tumor
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of physiologic processes, including blood flow, 
blood volume, endothelial permeability, and the 
volume of the extravascular–extracellular space 
(EES). As a result, modeled parameters have the 
capacity to provide more physiologically mean-
ingful information.

5.1.3.5  Pharmacokinetic Modeling 
Techniques

Quantitative approaches have the ability to pro-
duce measurements that reflect the physiologic 
and anatomic structure of the tumor microvas-
culature, blood flow, blood volume, endothelial 
permeability, and the volume of the extravas-
cular–extracellular space. This is of great value 
for improving the characterization of tumors 
before treatment and for detecting the effects 
of new therapies on tumor vascular function. 
Quantitative approaches also offer the potential 
for development of more precise and reproduc-
ible measures, independent of scanner acquisi-
tion and tissue type. Such measures might then 
be used to guide treatment in individual patients 
or as surrogate markers of therapeutic efficacy in 
multicenter drug trials.

Quantitative assessment of the dynamic con-
trast enhancement can be performed with model-
ing techniques, which are usually based on a 
two-compartmental pharmacokinetic model with 
plasma space and extravascular–extracellular 
space (EES) [70–74]. After performing a baseline 
T1 mapping and acquisition of the DCE MR per-
fusion images, signal intensity data are converted 
to gadolinium concentration. Then the vascular 
input function is determined and the pharmacoki-
netic modeling can be done. With pharmacoki-
netic modeling of DCE MR perfusion data, 
several metrics are commonly derived: the trans-
fer constant (ktrans), the fractional volume of the 
extravascular–extracellular space (ve), the rate 
constant (kep, where kep = ktrans/ve), and the frac-
tional volume of the plasma space (vp) [72, 73].

The most frequently used metric in DCE MR 
perfusion is ktrans, which describes the transendo-
thelial transport of low-molecular-weight contrast 
media in tissues: blood perfusion, transport of 
contrast agent across vessel walls (depending on 
capillary permeability), and diffusion of contrast 

medium in the interstitial space. It can have dif-
ferent interpretations depending on blood flow 
and permeability. When there is very high per-
meability (e.g., in synovial sarcoma), the flux of 
gadolinium-based contrast agent is limited only by 
flow, and thus ktrans mainly reflects blood flow. In 
situations in which there is very low permeability 
(e.g., in fibrotic scar tissue and muscle), the gado-
linium-based contrast agent cannot leak easily into 
the extravascular–extracellular space, and thus 
ktrans mainly reflects permeability [74]. However, 
in many tissues and tumors, both blood flow and 
capillary permeability determine the value of ktrans.

After transport across the vessel wall, the con-
trast medium also begins to diffuse into tissue 
compartments further removed from the vascula-
ture, including areas of necrosis and fibrosis. Over 
a period typically lasting several minutes to hours, 
the contrast agent diffuses back into the vascula-
ture (described by the rate constant kep) from 
which it is excreted by the kidneys. When capil-
lary permeability is very high and the EES is small 
(e.g., in high-grade malignant soft tissue tumors 
with high cell density and small interstitial space), 
the return of contrast medium is typically quick, 
resulting in fast washout, even within the first 
2 min. Contrast medium elimination from very 
slow exchange tissues, such as fibrosis or necrosis, 
occurs slowly, explaining the persistent delayed 
enhancement characteristic of some tumors [72].

5.1.3.6  Practical Guidelines
In practice, review of the native images, or pref-
erentially of subtracted images, in cine mode, 
quickly provides information on the vascular-
ization and perfusion of the lesion (e.g., to help 
characterize a lesion, to indicate the best site 
for biopsy, or to detect residual nests of viable 
tumor; Figs. 5.3, 5.4, 5.11, 5.12, and 5.13). TICs 
can be obtained by delineating the whole lesion, 
the fastest-enhancing area, a feeding artery, and a 
reference tissue (e.g., muscle; Figs. 5.4, 5.6, 5.7, 
and 5.13). These curves provide graphic informa-
tion on perfusion, the wash-in rate, and eventually 
the washout rate. They can be used to calculate 
the steepest slope and to monitor chemotherapy. 
First-pass images and other pixel-by- pixel post-
processing techniques such as subtraction can be 
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performed to evaluate all physiological informa-
tion in one or only a few images (Figs. 5.4, 5.6, 
5.10, 5.11, 5.12, and 5.13).

After pharmacokinetic modeling, measuring 
the concentration–time data may be performed 
for an ROI, for a VOI (ROIs from several slices 
covering the whole tumor), or for each voxel in 
the image (requiring good SNR). The ROI or VOI 

approach can make model fitting more robust, at 
the expense of lost detail in heterogeneous tumors. 
Analysis will usually be performed on data from 
the whole tumor or from a representative subset 
of the tumor volume. Global tumor parameters 
may be a fit of the average signal from an ROI/
VOI or ideally a median or mean of the result of 
all fitted voxels [75].

a b

c

Fig. 5.11 (a–c) Monitoring chemotherapy with dynamic 
MRI. A 23-year-old woman with soft tissue metastasis of 
an osteosarcoma in the thigh before (a) and after (b, c) 
treatment with isolated limb perfusion with tumor necro-
sis factor-alpha. Histological response to chemotherapy 
was poor. (a) Axial turbo spin-echo T2-weighted image 
(TR 4,598 ms, TE 150 ms) shows inhomogeneous mass 
with areas of intermediate and high signal intensity. (b) 
Axial turbo spin-echo T2-weighted image (TR 4,590 ms, 
TE 150 ms) after therapy displays a large heterogeneous 
mass, mainly composed of high signal intensity areas with 

fluid levels compatible with hemorrhage and/or necrosis. 
However, the degree of response cannot be assessed on 
the spin-echo images. (c) Early dynamic gadolinium- 
enhanced, gradient-echo subtraction image (turbo field 
echo; 0.5 T; TR 15 ms, TE 6.8 ms, TI 741 ms, flip angle 
30°) shows rapidly progressive enhancing areas (arrow-
heads) at the periphery of the mass, starting within 3 s 
after arterial enhancement (arrow). These early- enhancing 
foci corresponded to areas of highly cellular, residual 
viable tumor. The central part of the tumor lacked 
enhancement, corresponding to necrosis
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5.1.4  Clinical Applications

Dynamic contrast-enhanced MRI has been used as 
an additional imaging technique in various clinical 
applications, such as differentiation of benign 
from malignant lesions, tissue characterization by 
narrowing down the differential diagnosis, identi-
fication of areas of viable tumor before biopsy, dif-

ferentiation of tumor from perineoplastic edema 
(which enhances later and less than tumor), early 
detection of avascular necrosis and inflammatory 
sacroiliitis, and evaluation of rheumatoid arthritis 
and carpal tunnel syndrome [2, 11, 12, 14, 15, 18, 
19, 23, 24, 25, 26, 27, 28, 33, 40, 49]. In all these 
applications, this technique provides global 
information on tissue vascularization, perfusion, 

a b

c d

Fig. 5.12 (a–d) Tissue characterization with dynamic 
MRI. A 5-year-old boy with painful swelling of the but-
tocks. (a) The axial spin-echo T1-weighted image shows a 
poorly defined mass in the left gluteus maximus muscle. 
The tumor is heterogeneous, with both ill-defined areas of 
intermediate signal intensity and areas of high signal 
intensity corresponding to fat. (b) On the turbo spin-echo 
T2-weighted image, the mass is well defined and predom-
inantly of very high signal intensity, with some serpentine 
areas of intermediate signal intensity corresponding to 
fatty tissue. (c) Early dynamic, gadolinium-enhanced 

gradient- echo subtraction image (turbo field echo; 0.5 T; 
TR 15 ms, TE 6.8 ms, TI 741 ms, flip angle 30°), acquired 
3 s after enhancement of the arteries (arrowheads), shows 
no enhancement in the tumor. (d) Late dynamic, 
gadolinium- enhanced gradient-echo subtraction image, 
acquired 112 s after arterial enhancement, shows only dis-
crete enhancement in the tumor. The late and low enhance-
ment makes the diagnosis of a high-grade soft tissue 
sarcoma (e.g., liposarcoma or rhabdomyosarcoma) less 
likely. Biopsy and subsequent tumor resection in this 
patient revealed a (benign) lipoblastoma
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capillary permeability, and composition of the 
interstitial space. The most important applications 
in the musculoskeletal system, however, are iden-
tification of viable areas in a tumor before biopsy, 
monitoring of chemotherapy, and detection of 
residual or recurrent tumor tissue after therapy [9, 
10, 16, 17, 20–22, 29, 30, 48, 50].

5.1.4.1  Monitoring Chemotherapy
The most important application of dynamic MRI 
in the musculoskeletal system is evaluation of 
response to preoperative chemotherapy in bone 
tumors and soft tissue tumors, because plain radi-
ography, CT, and static MRI are not reliable 
means of solving this problem [51]. The aim of 

a b

c d

Fig. 5.13 (a–d) Detection of residual tumor with 
dynamic MRI. A 58-year-old woman referred for an MRI 
examination after marginal resection of what was origi-
nally thought to be a lipoma but proved to be a myxofi-
brosarcoma. (a) Axial fat-saturated, turbo spin-echo 
T2-weighted image (1,901 ms/100 ms) at the level of 
the scar, which is marked with a vitamin A pearl. There 
is a nonspecific area of high signal intensity within the 
subcutaneous tissue; differentiation of residual tumor 
tissue and granulation tissue is not possible. (b) Static 
T1-weighted, contrast-enhanced image with fat-selective 
presaturation displays nonspecific enhancement of the 
scar region: differentiation of residual tumor tissue and 
granulation tissue is not possible. The nonenhancing 

area (asterisk) represents a postoperative fluid collec-
tion (seroma). (c) Subtracted dynamic contrast-enhanced 
gradient-echo image (turbo field echo; 0.5 T; TR 15 ms, 
TE 6.8 ms, TI 741 ms, flip angle 30°) at the same level, 
obtained 30 s after bolus injection. There is a small, nodu-
lar area of very high signal intensity (arrow) abutting the 
seroma cavity. Enhancement started 6 s after arrival of 
the bolus in the artery (arrowhead). The early and intense 
enhancements are more suggestive of residual tumor tis-
sue than postoperative granulation tissue. (d) The TIC of 
this small nodular area (2) parallels the arterial curve, (1) 
and an early plateau phase is seen, followed by a grad-
ual washout. Histology of the biopsy revealed residual 
myxofibrosarcoma
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monitoring is to predict the percentage of tumor 
necrosis in order to differentiate responders from 
nonresponders. Moreover, response to initial che-
motherapy is one of the most reliable predictors 
of outcome [52–56]. Assessment of the effect of 
preoperative chemotherapy is important, because 
a poor response may affect the feasibility of 
future conservative surgery and change the post-
operative (adjuvant) chemotherapy [54, 56, 57]. 
In contrast, a good responsive tumor that was 
considered inoperable at the time of first presen-
tation can conceivably become operable [58]. 
Optimal follow-up of patients with malignant 
soft tissue tumors requires three DCE-MRI stud-
ies, i.e., before biopsy, during chemotherapy, 
and, at the end of chemotherapy, immediately 
before surgery [39].

Many studies have assessed the value of 
dynamic MRI in monitoring the response to pre-
operative chemotherapy in osteosarcoma, Ewing 
sarcoma, rhabdomyosarcoma, and synovial sar-
coma [2, 9, 10, 14, 16, 17, 20, 21, 38, 41, 50, 59, 
60]. The promising results, with accuracy levels 
to distinguish responders from nonresponders of 
85.7–100 %, can largely be explained by the pos-
sibility of dynamic MRI to depict tissue vascular-
ization. Other successful methods, such as 
angiography, color Doppler flow imaging, and 
blood-pool scintigraphy with technetium-99 m 
diphosphonate (99mTc-labeled MDP), are also 
based on the demonstration of a significant 
decrease in tumor vascularization and perfusion 
in responders [46, 61–64].

In dynamic MRI, the ROI method allows cre-
ation of TICs from regions encircling the whole 
tumor [2, 14, 20, 21]. An increase in slope value 
during follow-up indicates poor response, 
whereas a decrease in type of curve and slope not 
always indicates good response, because small 
nests of residual tumor tissue may be missed. To 
detect these areas, smaller areas of interest should 
be investigated, e.g., by MR mapping [10, 41]. 
This is very time-consuming, and therefore com-
puterized, pixel-by-pixel postprocessing tech-
niques are preferable.

The most easy, qualitative postprocessing 
method to evaluate dynamic contrast-enhanced 
images is subtraction MR [9, 38] (Figs. 5.6, 5.8, 
and 5.11). Subtraction images display areas with 

remaining viable tumor cells as high signal inten-
sity nodules and allow a good differentiation 
between viable tumor and inflammation (Figs. 5.8 
and 5.11).

In first-pass images, all structures are dis-
played with a gray or color scale equal to the 
highest enhancement rate (i.e., during the first 
pass; Figs. 5.9 and 5.10) [2, 32]. In this way, 
quantitative evaluation of the effect of chemo-
therapy is possible by measuring the first-pass 
enhancement rate of the whole tumor (i.e., the 
mean value of all pixels in the tumor) in consecu-
tive examinations during preoperative chemo-
therapy. Direct visual inspection (qualitative 
evaluation) of these images, and also of the para-
metric color images derived from the pharmaco-
kinetic modeling (displaying ktrans, ve, kep, and vp), 
allows easy detection of highly vascular and/or 
highly perfused viable tumor tissue. This is use-
ful for the qualitative assessment of tumor 
response (Fig. 5.10). Whenever areas with a 
bright appearance are detected, poor response, 
with more than 10 % of tumor tissue remaining 
vital, should be suspected. In such cases, the first- 
pass image was useful to guide a new biopsy or to 
focus the attention of the pathologist on those 
areas in the resected specimen, in which tumor 
cells might have survived chemotherapy [2] 
(Figs. 5.10 and 5.11). However, with this and 
other postprocessing techniques, young granula-
tion tissue replacing tumor necrosis may mimic 
vital tumor areas, especially in the early phase of 
chemotherapy and in the first months after radia-
tion therapy. In a second and third follow-up 
DCE-MRI study, 3 and 6 months later, tumor tis-
sue will still be highly vascular, whereas all 
parameters will be lower in reactive tissue.

5.1.4.2  Tissue Characterization: 
Differentiation of Benign 
from Malignant Lesions

Attempts have been made to use the slope of a 
TIC as a differential diagnostic criterion to differ-
entiate benign (low-slope) from malignant (high-
slope) lesions (Table 5.1; Figs. 5.5 and 5.7) [2, 14, 
19–21, 33, 50]. In these studies, evaluation of the 
malignant potential of musculoskeletal lesions 
with the slope of TICs was possible with levels of 
sensitivity and specificity ranging from 72 % to 
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83 % and 77 % to 89 %, respectively. Although 
there was a highly statistically significant differ-
ence in slope values of benign and malignant 
lesions, there was some overlap: some highly vas-
cularized or perfused benign lesions, such as 
aneurysmal bone cyst, eosinophilic granuloma, 
giant cell tumor, osteoid osteoma, acute osteomy-
elitis, myositis ossificans, and occasionally 
aggressive fibromatosis, fibrous dysplasia, neuri-
noma, and neurofibroma, had slope values in the 
same range as malignant tumors (Figs. 5.6 and 
5.7; Table 5.1). The highest slope values were 
found in synovial sarcoma and fibrosarcoma. On 
the other hand, low-slope values seemed to have a 
high predictive value in favor of a benign lesion 
(Fig. 5.12, Table 5.1). Due to this overlap between 
benign and malignant lesions, TICs and slope val-
ues should only be used in conjunction with con-

ventional spin-echo images and other radiological, 
anatomical, and clinical data to narrow down the 
differential diagnostic possibilities, by providing 
physiological information on the vascularization 
and perfusion of the lesion, rather than to predict 
the benignity or malignancy of a lesion. A study 
evaluating the value of static and dynamic gado-
pentetate dimeglumine-enhanced MRI in predic-
tion of malignancy showed that contrast-enhanced 
MRI parameters that favored malignancy were 
liquefaction, early dynamic enhancement (within 
6 s after arterial enhancement), peripheral or inho-
mogeneous dynamic enhancement, and rapid ini-
tial dynamic enhancement followed by a plateau 
or washout phase [40]. The slope of the TIC, the 
time of onset of enhancement (relative to the onset 
of enhancement in a local artery), and the type of 
curve are not helpful to differentiate benign from 

Table 5.1 Slope values of soft tissue tumors

Slope value 3–40 %/s 40–96 %/s >100 %/s

Benign lesions Lipoma Myositis

Lipoblastoma Capillary (high-flow) 
hemangioma

Elastofibroma Abscess

Organizing old hematoma Granulation tissue

Ganglion Myositis ossificans

Dermoid

Fat necrosis

Cavernous hemangioma 
(slow flow)

Angiolipoma

Synovial chondromatosis

Pigmented villonodular 
synovitis

Neurofibroma

Rheumatoid nodule

Calcifying tendinitis

Schwannoma

Malignant lesions Epithelioid sarcoma

Lymphoma

Liposarcoma

Fibrosarcoma

Undifferentiated pleomorphic 
sarcoma

Synovial sarcoma

The slope values were obtained using a single-slice turbo FLASH sequence on a 1.5-T magnet, with the following 
parameters: TR 9 ms; TE 4 ms; TI 200 ms; flip angle 8°; matrix 128 × 128; one average per acquisition; slice thickness 
6–10 mm; acquisition time 1.41 s/image; linear view order
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malignant lesions, although curves with a high 
slope, early equilibrium phase, and early washout 
seem to occur more frequently in undifferentiated 
pleomorphic sarcoma (formerly known as malig-
nant fibrous histiocytoma) and synovial sarcoma 
[8, 37] (Fig. 5.13).

Dynamic contrast-enhanced MRI has been used 
successfully to differentiate capillary and arteriove-
nous (high-flow) hemangiomas from cavernous 
(slow-flow) hemangiomas [2, 31, 33] (Fig. 5.6).

5.1.4.3  Identification of Viable Tumor 
Tissue

Identification of viable areas in a tumor is impor-
tant for biopsy, as, on histopathological examina-
tion, well-vascularized viable tumor will be of 
greater value for determining the tumor type and 
grade than a biopsy specimen containing a mix-
ture of poorly vascularized tumor tissue, edema, 
or necrotic material. Dynamic contrast-enhanced 
MRI may provide useful information for guiding 
the biopsy needle toward representative areas, as 
areas with well-vascularized viable tumor tissue 
will be depicted considerably better than on 
contrast- enhanced spin-echo images [33] 

(Fig. 5.3). During the first pass of the contrast 
agent in the tumor, the most highly vascular areas 
will appear brighter than other tumor compo-
nents and peritumoral edema, due to a faster 
enhancement (Figs. 5.3, 5.4, 5.8, and 5.13) [49].

5.1.4.4  Detection of Residual or 
Recurrent Tumor

After resection of a musculoskeletal tumor, regular 
follow-up studies are mandatory. Whenever a mass 
is detected with high signal intensity on fat- saturated 
or STIR T2 images, dynamic contrast- enhanced 
MRI is indicated, as differentiation between inflam-
matory changes, seromas, and residual or recurrent 
tumor tissue is not possible with static MRI [30, 
65–69]. According to Vanel et al., no enhancement 
occurs in seromas; slow increase observed with 
dynamic contrast- enhanced MRI indicates pseudo-
mass (= reactive tissue and inflammation, usually 
visible as high signal intensity area, without real 
mass), whereas early, fast, and high increase of sig-
nal intensity indicates recurrence [29, 30] (Figs. 5.4, 
5.13, and 5.14). Two exceptions are recurrence of 
PVNS and fibromatosis, which may present as al 
low signal intensity mass (Fig. 5.14).

Post-treatment Follow-up
Suspicion of

local recurrence

T2 STIR or fs

Low SI Mass High SI Mass
High SI without

mass

Recurrence of
fibromatosis or

PVNS
DCE-MRI

Reactive tissue

inflammation

Early, fast
and high

enhancement

No 
enhancement

Slow, moderate
and late

enhancement

SeromaRecurrence

Fig. 5.14 Flow chart for follow-up of soft tissue tumors after therapy (see text 5.1.4.4)
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5.2  Diffusion MRI

5.2.1  Imaging Technique

Diffusion MRI provides quantitative and qualita-
tive assessments of tissue cellularity and cell 
membrane integrity. It is widely used for tumor 
detection, characterization, and monitoring dur-
ing treatment. Diffusion MRI supplies functional 
information that complements the structural eval-
uation [76]. Diffusion MRI measures the random 
movements of water molecules in the body 
(Brownian motion). Water molecule motion is 
assessed in vivo in the extracellular, intracellular, 
and transcellular compartments, as well as in the 
intravascular compartment (microcirculation–
perfusion) [77]. Blood flow in the intravascular 
compartment leads to water-molecule diffusion 
over longer distances, compared to the extracel-
lular and intracellular compartments. The contri-
bution of intravascular water-molecule diffusion 
to the diffusion image varies across tissues; it can 
be significant in highly vascularized tumors. 
Restriction of water-molecule diffusion within 
biological tissues correlates negatively with tis-
sue cellularity and membrane integrity [78]. 
Restriction is greater in highly cellular tissues 
that have intact cell membranes and a small 
extracellular compartment.

Tumors differ regarding their cellular charac-
teristics, and the differences can serve to differ-
entiate tumor types. Cellularity is greater in 
malignant tumors, in which restriction of water- 
molecule diffusion tends to be greater, compared 
to benign tumors [76, 79].

5.2.1.1  Qualitative Diffusion MRI
Diffusion MRI is performed using a conventional 
T2-weighted sequence with diffusion gradients 
to filter the signal from highly mobile water mol-
ecules and to improve the detection of diffusion 
and mobility. Available diffusion sequences 
include spin-echo diffusion-weighted imaging 
(DWI), echoplanar imaging (EPI), and steady- 
state free precession (SSFP) imaging [77]. EPI 
has a short acquisition time and is consequently 
the most widely used sequence, with a single- 

shot or multi-shot technique. To improve inter-
pretation accuracy, at least two different b-values 
are generally used (0 and 600 or 1000 s/mm2). 
The b-value reflects the diffusion force and diffu-
sion weighting of the image, just as the echo time 
(TE) reflects T2 weighting of T2 images [11, 76]. 
Cystic tumors exhibit greater signal attenuation 
on high b-value images, reflecting the smaller 
degree of water-molecule motion restriction, 
whereas solid masses and cellular tumors con-
tinue to generate a high-intensity signal.

5.2.1.2  Quantitative Diffusion MRI
Diffusion MRI with multiple b-values provides 
a quantitative analysis via the apparent diffusion 
coefficient (ADC). ADC is an exponential func-
tion of the tumor signal on the images acquired 
with different b-values. The ADC is computed 
for each pixel of the image, and a map of the 
ADC values is created. Tissues can be differen-
tiated by using ROIs on the ADC map. Highly 
cellular sites with restricted diffusion have 
lower ADC values compared to sites character-
ized by lower cell densities. Sites with low ADC 
values generate higher signal intensity on diffu-
sion images. However, the ADC depends not 
only on water-molecule diffusion in the extra-
cellular tumor compartment but also on the 
degree of tumor perfusion [79]. The perfusion 
fraction (microcirculation) in malignant soft tis-
sue tumors tends to be greater and to make a 
larger contribution to ADC elevation than in 
benign soft tissue tumors. Thus, perfusion can 
produce a larger ADC increase in malignant 
tumors, leading to overlap between ADC values 
of malignant and benign tumors [76]. Diffusion 
images corrected for perfusion (perfusion-
insensitive ADC value, PIADC) limit the impact 
of this effect [79]. Conventional ADC values are 
measured with b-values of 0 and 600 s/mm2. 
Water molecules that move freely and diffuse 
over long distances (e.g., in the intravascular 
compartment) show signal attenuation at low 
b-values (50–100 s/mm2). In contrast, water 
molecules that move slowly or diffuse over short 
distances exhibit more gradual signal attenua-
tion with increasing b-values (1000 s/mm2). 
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High-grade tumors with high cellularity and 
small interstitial spaces tend to produce lower 
ADC values [16]. Benign non-myxoid tumors 
have a higher mean ADC value compared to 
malignant lesions (1.31 ± 0.46 0.46 × 10−3 mm2/s 
versus 0.94 ± 0.25 × 10−3 mm2/s, P < 0.001) 
(NEW Fig. 5.15.) [80]. In combination with 
standard structural MRI parameters, the ADC 
value improves tumor characterization [81]. 
ADC measurements may be difficult in hetero-
geneous large soft tissue sarcomas. ROI mea-

surements of ADC should avoid necrosis, 
hemorrhage, calcification, and mucoid compo-
nents. Minimum ADC may be more discrimi-
nant than mean ADC to differentiate benign 
form malignant tumors.

Diffusion MRI can also be used to monitor 
tumors during chemotherapy. Tumor necrosis 
results in loss of cell membrane integrity and in 
expansion of the extracellular compartment, 
leading to greater water-molecule diffusion with 
an increase in the ADC value [76].

a b

c

Fig. 5.15 (a–c) Dermatofibrosarcoma protuberans of the 
left thigh. (a) Coronal fast spin-echo T2 MR image shows 
oval subcutaneous soft tissue mass. (b) Coronal fat- 
saturated T1 MR image after intravenous injection of 
gadolinium contrast medium shows intense enhancement 

of the tumor. (c) ADC map of the hip regions shows highly 
cellular tissue with restricted diffusion. The mean ADC 
measured in the ROI (1.06 × 10−3 mm2/s) is suggestive for 
a malignant tumor
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5.2.2  Clinical Applications

5.2.2.1  Abscesses, Hematomas, 
and Necrotic Tumors

Necrotic tumors and abscesses may have similar 
appearances on conventional MRI. A definite 
diagnosis of abscess modifies the management 
strategy, as drainage is in order. Abscesses may 
have a rich blood supply in the active wall, with 
perfusion slopes similar to those seen in malig-
nant tumors [40]. Abscesses contain inflamma-
tory cells, a protein matrix, cellular debris, and 
bacteria within highly viscous pus, limiting water-
molecule mobility. Therefore, the abscess cavity 
is characterized by a low ADC value and a high 
signal on high b-value diffusion MR images. In 
the necrotic part of necrotized tumors, diffusion 
tends to be greater than in abscesses, because the 
composition of tumor necrosis allows more ran-
dom movements of water molecules than viscous 
necrosis in an abscess. In the highly cellular solid 
part of aggressive malignancies, water motion is 
restricted and the ADC value will be low [76].

Differentiating a hematoma from a hemor-
rhagic malignant tumor may be challenging 
[76]. Diffusion MRI can differentiate a 

growing chronic hematoma from a malignant 
tumor. The mean ADC value is significantly 
higher in hematomas than in soft tissue malig-
nancies (1.55 ± 0.121 × 10−3 mm2/s versus 
0.92 ± 0.139 × 10−3 mm2/s, P < 0.01). Acute and 
subacute hematomas produce characteristic MRI 
features with methemoglobin, and the ADC map 
shows restricted diffusion in the center of the 
lesion. Contrast enhancement is rare in benign 
hematomas but may be present in the periph-
ery of the hematoma, as a mild and regular 
enhancement.

5.2.2.2  Myxoid Tumors
Myxoid tissue is found in myxoma, myxoid 
liposarcoma, and myxofibrosarcoma [39]. The 
high mucin and low collagen contents of these 
water- rich lesions, which allow more ran-
dom movements of water molecules, result in 
higher ADC values in malignant and nonma-
lignant myxoid soft tissue tumors than in non-
myxoid tumors (2.08 ± 0.51 × 10−3 mm2/s versus 
1.13 ± 0.40 × 10−3 mm2/s, P < 0.001) [76, 79] 
(NEW Fig. 5.16). However, there is not so much 
difference of the myxoid component in malignant 
and nonmalignant myxoid soft tissue tumors, 

a b

Fig. 5.16 (a, b) Myxofibrosarcoma of the right thigh. (a) 
Axial fat-saturated T2 MR image shows a very high signal 
intensity of the mucoid component of this malignant 
tumor. (b) ADC map of the right thigh regions shows 

water-rich lesion with mean ADC of 1.67 × 10−3 mm2/s, 
suggestive for myxoid tissue with high mucin and low 
collagen contents, which allows more random movements 
of water molecules resulting in higher ADC value
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resulting in considerable overlap between the 
ADC values of benign and malignant myxoid 
tumors.

5.2.2.3  Monitoring the Treatment 
Response

Diffusion MRI can also be used to estimate resid-
ual tumor activity after treatment and to detect 
recurrences at an early stage when curative treat-
ment is still possible. Differentiating treatment- 
related tissue changes from residual or recurrent 
tumor tissue is a common problem, given the lack 
of specificity of the signal abnormalities by stan-
dard MRI (low signal on T1 images and high sig-
nal on T2 images). Diffusion shows larger 
increases in diffusion in foci of treatment-related 
tumor necrosis than in viable tumor remnants or 
recurrences. Solid tumors are characterized by 
high cellularity and intact cell membranes, con-
trasting with the lower cellularity and membrane 
damage seen in treatment-altered tissues [82]. 
Further studies are necessary to determine the 
optimum shortest delay necessary to detect a 
response to chemotherapy.

5.3  Proton Nuclear MR 
Spectroscopy

Proton NMR spectroscopy is not routinely per-
formed for the evaluation of soft tissue tumors 
but can be used to characterize the molecules 
present in malignant musculoskeletal tumors [83, 
84]. The lesions are characterized based on their 
metabolic constituents, such as choline, a phos-
pholipid found in the cell membrane. An 
increased proportion of choline indicates 
 accelerated cell membrane turnover, which is an 
indirect marker for malignancy [83, 84]. Proton 
NMR spectroscopy has been used in bone and 
soft tissue tumors, breast cancer, prostate cancer, 
and cervical cancer. The results differentiate 
malignant from benign musculoskeletal tumors 
[83, 84]. Proton NMR spectroscopy results can 
be translated into pixel intensity maps based on 
the relative signal from the metabolite (water, 
choline, creatine, and lipids), using multi-voxel 
and single-voxel techniques. Multi-voxel proton 

NMR spectroscopy has been proved feasible for 
characterizing musculoskeletal tumors [84]. The 
ROIs must be painstakingly positioned at sites of 
early marked enhancement that do not contain 
bony structures, necrotic or hemorrhagic foci, 
calcifications, fat, or muscle. For tumors exhibit-
ing weak and slow enhancement or no enhance-
ment after 5 min, the voxel is positioned at sites 
of delayed enhancement. The choline peak serves 
to differentiate benign and malignant tumors. A 
choline peak is in favor of a malignant lesion but 
can be found in metabolically active benign 
lesions and in abscesses [83, 85]. A lipid peak is 
usually visible in abscess walls, solid compo-
nents of malignant masses, and treated tumors, 
where it reflects cell membrane turnover. Care 
should be taken to avoid peak contamination by 
neighboring structures, as well as excessive 
noise.

 Conclusions

Dynamic MRI is a promising method of 
physiological imaging which provides clini-
cally useful information, by depicting tissue 
vascularization and perfusion, capillary per-
meability, and composition of the interstitial 
space. The most important applications in 
the musculoskeletal system are an indication 
of the biopsy site, tissue characterization, 
monitoring of preoperative chemotherapy, 
and detection of residual or recurrent tumor 
tissue.

Key Points

 1. Dynamic contrast-enhanced imaging 
can be performed in less than 5 min and 
provides information on tissue vascular-
ization, perfusion, and capillary perme-
ability during the first pass of the 
contrast medium and on the interstitial 
space after the first pass.

 2. Diffusion MR provides information on 
tissue cellularity and water motion.

 3. Proton NMR spectroscopy detects 
water, choline, creatine, and lipids.
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6.1  Introduction

Soft tissue tumors are rare entities which results 
in difficulties defining the right criteria for a cor-
rect diagnosis. Although they comprise <1 % of 
all adult malignancies and 12 % of pediatric can-
cers, there exists more than 100 benign and 
malignant subtypes [1, 2], which makes those 
tumors diagnostically challenging and difficult. 
The role of the pathologist is to differentiate 
malignant from benign tumors and pseudotu-
mors. There are also entities such as solitary 
fibrous tumor, whose prognosis is from patho-
logic point of view unpredictable. If possible, 
subclassification of the lesion will add to a more 
specific and correct diagnosis, and of course in 
cases of malignancy, histologic grade is very 
important as it has been shown to be one of the 
best predictors of outcome, including both meta-
static risk and disease-free survival, in adult soft 
tissue sarcomas [3–10].

Immunohistochemistry came to support and 
enhance the role of the histomorphology. Over 
the years this has led to a better understanding of 
the tumor’s nature by indentifying and specifying 
the cell lineage of the particular lesions which 
resulted in further classification of the tumors. 
Nevertheless, no immunohistochemical staining 
is specific to a single lesion or cell type; there-
fore, the need for new diagnostic strategies 
became necessary.

In recent years the advances in cytogenetic 
and molecular pathology have not only helped 
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us understand the underlying biology of these 
neoplasms but have also proven to be powerful 
diagnostic and predictive markers.

It has to be emphasized that the final diagnosis 
is made based not only on pathologic data as clini-
cal and radiological information are equally impor-
tant. Especially in cases of biopsy, radiology 
provides to the pathologist very important informa-
tion about location, size, consistency, growth pat-
tern, presence or absence of necrosis, etc. A typical 
example is myxoid liposarcomas that almost never 
occur primarily in the retroperitoneum. Without 
knowledge of clinical and imaging data, the pathol-
ogist could make a wrong diagnosis. Decision 
about diagnosis and treatment options requires 
therefore a multidisciplinary approach.

6.2  Tissue Sampling

6.2.1  Adequate Tissue Sampling

A pathologist quote “tissue is the issue” empha-
sizes the importance of adequate tissue sampling 
for a correct diagnosis. Adequate tissue means 
first of all representative tumor material. Many 
tumors are inhomogeneous, containing low- and 
high-grade areas, which means that material from 
different areas of the tumor is needed for the cor-
rect diagnosis and also for the correct grading of 
the tumor. Biopsy material containing exclu-
sively low-grade areas may create diagnostic 
confusion as whether the tumor is benign or 
malignant. These can lead to erroneous treatment 
choices. Necrosis is also a predominant feature of 
many malignant soft tissue lesions; the presence 
of necrotic components in the biopsy specimen 
could – in addition to tumor morphology – indi-
cate malignancy. On the other hand, if the biopsy 
sample consists solely of necrosis, the tissue is 
inappropriate for further assessment, as it does 
not allow evaluation of the cellular components. 
In cases of tumors treated with chemo- and/or 
radiotherapy, the presence and percentage of 
necrosis indicate response to the particular ther-
apy. Therefore, the presence of necrosis in the 
sample could in many cases be of diagnostic and 

prognostic value. Adequate tissue means also 
enough amount of tumor material in order to per-
form special techniques, such as immunohisto-
chemistry and molecular testing, for further (sub)
classification of the lesion. This underscores the 
need for appropriate cooperation between pathol-
ogists and radiologists for choosing the tumor 
areas that are best suited for sampling.

Of the techniques used for this purpose, the 
gold standard was open (incision) biopsy (IB). 
Given its high cost and complications, the need for 
other techniques has emerged. Nowadays, fine-
needle aspiration (FNA) and core biopsy (CB) are 
both increasingly used for diagnostic purposes 
mostly for superficial masses. As it is apparent, IB 
provides to the pathologist the best material in 
terms of adequacy [11–13]. CB provides also very 
good material for diagnosis, but in comparison to 
IB, tissue samples are more often nondiagnostic. 
FNA has also been used for the diagnosis of soft 
tissue tumors. Despite the fact that from clinical 
and radiological point of view, it may be a prefer-
able technique, it is not very useful for pathologic 
diagnosis. First of all, it does not provide insights 
into the architecture and the growth pattern of the 
tumor cells, which for soft tissue tumors is a very 
helpful and important diagnostic tool. Furthermore, 
given that most soft tissue tumors are solid masses, 
the amount of tumor cells extracted with this pro-
cedure can be very limited. If the tumor contains 
necrotic areas that are less firm due to loss of cell 
adhesion and presence of exudative material, it is 
likely that the sample will contain solely necrotic 
and inflammatory cells. For all of the abovemen-
tioned reasons, decision on the biopsy technique in 
each individual case should be discussed in the 
multidisciplinary team.

6.2.2  Treatment of the Fresh 
Material

Fresh tissue samples must be delivered to the 
pathology laboratory frozen and placed in a 
transport media to keep the cells alive or, in other 
way, deliver them as soon as possible to prevent 
autolysis of the cells.
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Whenever material arrives in a pathology lab-
oratory, it is treated appropriately according to 
the needs of each particular case. It can range 
from a tiny biopsy to a large specimen.

Biopsies are usually immediately fixated and 
proceeded for histologic examination. If the 
material is sufficient enough, tissue could be fro-
zen for the tumor bank. In case of excisional 
biopsies, the material has first to be macroscopi-
cally examined before proceeding to fixation.

There are seven major components in process-
ing a gross specimen:

 1. Reliable and rapid transfer of the specimen 
from surgery to pathology

 2. Accurate identification of all specimens
 3. Accurate description of original specimens
 4. Accurate description of additional specimens 

received from the same patient
 5. Recording normal and abnormal features of 

the specimen including markers (e.g., sutures) 
which orientate the specimens

 6. Special studies requested and/or needed
 7. The location from which specific sections of 

tissue are taken for histologic evaluation [14]

When received, the specimen has first to be 
oriented following the instructions of the surgeon 
(and the radiologist). The surface of the specimen 
is often covered with special ink that is preserved 
after fixation in order to mark the margins of the 
specimen. Different color inks can be used to 
identify different areas if needed. When sections 
are made and processed, the ink will mark the 
actual margin on the slide. This provides more 
accurate estimation of the excision margins. Both 
the specimen itself and the tumor have to be mea-
sured. Another very important step of macros-
copy is recognizing and describing the 
composition of the lesion. Tumors may show 
solid, myxoid, cystic, or necrotic areas that have 
to be macroscopically recognized and sampled 
for further microscopic evaluation. Those areas 
contain very important information regarding 
tumor type and grade. Whether the tumor is well 
demarcated or has infiltrative borders is an impor-
tant diagnostic parameter. For instance, schwan-

nomas are always very well demarcated and 
circumscribed, showing sometimes also a fine 
fibrous capsule on the surface (Fig. 6.1). Thus, if 
a neurogenic tumor shows infiltrative growth pat-
tern, it is unlikely to be a schwannoma. On the 
other hand, a desmoid tumor shows a characteris-
tic infiltrative growth pattern into the surrounding 
tissue (Fig. 6.2), making the complete excision of 
this otherwise benign tumor very difficult.

In most centers fresh frozen material will be 
stored apart for the Tumor Bank. Subsequently 
the remaining material will be fixated, embedded 
in paraffin blocks which will be used for further 
microscopic, immunohistochemic, and molecu-
lar evaluation of the tissue.

Fig. 6.1 HE, 100×. Schwannomas are well-demarcated 
lesions surrounded by a fine fibrous capsule (arrow)

Fig. 6.2 Macroscopic image of desmoid tumor (black 
arrow) infiltrating the surrounding adipose tissue (red 
arrow). The margins are demarcated with black ink (yel-
low arrow) (Color figure online)
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6.2.3  Fixation and Its Role 
to Diagnosis

Adequate fixation of the material plays a cru-
cial role in pathology in order to allow preser-
vation of the cells. Different fixatives have been 
used such as aldehydes, mercurials, alcohols, 
oxidizing agents, and picrates. Formaldehyde 
does not harm the proteins significantly, so that 
antigenicity is not lost. Therefore, formalde-
hyde is a good fixative for immunohistochemi-
cal techniques. In pathology the most widely 
used are 10 % and 4 % formaldehyde solutions. 
The latest has the ability to penetrate the tissue 
at a rate of 2–4 mm in 24 h [15]. Biopsies and 
small specimens will be fixated immediately, 
while bigger specimens have to be cut into thin-
ner slides of maximum 10 mm thickness in 
order for the fixative to penetrate the tissue. 
Fixation has to start soon (<30 min) after surgi-
cal removal of the tissue, and overfixation 
(>24–48 h) has to be avoided [16], since this 
can influence the immunoreactivity of tissue 
antigens [17]. Also delayed fixation is proven 
to influence the number of observable mitotic 
figures in tissues [18, 19].

Once the tissue is fixated, it will be embedded 
in paraffin and stored in blocks, where the tissue 
can remain for prolonged periods.

6.3  Role of Frozen Section 
in Soft Tissue Pathology

Frozen section is one of the most difficult and 
demanding procedures. It requires well-trained 
workforce and is costly. The pathologist has to 
be experienced in the evaluation of soft tissue 
pathology and to have a close cooperation 
with the surgeon and the radiologist. Based on 
a material which has not undergone fixation 
and without the ability of any ancillary inves-
tigation, the pathologist should provide a very 
specific answer in a limited period of time. 
The surgeon has therefore first to decide if a 
frozen section will anyway influence the sur-
gical procedure. If not, the procedure is not 
indicated [20].

The aim of a frozen section is to evaluate 
whether the biopsy specimen is representative of 
the lesion and sufficient enough for further per-
manent examination. An experienced pathologist 
can also determine the nature of the lesion, par-
ticularly to differentiate between benignity and 
malignancy. However, specific diagnosis and 
grading of the lesion depend on permanent 
 sections, and ancillary investigation may also be 
required for final diagnosis.

Gross specimens submitted for frozen section 
are examined to evaluate the resection margins in 
order to intraoperatively determine the level of 
excision or amputation.

Whenever a metastatic spread of the tumor is 
suspected radiologically, then a frozen section 
during surgery could determine whether the 
lesion is metastatic or not. As expected this 
requires knowledge of clinical and radiological 
data, emphasizing once more the need for the 
collaboration of the different specialties of the 
multidisciplinary team.

6.4  Tumor Bank

Nowadays, the role of targeted therapy is gain-
ing more and more importance, and individual-
ized therapy is one of the perspectives of 
cancer research. The aim is to restrict the use 
of drugs to those patients whose tumor 
expresses the target, thereby minimizing cost 
and morbidity. Until today macroscopy, light 
microscopy, and special techniques in pathol-
ogy are used to categorize the tumor and deter-
mine the stage. Scientists look forward to 
recognize specific biomarkers for each indi-
vidual patient that will predict the metastatic 
risk of his/her disease.

The primary objective of Tumor Bank is to 
collect high-quality biospecimens and associ-
ated clinical data to promote scientific cancer 
research.

The material that is used for this purpose is 
fresh tissue that is not needed anymore for patho-
logical examination, as pathology must not be 
compromised. The tissue is frozen in liquid nitro-
gen and stored in low temperature. It is very 
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important that the tissue will be proceeded for 
fixation immediately after removal from the 
human body, because ischemia can cause degra-
dation of biomarkers. Nevertheless it remains 
controversial if a prolonged time of cold isch-
emia after a long warm ischemia is of scientific 
importance [21]. Studies have indicated that the 
RNA does not change rapidly after tissues are 
removed from the body [22–24] and that degra-
dation of RNA happens more extensively at the 
time of warm ischemia when the vascular supply 
to the organs is compromised.

When received, the tissue will be frozen in 
liquid nitrogen and stored in low temperature. 
Optimal storage temperature is of paramount 
importance for a high-quality tissue. It is 
shown that protein activity may persist at low 
temperatures, even below −80 C [25–31]. 
Therefore, storage at temperatures at which 
water particles are still mobile and proteins 
are still active will result in degradation of the 
biospecimen [32].

6.5  Role of Light Microscopy 
in the Diagnosis of Soft 
Tissue Tumors

6.5.1  Histology

Histology means examination of the tissue on a 
thin slide stained with hematoxylin and eosin 
(HE) and remains the gold standard for diagno-
sis. Histology provides information about the 
morphology and the architecture of the lesion. 
Soft tissue tumors in most cases infiltrate dif-
fusely, which is quite consistent for those tumors, 
in contrast to epithelioid neoplasms, where the 
cells usually form aggregates. There are of course 
exceptions to the rules, for instance, a biphasic 
synovial sarcoma contains also an epithelioid 
component that is composed of cell groups. On 
the other hand, an epithelioid neoplasm may also 
grow diffusely. Some tumors have a very charac-
teristic architecture; examples are solitary fibrous 
tumor that shows a distinctive “patternless pat-
tern,” schwannoma with also the distinctive 
Antoni A and Antoni B tissue, representing com-

pact areas alternating with loosely arranged foci 
of spindle cells (Fig. 6.3) and alveolar rhabdo-
myosarcoma with discrete nests with discohesive 
cells. As expected there are atypical forms of 
these tumors making their diagnosis more diffi-
cult and challenging. Of utmost importance is 
that lymphomas can also infiltrate diffusely; 
however, lymphomas have other morphological 
characteristics and a different clinico-radiologi-
cal presentation.

Cell type can be also recognized on histology. 
In general soft tissue tumors are composed of 
cells that are elongated or spindled and have 
eosinophilic cytoplasm and indistinctive cell bor-
ders (Fig. 6.4). The nucleus differs from case to 
case with the more aggressive and malignant 

Fig. 6.4 HE, 100×. DDLPS composed mainly of spindle 
cells without prominent pleomorphism. Centrally scant 
lipomatous component

Fig. 6.3 HE, 200×. Nuclear palisading around fibrillary 
process (Verocay bodies, arrow) in cellular area of a 
schwannoma
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tumors that demonstrate more pleomorphism 
with enlarged nuclei, abnormal nuclear mem-
brane, and sometimes an evident (macro)nucle-
olus. Multi nucleation may indicate an aggressive 
cell type, but one has to bear in mind that giant 
cells are also multinucleated and that some benign 
tumor cells can also merged into giant forms. 
Desmoid tumors exhibit at the edge of the lesion 
multinucleated cells with strong eosinophilic 
cytoplasm, which is nothing more than degenera-
tion of entrapped muscle cells when the tumor 
infiltrates between striated muscle (Fig. 6.5).

Not all soft tissue tumors are composed of 
spindle cells. Some neoplasms have an epitheli-
oid morphology, such as epithelioid sarcoma, 
making the diagnosis more complicated.

It is evident that beyond the morphology of 
the tumor and the cellular composition, there are 
also other elements that can lead to the diagnosis. 
Many neoplasms show a vascular pattern that in 
many cases is diagnostic for this neoplasm. Thus, 
a “chicken wire” vascular pattern is described in 
myxoid lipomas and liposarcomas and a 
hemangiopericytoma- like pattern in solitary 
fibrous tumor, while schwannomas show hyalin-
ization of the vascular wall.

Histology serves not only in tissue-specific 
diagnosis but plays also an important role in 
grading the tumor by recognizing and counting, 
for instance, the mitotic activity of the cells as 
well as identifying necrotic areas (Fig. 6.6). On 

histology one can also estimate the resection 
margins of a specimen.

Special histochemical techniques can be used 
to reveal material in the cell itself as well as in the 
tumor background (e.g., mucin). In alveolar soft 
part sarcoma (Fig. 6.7), the cells contain rod-
shaped intracytoplasmic crystals that can be eas-
ily demonstrated with PAS staining (Fig. 6.8), 
which is pathognomonic of the lesion.

6.5.2  Immunohistochemistry

As it is already mentioned, morphology is the 
gold standard of diagnosis. For many years the 
diagnosis is made solely on basis of the mor-

Fig. 6.5 HE, 40×. Desmoid tumor with characteristic 
infiltrating growth pattern in the surrounding fibro- 
adipose tissue

Fig. 6.6 HE, 400×. A case of a small blue round cell 
tumor (in this case alveolar rhabdomyosarcoma) with a 
central area of necrosis (arrow)

Fig. 6.7 HE, 200×. Alveolar growth pattern in a case of 
alveolar soft part sarcoma
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phology. It is apparent that many of the subtypes 
that exist nowadays would not be recognized if 
there was no possibility of further examination. 
Immunohistochemistry uses antibodies that are 
specific to epitopes located on the cells of inter-
est. The antibodies are not specific for malig-
nancy with some exceptions that will be 
discussed further. That means antibodies indi-
cate the type of cell differentiation in nonmalig-
nant cells but also in tumor cells arising from 
this type, which will also stain for the same anti-
body. For instance, endothelial cells stain for 
CD31; thus, angiosarcomas will stain for the 
same marker. Combining morphology and 
immunohistochemistry may allow a more pre-
cise diagnosis. However, many tumors present 
nonspecific positive staining for markers of 
another differentiation lineage, and unfortu-
nately most antibodies are not specific to one 
differentiation line. A typical example is S100, 
an antibody that is widely used in everyday 
practice. In soft tissue pathology, S100 is known 
for its strong and diffuse positivity in schwan-
nomas (Fig. 6.9). It stains in neural crest-derived 
tissue (such as Schwann cells, melanocytes, 
glial cells), in adipocytes, chondrocytes, den-
dritic cells, Langerhans cells, macrophages, and 
myoepithelial and melanocytic cells. This 
makes things complicated because an undiffer-
entiated tumor with S100 positivity comprises a 
wide differential diagnosis. Furthermore, tumor 

cells can lose the antibody expression that 
reveals the differentiation line, making some-
times the diagnosis impossible or one of exclu-
sion. Less than half of the malignant peripheral 
nerve sheath tumors (MPNSTs) stain positive 
for S100, and the staining is usually focal. 
Diffuse staining for S100 is rarely compatible 
with conventional MPNSTs and should raise the 
possibility of other tumors [2].

It is thus of paramount importance to have 
immunohistochemical markers that are specific 
and sensitive for the different lines of cell dif-
ferentiation or for the different tumor types. 
Nowadays, new antibodies have been added in 
the armamentarium of a soft tissue pathologist. 
Some of the most important ones are anti-
MDM2 and CDK4. Atypical lipomatous tumor/
well- differentiated liposarcoma (ALT/WDLPS) 
and dedifferentiated liposarcoma (DDLPS) dis-
play amplification of MDM2 and CDK4 genes 
that are located in chromosome 12q13-15. By 
immunohistochemistry, overexpression of 
MDM2 and CDK4 is indicated by nuclear stain-
ing for the corresponding antibodies (Fig. 6.10). 
This positivity is very sensitive for ALT/
WDLPS and DDLPS and shows a strong corre-
lation with the gene amplification status [33]. 
Still, as the majority of antibodies are used in 
pathology, they are not specific to these entities. 
It has been shown that intimal sarcomas of pul-

Fig. 6.8 PAS, 400×. Alveolar soft part sarcoma with rod-
shaped intracytoplasmic crystals (arrow)

Fig. 6.9 S100 (DAB), 100×. Strong and diffuse, nuclear, 
and cytoplasmic staining in all tumoral cells, characteris-
tic of a schwannoma
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monary artery show consistent genetic alteration 
(gains and amplifications in the 12q13-14 region) 
and overexpression of the MDM2 gene [34]. 
Very recently it has been demonstrated that 
almost half of the MPNSTs exhibit loss of his-
tone H3K27 trimethylation (H3K27me3) which 
can be highlighted immunohistochemically by 
loss of nuclear staining for the corresponding 
antibody. H3K27me3 loss although not very sen-
sitive is a highly specific marker for malignant 
peripheral nerve sheath tumor, and immunohisto-
chemistry may be useful in differential diagnosis 
from other high-grade spindle cell sarcomas [35].

There are many novel antibodies with very 
promising results in defining diagnosis, but one 

has to be aware of their limitations, as most of 
them are not entirely specific to one entity or 
 differentiation line.

Jason Hornick et al. separated the novel 
 antibodies into three categories: (1) lineage-
restricted transcription factors, (2) protein cor-
relates of molecular alterations, and (3) 
diagnostic markers identified by gene expression 
profiling [36], emphasizing on a close correla-
tion of the immunohistochemical profile to the 
cytogenetic and molecular events in the tumors 
(Table 6.1) (Figs. 6.9, 6.10, 6.11 and 6.12).

6.6  Role of Genetics 
and Molecular Studies 
in the Diagnoses of Soft 
Tissue Tumors

6.6.1  Genetic Alterations in Soft 
Tissue Tumors

Over the last few decades, remarkable advances 
are made in the understanding of molecular 
 biology of the tumors. This paved the way for 
improving our diagnostic effectiveness, by defin-
ing the underlying genes and the corresponding 
pathways involved in tumorigenesis. Already in 
the previous WHO edition of 2002, 11 % of all 
benign and malignant tumors presented with a 
karyotypic abnormality, whereas an additional 
19 % was also described in the corresponding 
molecular findings [37].

Fig. 6.11 Myogenin (DAB), 200×. Nuclear staining in 
almost every tumor cell in a case of alveolar 
rhabdomyosarcoma

Fig. 6.12 DOG1 (DAB), 100×. This staining is very spe-
cific for GISTs

Fig. 6.10 MDM2 (DAB), 200×. Core needle biopsy with 
nuclear immunoreactivity of the cells for MDM2. Case of 
a WDLPS
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Many soft tissue tumors harbor a recurrent 
chromosomal translocation caused by rearrange-
ment of part of genes between nonhomologous 
chromosomes. This event lead to development of 
fusion genes which in turn encodes altered pro-
teins that are oncogenic. The most extensively 
studied translocations relate to Ewing sarcoma. 
The majority of these sarcomas demonstrate rear-
rangement between chromosomes 11 and 22, 
namely, a t(11;22)(q24;q12) [38] or a t(11;22)
(q22;q12) [39] rearrangement that results in 
EWSR1-FLI1 or EWSR1-ERG fusion gene, 
respectively. The EWSR1 gene located in the q12 
domain of chromosome 22 can rarely present 
translocations with different partner genes 
located at different chromosomes resulting in a 
number of other fusion proteins which are also 
described in Ewing sarcoma [40]. In addition, 
EWSR1 gene translocations are involved in a 
variety of non-Ewing sarcomas. For instance, 
myxoid liposarcoma can show a t(12;22)
(q13;q12) reciprocal translocation resulting in a 
EWSR1-CHOP fusion protein [41].

Another molecular event that is observed in 
sarcomas is gene amplification. The most illus-
trative examples are atypical lipomatous tumor/
well-differentiated liposarcoma (ALT/WDLPS) 

and dedifferentiated liposarcoma (DDLPS). 
These entities are characterized by amplified 
sequences in the region q14-15 of chromosome 
12 where are located the murine double minute 
(MDM2) and the cyclin-dependent kinase 4 
(CDK4) genes. Co-amplification of those genes 
represents the hallmark for ALT/WDLPS and 
DDLPS [42], although recently it has also been 
described in other entities as well, such as inti-
mal sarcoma to name one [43].

A gene mutation is a permanent alteration in 
the DNA sequence that makes up a gene. It can 
affect a single base pair or larger segments of the 
DNA band. Gastrointestinal stromal tumor 
(GIST) is a mesenchymal neoplasm that is 
believed to arise from or is differentiated toward 
interstitial cell of Cajal. It is proven that these 
neoplasms can harbor a somatic oncogenetically 
activating mutation. The vast majority demon-
strate KIT (which is a proto-oncogene receptor 
tyrosine kinase) mutations on exon 11. This can 
be an insertion, a deletion, or a missense muta-
tion. After this initial discovery, three other less 
frequent hot spots came into light, regarding 
exons 9, 13, and 17 [44]. PDGFRA gene encodes 
platelet-derived growth factor receptor A. A 
small percentage of GIST that does not show KIT 
mutations can demonstrate a PDGFRA mutation. 
The exons involved in this case are 12, 14, and 18 
with the last being the most common one [44]. 
Both KIT and PDGFRA are driver mutations and 
are presumed to be the initiating oncogenic event. 
These mutations are mutually exclusive, namely, 
when one happens, the other is not present. The 
overall mutation frequency for KIT and PDGFA 
is 86 % with 14 % being wild type. Nowadays it is 
known that many of those wild-type GISTs con-
tain another mutation, with most extensively 
described the BRAF V600E mutation [44].

From a genetical point of view, sarcomas are 
divided in two groups. First is the group with a 
simple karyotype that presents one main genetic 
alteration. As previously described, this altera-
tion can be either a somatic mutation, or a gene 
amplification, or a recurrent translocation, or 
even an intergene deletion. Second are those 
presenting with more complex karyotypes [37, 

Table 6.1 Immunohistochemical antibodies and most 
common expression in soft tissue

Immuunohistochemical 
marker Soft tissue type

Myogenin, MyoD1 Skeletal muscle 
differentiation

ERG Endothelial cells

Brachyury Chordoma

β-catenin Desmoid tumor

INI1(loss of 
expression)

Epithelioid sarcoma

STAT6 Solitary fibrous tumor

DOG1 GIST

ALK Inflammatory 
myofibroblastic tumor

MDM2/CDK4 ALT/WDLPS/DDLPS

MUC4 Low-grade fibromyxoid 
sarcoma

GLUT1 Congenital vascular 
malformation
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45–48]. This last group represents almost two-
thirds of soft tissue sarcomas and shows aber-
rant chromosomal events but no recurrent 
reciprocal translocations. Most demonstrate 
mutations involving p53 gene and retinoblas-
toma gene [45, 46, 48].

6.6.2  Molecular Techniques 
in Clinical Practice

Three main technical approaches are nowadays 
used in clinical practice regarding soft tissue 
tumors. Those are conventional cytogenetic 
 analysis, fluorescence in situ hybridization 
(FISH) and Reverse Transcription Polymerase 
Chain Reaction (RT-PCR) [37, 45].

Conventional cytogenetic analysis or simply 
karyotyping aims to detect numerical and/or large 
structural chromosome abnormalities in meta-
phase cells. Both primary and secondary changes 
can be identified. This study is limited to fresh, 
not fixated, sterile tumor tissue and demands spe-
cial culture for the tumor cells to grow.

FISH detects the presence, absence, relative 
positioning, and/or the copy number of specific 
DNA segments by fluorescence microscopy. It 
can be performed on either fresh or formalin- 

fixed and paraffin-embedded (FFPE) tissue. In 
contrast to the karyotyping, this method 
requires the knowledge of the specific target 
examined. FISH testing uses dual-color/fusion 
or dual- color/break-apart probes to detect spe-
cific rearrangements, involving a variety of 
translocation events (Fig. 6.13). There are also 
the locus-specific probes coupled with a control 
probe usually pointing the centromere of the 
chromosome and aim to identify gene amplifi-
cations or losses.

RT-PCR uses specific primers to copy or 
amplify a small section of a DNA or RNA 
sequence. It is quick and simple and can be per-
formed on either snap-frozen or FFPE material. Its 
role in soft tissue pathology is to identify chimeric 
or fusion genes as well as oncogenic mutations.

Next-generation sequencing (NGS) takes 
nowadays more and more part in molecular biol-
ogy of human tissue. It is a high-throughput DNA 
sequencing technique that aims to investigate 
simultaneously in the same specimen a large 
number of mutation genes that are proven to 
cause tumorigenesis. It can be performed on 
FFPE tissue which makes this technique even 
more applicable. The advantage of this technique 
is that different genetic aberrations can be tested 
simultaneously. This technique requires high- 
quality DNA/RNA.

6.6.3  Role of Molecular Biology 
in Soft Tissue Tumors

6.6.3.1  Diagnosis
The ultimate goal of the pathologist is to give the 
lesion a name. This happens through three main 
steps. The first step consists of seeing and recog-
nizing. That means for an experienced patholo-
gist to recognize immediately the morphology 
that is unique for the lesion and allows him (or 
her) to classify it as such. Secondly, when the 
morphology is not typical enough and creates 
diagnostic doubts to the pathologist, the use of 
immunohistochemistry is mandatory. In any case 
a confident diagnosis is made by correlating 

Fig. 6.13 FISH by synovial sarcoma. SYT break-apart 
probe, showing splitting of red and green signals (By  
Dr. Karen Zwaenepoel, biomedical scientist, department 
of pathology, University Hospital of Antwerp) (Color figure 
online)
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pathological findings with the clinical and radio-
logical image.

Yet for a relative large amount of entities, the 
diagnosis remains very difficult, as they  
present with similar morphological and 
immunohistochemical characteristics. For 
instance, most soft tissue neoplasms present 
with a spindle cell  morphology. A monophasic 
synovial sarcoma is thus a spindle cell neoplasm 
with no striking pleomorphism and with no spe-
cific immunohistochemical profile. It can be 
positive for CD99 which is also expressed in a 
large variety of other tumors. The expression of 
EMA and cytokeratin can be very limited or 
even absent in cases of monophasic synovial sar-
coma. Given the right clinical and radiological 
information, one can suspect the diagnosis. The 
identification of the molecular event that hap-
pens in these tumor is often necessary for estab-
lishing the definitive diagnosis: in this case a 
t(X;18) rearrangement results in a SS18-SSX 
fusion gene that is highly specific and sensitive 
for synovial sarcomas.

Moreover, molecular analysis can help to dif-
ferentiate between benign and not benign enti-
ties. For instance, a spindle cell/pleomorphic 
lipoma can sometimes be confused with an ALT/
WDLPS or rarely with DDLPS when the lipoma-
tous component is very scant. Co-amplification 
of the MDM2 and CDK4 genes is observed only 
in ALT/WDLPS and DDLPS, and in this way, a 
pleomorphic lipoma can be excluded.

Low-grade fibromyxoid sarcoma is a mor-
phological indolent entity consisting of slender, 
 spindle cells with alternating hypocellular areas, 
resembling perineurioma. More interestingly 
these tumors can express EMA, as do perineuri-
omas. In the past low-grade fibromyxoid sarco-
mas were often misdiagnosed as perineuriomas 
or other benign fibrous or neural proliferations. 
We now know that those are malignant tumors 
that eventually can metastasize even after 
decade(s). RT-PCR or FISH for detection of 
FUS-CREB3L2 fusion can be useful to distin-
guish those entities [45].

6.6.3.2  Prognosis
In addition the knowledge of the genetic profile 
of a tumor can be of prognostic value. Alveolar 
rhabdomyosarcoma (ARMS) is an aggressive 
malignant neoplasm of the childhood. There are 
two main fusion proteins described in ARMS, 
both involving FOXO1 on chromosome 13, 
either with PAX3 on chromosome 2 or with 
PAX7 on chromosome 1. The presence of a 
PAX3-FOXO1 fusion was associated with a 
worse prognosis compared to the PAX7-FOXO1 
fusion [37, 45, 47, 49, 50]. Moreover, ARMS 
without a PAX3- or PAX7-FOXO1 fusion had a 
more favorable outcome, similar to embryonal 
rhabdomyosarcomas when given therapy 
designed for intermediate-risk rhabdomyosarco-
mas [37, 51, 52].

In Ewing sarcomas type 1 EWS-FLI1 fusion, 
which is the most common fusion type, is a posi-
tive predictor of overall survival compared to 
other fusion types [45, 46, 53].

6.6.3.3  Treatment
Treatment of soft tissue tumors is a difficult task 
that requires a multidisciplinary approach with 
surgeons, radiologists, oncologists, and patholo-
gists. The gold standard of treatment is surgery 
for the excision of the lesion. Yet, in many cases 
of high-grade or unrespectable tumors, a combi-
nation with chemotherapy and/or radiotherapy 
must be considered. Advances in the understand-
ing of molecular mechanisms of soft tissue 
tumors can lead in the implementation of targeted 
therapy.

Imatinib mesylate, was originally developed 
to target BCR-ABL kinase in chronic myeloge-
nous leukemia. Imatinib can also inhibit a small 
number of related kinases, such as KIT, PDGFRA, 
and PDGFB. The identification of KIT and 
PDGFA mutations in the majority of GISTs 
makes these tumors a good candidate for this 
therapy [44].

In addition, dermatofibrosarcoma protuberans 
(DFSPs) show a t(17;22)(q22;q13) translocation. 
This generates a COL1A1-PDGFB fusion gene 
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which results in the constitutional upregulation 
of PDGFB expression. DFSPs have hence been 
treated with imatinib with promising results [54] 
(Table 6.2).

6.7  World Health Organization 
(WHO) Classification 
of Tumors 2013

The WHO provides a classification of soft tis-
sue tumors essentially based on the line of dif-
ferentiation of each neoplasm. The advances in 
cytogenetic and molecular genetics have led to 
better understanding of some entities which in 
turn resulted in modifications in the new WHO 

book of 2013 [2]. This new classification and 
its implication for the radiologist will be further 
discussed in Chap. 11 of this book.

6.8  Pathology Grading 
and Staging

One of the most important objectives of pathol-
ogy in addition to tissue diagnosis or character-
ization is to determine the tumors aggressiveness, 
namely, its metastatic potential, as well as to 
 provide information about the most effective 
treatment for the patient. It is shown that grade 
and stage are better predictors of outcome than 
histologic type.

Table 6.2 Current genetics in soft tissue tumors

Soft tissue tumor Most common genetic alteration Gene(s) involved

Atypical lipomatous tumor/well- 
differentiated liposarcoma
Dedifferentiated liposarcoma

Amplified sequencing in the 
12q14-15 region

Amplification of MDM2 and 
CDK4 genes

Myxoid liposarcoma t(12;16)(q13;p11) FUS-DDIT3 fusion

Nodular fasciitis t(17;22)(p13;q13) MYH9-USP6 fusion

Desmoid-type fibromatosis Sporadic lesions: mutations in the gene encoding β-catenin 
(CTNNB1)
Gardner-type aFAP: mutations of the APC gene

Dermatofibrosarcoma protuberans t(17;22)(q22;q13) COL1A1-PDGFB fusion

Inflammatory myofibroblastic tumor 2p23 rearrangements with 
different partners

ALK gene

Low-grade fibromyxoid sarcoma t(7;16)(q33;p11) FUS-CREB3L2 fusion

Infantile fibrosarcoma t(12;15)(p13;q25) ETV6-NTRK3 fusion

Alveolar rhabdomyosarcoma t(2;13)(q35;q14)
t(1;13)(p36;q14)

PAX3-FOXO1A fusion
PAX7-FOXO1A fusion

Epithelioid hemangioendothelioma t(1;3)(p36;q25) WWTR1-CAMTA1 fusion

Gastrointestinal stromal tumor Mutations in the KIT and PDGFRA genes

Neurofibroma
Malignant peripheral nerve sheath tumor

In patients with NF1: involving 
the 17q11.2 region

Germline alterations of the NF1 
gene

Angiomatoid fibrous histiocytoma t(2;22)(q33;q12) EWSR1-CREB1 fusion

Myoepithelioma t(6;22)(p21;q12)
t(1;22)(q23;q12)

EWSR1-POU5F1 fusion
EWSR1-PBX1 fusion

Synovial sarcoma t(X;18)(p11;q11) SS18-SSX(1,2 or 4)

Alveolar soft part sarcoma t(X;17)(p11;q25) TFE3-ASPL fusion

Clear cell sarcoma of soft tissue t(12;22)(q13;q12) EWSR1-ATF1 fusion

Extraskeletal myxoid chondrosarcoma t(9;22)(q22;q12) EWSR1-NR4A3 fusion

Desmoplastic small round cell tumor t(11;22)(p13;q12) EWSR1-WT1 fusion

Intimal sarcoma Amplified sequencing in the 
12q12-15 region

Amplification of MDM2 and 
CDK4 genes

Ewing sarcoma/primitive neuroectodermal 
tumor (PNET)

t(11;22)(q24;q12)
t(21;22)(q22;q12)

EWSR1-FLI1 fusion
EWSR1-ERG fusion

aFamilial adenomatous polyposis
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6.8.1  Common Used Grading 
Classifications

There are two main grading systems, provided by 
the National Cancer Institute (NCI) [55] and the 
Fédèration Nationale des Centres de Lutte Contre 
le Cancer (FNCLCC) [56]. NCI is based on his-
tologic type, location, and necrosis, while 
FNCLCC is based on histologic type/ 
differentiation,  necrosis, and mitotic activity. 
Both are three-grade system, where grade 1 rep-
resents the most and grade 3 the least favorable 
edge of the scale. In a comparative study, the 
FNCLCC system showed slightly increased abil-
ity to predict distant metastasis development and 
tumor mortality [57]. The weakness of this sys-
tem is the definition of differentiation, since some 
tumors have no normal tissue counterpart, e.g., 
epithelioid sarcoma [58]. Mitotic activity is 
counted in ten consecutive high-power fields 
(HPF) in a hot spot area. Hypocellular areas as 
well as areas with necrosis and ulceration should 
be avoided [3] as the number of mitosis in those 
last ones can be misleadingly increased. Fixation 
status as previously mentioned can also affect the 
number of mitoses. Necrosis should be evaluated 
macroscopically and microscopically. One has to 
bear in mind that previous chemotherapy or radi-
ation therapy can influence grading by reducing 
the amount of mitoses and increasing necrosis.

Grading should not be applied to tumors of 
intermediate malignancy. Furthermore, there are 
some rare sarcomas, such as epithelioid sarcoma, 
clear cell sarcoma, and alveolar soft part sarcoma, 
that are very difficult to grade. It seems that for 
those types, the histologic classification plays a 
more important role than grade in prognosis. The 
same applies to pediatric sarcomas, namely, rhab-
domyosarcomas and Ewing/PNET tumors [3, 58]. 
Especially for rhabdomyosarcomas, subclassifica-
tion provides also prognostic information, as botry-
oid and spindle cell/sclerosing show better clinical 
outcome than alveolar rhabdomyosarcoma.

The application of grade on core needle biop-
sies has been an issue of controversy over the 
years. With the universal use of core needle 
biopsy, pathologists are more and more asked to 
apply a grading system on a restricted amount of 
material. Although studies have shown that  

Tru- cut biopsy is sensitive and sensitive in sub-
typing and grading soft tissue sarcomas [59], this 
of course depends on how representative is the 
tissue sample. Given that the same tumor can 
show different degrees of differentiation ranging 
from low to high grade, it is obvious that only 
high- grade tumors can be successfully graded. A 
seemingly histologically low-grade tumor can 
radiologically show high-grade features. 
Moreover, some tumors may show high mitotic 
rate indicating malignancy but are otherwise 
benign in nature (e.g., nodular fasciitis) and 
therefore excluded from grading. Like previously 
mentioned, the final report depends largely on 
correlation with the clinical and imaging data, 
and multidisciplinary approach is therefore rec-
ommended in this regard (Table 6.3).

6.8.2  Staging

The staging system that is widely used is the 
TNM classification. The letter “T” refers to the 
characteristics of the tumor, “N” stands for the 
lymph nodes status, and “M” stands for the pres-

Table 6.3 FNCLCC grading system: definition of 
parameters

Tumor differentiation

Score 1: Sarcomas closely resembling normal adult 
mesenchymal tissue (e.g., well-differentiated 
liposarcoma)

Score 2: Sarcomas for which histologic typing is 
certain (e.g., myxoid liposarcoma)

Score 3: Embryonal and undifferentiated sarcomas, 
sarcomas of doubtful type, synovial sarcomas, 
osteosarcomas, PNET

Mitotic count

Score 1: 0–9 mitoses per 10 HPFa

Score 2: 10–19 mitoses per 10 HPF

Score 3: ≥ 20 mitoses per 10 HPF

Tumor necrosis

Score 0: No necrosis

Score 1: <50 % tumor necrosis

Score 2: ≥50 % tumor necrosis

Histologic grade

Grade 1: Total score 2, 3

Grade 2: Total score 4, 5

Grade 3: Total score 6, 7, 8
aHPF high-power field
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ence or absence of metastasis. The “T” category 
includes the size and the depth of the lesion. The 
cutoff for size is the 5 cm maximum diameter of 
the lesion. Tumors that are 5 cm or less are clas-
sified as T1, while tumors more than 5 cm are 
classified as T2. T1 and T2 are subdivided into 
T1a and T2a for superficial located tumors and 
into T1b and T2b for deep-seated tumors. The 
anatomical margin between superficial and deep 
tumors is the superficial fascia.

One can use also the prefixes “m,” “r,” and “y.” 
“m” is applied for multiple tumors of the same 
type, “r” for recurrent, and “y” for tumors that 
have previously been treated.
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7.1  Introduction

Staging of soft tissue tumors frequently includes 
a biopsy that is mostly performed percutaneously 
using imaging guidance (ultrasound, (PET)–
computed tomography, or (PET)–magnetic reso-
nance imaging). A biopsy is necessary when the 
orthopedic surgeon and the radiologist believe 
they might be dealing with a progressive process, 
requiring intervention [27]. Any lesion that can-
not be unequivocally characterized by MRI as 
benign should be considered indeterminate and 
requires biopsy. Otherwise, unexpected manipu-
lation of a soft tissue sarcoma can influence its 
biological behavior and prognosis [33]. Moreover, 
biopsy of soft tissue tumors with large needles 
involves a risk of seeding malignant cells along 
the needle track. Because biopsy is considered 
part of the surgical therapy, en bloc resection of a 
malignant tumor with needle track is mostly 
needed [25]. For this reason, centralized referral 
should preferably be done from the time a sar-
coma is suspected, and it is recommended to per-
form the biopsy in the same hospital where the 
patient is treated.

7.2  Intra- Versus Extra- 
Compartmental Spread

Determination of whether the location and/or 
extension of a tumor is intracompartmental or 
extracompartmental is an important element in 
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staging. Extracompartmental spread and inadver-
tent tumor spread can be due to a poorly planned 
biopsy [1]. If uninvolved anatomic compartments 
are crossed to obtain the biopsy specimen, the 
result may be a more radical resection or even 
amputation. Therefore, knowledge of compart-
mental anatomy and discussion of the needle 
tract with the surgeon that will remove the lesion 
are mandatory for planning and performance of a 
percutaneous needle biopsy [3, 6]. For treatment 

of the different compartments of the upper and 
lower extremities, the reader is referred to the 
excellent article of Anderson et al. [3], whose 
cross-sectional diagrams of the different com-
partments are reprinted here (Fig. 7.1, 7.2, 7.3, 
7.4, and 7.5).

Generally, the skin and subcutaneous fat, 
bone, para-osseous spaces, and joint spaces are 
regarded as a compartment. For the upper extrem-
ity, the periclavicular region, axilla, antecubital 

Fig. 7.1 Cross section of 
the mid-upper arm shows 
contents of anterior and 
posterior compartments 
(Reprinted from Anderson 
et al. [3] with permission)

Fig. 7.2 Cross section of the mid-forearm shows contents of volar and dorsal compartments (Reprinted from Anderson 
et al. [3] with permission)
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fossa, wrist, and dorsum of the hand and for the 
lower extremity the groin, popliteal fossa, ankle, 
and dorsum of the foot are considered 
extracompartmental.

7.3  General Rules for Biopsy 
Safety

A CT scan with intravenous iodine contrast injec-
tion or MRI is performed to localize the lesion 
precisely and to plan and guide the biopsy [11]. 
Ultrasound with Doppler and sonoelastography 
may be used in superficial lesions [7]. The entry 
point and the pathway are determined, avoiding 
nerve, vascular, articular, and visceral structures 
(Fig 7.6).

General principles for safe percutaneous 
biopsy include:

 1. The shortest path between the skin and the 
lesion should be chosen.

 2. The needle should not traverse an uninvolved 
compartment.

 3. Joint and neurovascular bundles should be 
avoided.

 4. The anticipated needle path should be dis-
cussed with the surgeon who will be perform-
ing the definitive surgery (Fig.7.7).

7.4  Diagnostic Accuracy

Percutaneous musculoskeletal biopsy (PMSB) 
can be performed by fine-needle aspiration 
biopsy (FNAB), core needle biopsy (CNB), or 
open (incisional) biopsy. Excisional biopsy 
should be used only for small lesions (<3 cm) or 
when the radiologist is convinced that the lesion 
is benign [7, 10, 20].

It is now generally accepted that in nonhomo-
geneous lesions, biopsy should be planned to 
include vital tumor tissue that is characterized by 
angiogenesis on Doppler ultrasound, contrast 

a b

c

Fig. 7.3 (a–c) Cross section of the thigh shows contents 
and relative positions of anterior, medial, and posterior 
compartments at these levels. (a) Proximal thigh, (b) mid- 

thigh, c distal thigh (Reprinted from Anderson et al. [3] 
with permission)
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a

b

Fig. 7.4 (a, b) Lower leg. 
Cross section of the (a) 
proximal calf and (b) 
mid-calf shows contents of 
anterior, deep posterior, 
posterior, and lateral 
compartments (Reprinted 
from Anderson et al. [3] 
with permission)

Fig. 7.5 Cross section of 
the foot shows contents of 
medial, central, and lateral 
compartments (Reprinted 
from Anderson et al. [3] 
with permission)
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enhancement on CT, or MRI and/or nuclear 
activity on PET imaging. To improve accuracy 
two or multiple samples might be taken at differ-
ent locations including morphologic different 
lesion characteristics.

Open surgical biopsy is advocated by Huvos 
[19], who claims that only an adequate amount of 
removed tissue will allow for a maximal diagnos-
tic benefit.

Kilpatrick et al. [23] used fine-needle aspi-
ration biopsy (FNAB) and obtained a histoge-
netically specific diagnosis in 93 % of cases of 
pediatric bone and soft tissue tumors, all of which 
were correctly recognized as either benign or 
malignant. In adults FNAB is recommended for 
diagnosis of tumors in the head and neck region 
[30] and whenever direct incisional biopsy is con-
traindicated [10, 13]. Gonzalez [13, 14] reported 
a specificity of FNAB of more than 90 %, the 
method being most effective when performed 
by an experienced pathologist. Concordance 
between FNAB histopathological and cytologic 
grading in musculoskeletal sarcomas treated by 

FNAB was studied by Jones et al. Although a sta-
tistically significant correlation between cytolog-
ically assigned grade and final histopathological 
grade is found, statistical analysis revealed only 
a moderate correlation between the two with an 
overall r value of approximately 0.57. Cytological 
analysis tended to undergrade in comparison to 
final histopathological grading. FNAB was mod-
erately successful at predicting histopathological 
grading. Only analysis of nuclear atypia showed 
good correlation with final surgical grade [21].

Skrzynski et al. [31] performed a prospective 
study on the value of closed core needle biopsy 
(CNB) in 62 patients with soft tissue tumors or 
bone tumors with soft tissue extension. The diag-
nostic accuracy was 84 % or 96 %, respectively, 
for groups of patients who underwent open biopsy 
performed by the same surgeon. Disadvantages 
include a nondiagnostic biopsy, indeterminate 
biopsy, and potential errors in histological grade. 
The hospital charges for a closed core biopsy were 
$1106 compared with $7234 for an open biopsy! 
Comparable results are reported by Hodge [16] 
with a diagnostic accuracy of 76.9 %.

Bennert [4] evaluated the diagnostic yield of 
FNAB relative to that of CNB in 117 patients 
with soft tissue lesions (STL). FNAB was unsat-
isfactory in 44 patients, 22 of whom were cor-
rectly diagnosed with CNB. The author’s 
conclusion was that FNAB gave a yield identical 
to that of CNB and that unsatisfactory FNAB 
should prompt further evaluation by CNB.

Hau et al. [15] studied the accuracy of 
CT-guided FNAB relative to CNB in a large num-
ber of patients (N = 359) with musculoskeletal 
lesions. They found an overall accuracy of 71 %, 
i.e., 63 % for FNAB (N = 101) and 74 % for CNB 
(N = 258). Biopsies of 81 pelvic lesions had a 
higher rate of diagnostic accuracy (81 %) compared 
to non-pelvic sites (68 %). The lowest accuracy 
(61 % and 50 %, respectively) was noted in lesions 
of the spine and infectious diseases [15].

The best results were reported by Dupuy 
et al. [9], who performed 176 CNB and 45 
FNAB of musculoskeletal neoplasms under CT 
guidance. They obtained an accuracy of 93 % 
for CNB and 80 % for FNAB. Complication rate 
was less than 1 %.

Fig. 7.6 Percutaneous core needle biopsy, with CT guid-
ance, of a deeply seated mass lesion with intralesional 
calcification. Histologic examination revealed a myositis 
ossificans. Control examination after conservative therapy 
showed more typical, zonal calcification of the lesion
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In a recent prospective study on categorizing 
(malignant–benign) and grading of 18 soft tissue 
tumors by Kaur et al. by biopsy with FNAB and 
CNB, FNAB had a categorizing specificity of 
90.9 % and CNB a specificity of 100 %. Cytologic 
grade was concordant with CNB in 81.1 %. They 

conclude that FNAB and CNB alleviate the need 
for an open biopsy in diagnosing and grading of 
musculoskeletal neoplasms [22]. Strauss et al. in 
a prospective study on 530 patients CNB could 
differentiate soft tissue sarcomas from benign 
soft tissue tumors with an accuracy of 97.6 %. 

a

b c

Fig. 7.7 (a–c) Small, pigmented villonodular synovitis 
(PVNS) in a young female patient at the right popliteal 
space. (a) MRI of both knees in supine position, axial 
spin-echo T1-weighted image with fat suppression (FS) 
and after intravenous gadolinium-DTPA administration. 
A small, markedly enhancing mass lesion at the left pop-
liteal space adjacent to the popliteal neurovascular struc-
tures is seen (white arrow). (b) Computed tomography of 
the left knee, axial plane in prone position with soft tissue 
window and level settings and after intravenous adminis-

tration of iodinated contrast material. The nonenhancing, 
hypointense mass lesion is seen at the lateral aspect of the 
enhancing popliteal neurovascular bundle (circle). Entry 
point in relation to an external radiopaque marker is mea-
sured (arrowheads); biopsy pathway (arrow) and skin-to- 
lesion interval and skin to deepest margin of the lesion 
(braces) are determined. (c) Computed tomography of the 
left knee after insertion of biopsy needle, comparable 
axial plane, verification of needle position before cut
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High-grade lesions were differentiated from low- 
grade sarcomas with an accuracy of 86.3 % [32].

Ray-Coquard et al. evaluated CNB in 110 STS 
patients. They found lower sensitivity in low- 
grade sarcomas (85 %) compared to high-grade 
sarcomas (100 %). Histological grading on CNB 
seems hardly feasible, except for grade III tumors 
[28]. Didolkar et al. concluded that CNB in 
malignant MSK lesions had a higher diagnostic 
yield of 94 % compared to benign lesions with a 
diagnostic yield of 58 % [8]. This is in contradis-
tinction with a study performed in our institution 
in which the accuracy of PMSB (bone and soft 
tissue lesions) was higher in benign lesions 

(90.2 %) compared to 86 % for malignant lesions. 
This study performed in our institution in 2012 
compared surgical open biopsy, CT-guided CNB, 
and PET–CT-guided CNB in 149 musculoskele-
tal lesions (36 soft tissue lesions (STL) and 113 
bone lesions (BL)). In PET–CT-guided biopsy, 
the biopsy was performed during the PET exami-
nation at the area in the tumor of most intense 
radiolabeling with PET–CT-fused images to 
prove the needle localization (Fig. 7.8). 
Characterization and grading accuracy was, 
respectively, 80.5 %/90.2 % for surgical biopsy, 
88.2 %/95.6 % for CT-guided biopsy, and 
92.5 %/95 % for PET–CT-guided biopsy. For 

Fig. 7.8 A 40-three-year-old male patient with mass at 
the left shoulder. Subacromiosubdeltoid mass was 
detected on ultrasound and subsequent MRI examination. 
PET–CT-guided biopsy is performed with Spirotome nee-
dle (10G) with pathway anteriorly in the axial and sagittal 
plane. The sample location was defined at the area of most 

intense radiolabeling (red area on PET). Axial, sagittal, 
and coronal PET–CT-fused images are made with the 
needle in position to prove the sample location at the area 
of most intense radiolabeling (AMIR). Pathology on 
biopsy and resection specimen revealed synovial cell 
sarcoma
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STL the characterization efficacy was 80 % for 
surgical biopsy, 77.8 % for CT-guided biopsy, 
and 88.2 % for PET–CT-guided biopsy. In our 
institution (Belgium), the cost of surgical biopsy 
ranges from €262 to 380, CT-guided biopsy €159 
to 296, and PET–CT-guided biopsy €530 to 667. 
We concluded that PET–CT-guided biopsy was 
not cost effective but that PET information, if 
available, should be used to determine the biopsy 
location in the specific area of most intense radio-
labeling. Surgical biopsy should only be per-
formed in case of inconclusive CT guided [12].

In case of impalpable soft tissue tumors, a 
needle containing a hookwire with an overbent 
hook that springs open when protruded beyond 
the needle top and anchors the wire in the lesion 
is positioned under ultrasound guidance and will 
facilitate excisional biopsy [29].

These authors demonstrate that diagnostic 
accuracy of PMSB is not only dependent on the 
used sampling technique but also of the location 
and the ultimate histological diagnosis of the 
lesion [22].

7.5  Immunohistochemistry

Considerable progress has been made in the clini-
cal and biological understanding of soft tissue sar-
comas. This has led to the launch of a new revised 
and extended WHO classification of soft tissue 
tumors in 2013, which integrates morphological 
data with the explosion of tumor-specific (cyto-)
genetics and molecular genetic information over 
the past 20 years [18]. Worldwide consensus has 
grown how to predict biological/clinical behavior 
based on a specific grading system and which spe-
cific types of tumors seem not to obey these rules. 
Immunohistochemical characterization plays a 
key role in the diagnostic work-up of STS. The 
determination line is not only crucial in order to 
ensure proper classification but also to provide 
predictive information. The new classification 
includes categorization of biological behavior 
which allows for two distinct types of interme-
diate malignancy, identified, respectively, as 
“locally aggressive” and “rarely metastasizing.” 
The uncertain line of differentiation in so-called 

angiomatoid MFH and extraskeletal myxoid chon-
drosarcoma has resulted in their reclassification 
into the chapter of tumors of uncertain differen-
tiation. The recent identification of tumor-specific 
drug targets by immunohistochemistry has had 
impact on specimen requirements and handling as 
well as laboratory standards [17]. Thus, these new 
insights influence sampling technique promot-
ing thick (≤14G) CNB samples at multiple sites 
in nonhomogeneous lesions. Tissue sample fixa-
tion is also adapted to permit immunohistochemi-
cal characterization. Acetic acid solutions are 
avoided because mitotic figures are hardly visible 
after treatment with 70 % acetic acid. Thus, for-
merly used technique with alcohol–formalin–ace-
tic acid (AFA) fixation is abandoned [5]. Actually 
a buffered 4 % dilution of formalin (NF4) is rec-
ommended for tissue samples (CNB), and an 
alcoholic solution (Saccomano or CytoLyt) is 
used for cell samples if CNB tissue sampling is 
not possible (FNAB) [24, 34].

7.6  Technique and Choice 
of Needle

In STS not only cytology but also matrix, archi-
tectural structure, and immunohistochemistry 
add to the pathologic diagnostic clue.

FNAB essentially obtains cells without reveal-
ing its tissue architecture or matrix. It is able to 
study cyto-nuclear disturbances but not tumor dif-
ferentiation and matrix components. The patholo-
gist is often only able to differentiate malignant 
from benign lesions [2, 26]. Good results are 
obtained in tumors at the soft tissues in patients 
with known adenocarcinoma or myeloma and 
lymphoma or if the magnetic resonance imaging 
characteristics are suggestive for lymphoma [5].

CNB is able to provide tissue in which matrix 
is disclosed and the architectural structure may 
be preserved. It is evident that 10-gauge needles 
produce better results than 14- or 20-gauge nee-
dles are. Side-loading (Trucut) and end-loading 
(Spirotome) biopsy systems are available in mul-
tiple thicknesses and lengths. Spirotome allows 
direct imaging control of needle tip during the 
sample procedure with a sample length up to a 
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maximum of 2 cm. The needle choice depends on 
the experience of the radiologist and the risk 
related to the specific location of the lesion. Open 
incisional or excisional biopsy also provides 
information of the reactive processes around the 
lesion. These latter techniques (CNB and open) 
show best diagnostic accuracy in cases of pri-
mary soft tissue tumors.

Moreover nonhomogeneity of tumors also 
may influence CNB technique. Highest graded 
zones in a tumor predict outcome; lowest graded 
zones are best differentiated, may produce matrix, 
and help to characterize lesions. As a consequence 
location of the biopsy in the lesion itself depends 
on its imaging characteristics. In homogeneous 
lesions the trajectory is only determined accord-
ing to its compartmental anatomy. Best results in 
nonhomogeneous lesions are gained if also 
lesion’s inner architecture is taken into account, if 
possible a single long trajectory which encom-
passes evolving segments with imaging character-
istics of high grade, i.e., cellular parts avoiding 
necrotic parts and more differentiated matrix 
(calcified)-producing parts. Two or more slightly 
angled trajectories that involve the same anatomic 
compartments may be necessary.

Because of these reasons, consensus grows to 
centralize tissue sampling to dedicated centers 
and to prefer CNB over FNAB.

 Conclusion

Although the choice of biopsy type largely 
depends on the particular clinical setting and 
the experience of the clinician, radiologist, 
orthopedic or oncologic surgeon, and patholo-
gist, CNB is recommended as the first-choice 
procedure for obtaining representative speci-
mens of soft tissue tumors for histologic and 
immunohistochemical examination because 
of its high diagnostic accuracy and low com-
plication rate. It allows one- surgery or neoad-
juvant chemotherapy planning when combined 
with appropriate imaging. Except for FNAB, 
it is less time consuming, less painful, and 
cheaper than other procedures. It can be 
performed under (PET)–CT or ultrasound 
guidance, CT being preferred for deep-seated 
lesions or those that are difficult to reach. 

There are only few reports of MR guidance. 
The entry point and the pathway are deter-
mined in cross talk with the managing sur-
geon, avoiding nerve, vascular, and visceral 
structures. Two or more slightly angled trajec-
tories that involve the same anatomic com-
partments may be necessary in radiologically 
nonhomogeneous lesions. Tissue sample fixa-
tion is adapted to permit immunohistochemi-
cal characterization. Open biopsy is mandatory 
if CNB is inadequate.

Key Points

 1. MRI examination with local tumor stag-
ing should be performed before the 
biopsy procedure.

 2. Any lesion that cannot be unequivo-
cally characterized by MRI as benign 
should be considered indeterminate and 
requires biopsy.

 3. The shortest safe path between the skin 
and the lesion should be chosen, and the 
anticipated needle path should be dis-
cussed with the surgeon who will per-
form the definitive surgery.

 4. The needle tracts that traverse an unin-
volved compartment should be avoided.

 5. Compared to FNAB, CNB is able to 
provide tissue in which matrix is dis-
closed, and the architectural structure 
may be preserved.

 6. Soft tissue tumors often are spatially 
heterogeneous with respect to tumor 
grade and characterization features, and 
tumor necrosis may be widespread. 
Tissue samples of enhancing areas, 
angiogenesis with Doppler activity, and/
or highest scintigraphic activity are pre-
ferred. Thus, two or more biopsy sam-
ples may be necessary.

 7. Tissue sample fixation should permit 
immunohistochemical characterization. A 
buffered 4 % dilution of formalin (NF4) is 
recommended for tissue samples (CNB), 
and an alcoholic solution (CytoLyt) is 
used for cell samples (FNAB).
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8.1  Staging Rationale

Patients with soft tissue sarcomas should gener-
ally be evaluated and managed by a multidisci-
plinary team with expertise and experience in 
sarcoma prior to the initiation of therapy [22, 37]. 
Staging provides information necessary for eval-
uating prognosis, determining the best treatment 
approach, and defining groups for inclusion in 
clinical trials [22]. In addition to oncologic stag-
ing according to commonly used staging sys-
tems, local staging of tumor extent with MR 
imaging has become increasingly important. 
Whereas the diagnosis of an extremity soft tissue 
sarcoma usually implied amputation or other 
mutilating surgical procedures in the past, the 
standard surgical treatment is nowadays wide 
resection, if indicated, in combination with adju-
vant or neoadjuvant radiation therapy or chemo-
therapy [22, 37, 41]. Recent advances in surgical 
and radio-oncological techniques have facilitated 
limb-sparing local treatment with an equivalent 
or even better prognosis than radical resection or 
amputation [12, 38, 41].

8.2  Staging Systems for Soft 
Tissue Sarcoma

8.2.1  AJCC/UICC Staging System

The staging system of the American Joint 
Committee on Cancer (AJCC) adopted by the 
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Union Internationale Contre le Cancer (UICC) is 
widely used for oncologic staging of soft tissue 
sarcoma in Europe (Table 8.1).It represents a 
TNM system which has been expanded by add-
ing the grade of histologic tumor differentiation 
(G) as a key determinant of prognosis with a view 
to local recurrence, development of distant 
metastasis, and disease-specific survival [6, 11, 
22, 31, 34, 37, 41, 42].

The T stage is determined by maximum tumor 
diameter (T1/T2) and location relative to the 
muscle fascia (a/b). N and M stages describe the 
absence or presence of regional lymph node and 
distant metastasis, respectively. For grading (G), 
the former four-grade system has been replaced 
by a three-grade system as proposed by the 
French Federation of Cancer Centers (Fédération 
Nationale des Centres de Lutte Contre le Cancer 
(FNCLCC)) [7, 11, 22, 41].

The AJCC/UICC stage is predictive of over-
all survival. The general prognosis is better with 
well-differentiated tumors, smaller and superfi-
cial tumors, and in the absence of nodal involve-
ment and distant metastasis. The presence of 
distant metastasis at any site indicates stage IV 
disease regardless of histologic tumor grade. 
The 5-year survival rates of extremity soft tissue 
sarcomas are 80–90 % at stage I and II, 56 % at 
stage III, and less than 20 % at stage IV [17, 22, 
34, 41].

8.2.2  MSTS/Enneking Staging 
System

The staging system of the Musculoskeletal 
Tumor Society (MSTS) developed by Enneking 
(Table 8.2) is applicable to both soft tissue and 
bone sarcomas and has a more surgical orienta-
tion [14, 31, 41, 42]. It has been designed before 
advanced imaging techniques and adjuvant ther-
apy were routinely used.

Like the AJCC/UICC system, it includes the 
grading (G) of the tumor but only distinguishes 
between low-grade and high-grade lesions. 
This two-tiered grading was favored, because it 

could better be related to surgical procedures 
(wide vs. radical excision) [41]. Regional 
lymph node metastasis is disregarded in this 
system. The size of the tumor is only an indirect 
variable, because the T stage is determined by 
grouping the lesions as either intracompart-
mental (T1) or extracompartmental (T2) rather 
than by absolute size [14, 41, 42,]. This makes 
the MSTS system best applicable to sarcomas 
located in the extremities [41].

Table 8.1 AJCC/UICC staging system for soft tissue 
sarcoma [11]

Stage T N M G

IA T1a
T1b

N0
N0

M0
M0

G1, GX
G1, GX

IB T2a
T2b

N0
N0

M0
M0

G1, GX
G1, GX

IIA T1a
T1b

N0
N0

M0
M0

G2, G3
G2, G3

IIB T2a
T2b

N0
No

M0
M0

G2
G2

III T2a, T2b
Any T

N0
N1

M0
M0

G3
Any G

IV Any T Any N M1 Any G

T primary tumor, TX primary tumor cannot be assessed, 
T1 tumor ≤ 5 cm in greatest dimension, T1a superficial 
tumor, T1b deep tumor, T2 tumor > 5 cm in greatest 
dimension, T2a superficial tumor, T2b deep tumor, N 
regional lymph nodes, NX regional lymph nodes cannot 
be assessed, N0 no regional lymph node metastasis, N1 
regional lymph node metastasis, M distant metastasis, M0 
no distant metastasis, M1 distant metastasis, G Histologic 
Grade (FNCLCC system preferred), GX grade cannot be 
assessed, G1 well differentiated, G2 moderately differen-
tiated, G3 poorly differentiated

Table 8.2 MSTS/Enneking staging system for musculo-
skeletal tumors [14]

Stage G T M

IA G1 T1 M0

IB G1 T2 M0

IIA G2 T1 M0

IIB G2 T1 M0

III G1 or G2 T1 or T2 M1

G histologic grade, G1 low grade, G2 high grade, T tumor, 
T1 intracompartmental, T2 extracompartmental, M distant 
metastasis, M0 no distant metastasis, M1 distant 
metastasis
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8.2.3  Tumor Size

Tumor size has an influence on the prognosis of 
soft tissue sarcomas, mainly because it is more 
difficult to eradicate larger tumors surgically. 
The designation of 5 cm used as a cutoff value 
between T1 and T2 lesions in the AJCC/UICC 
staging system is however more or less arbitrary 
[22, 41]. To measure the true dimensions of a 
soft tissue sarcoma on MR imaging might be dif-
ficult, if the mass is surrounded by an indistinct 
pseudocapsule. The pseudocapsule is a periph-
eral zone of reactive tissue that can develop due 
to compression, hyperemia, and chronic inflam-
mation of soft tissue adjacent to the sarcoma and 
might contain tumoral digitations and satellites 
[5, 6, 41]. On MR images, it is seen as a zone of 
peritumoral “edema” [5]. The true tumor diam-
eter (with exclusion of the pseudocapsule) can be 
best measured on T2-weighted or contrast-

enhanced MR images without fat suppression 
(Fig. 8.1).

If measurements of resected specimens at 
pathologic examination are used as standard of 
reference, tumor size is often “overestimated” on 
preoperative MR images, especially for large 
masses. Possible explanations for this effect are 
changes in tumor shape and suspension of perfu-
sion after resection, rupture of cystic tumor com-
ponents, fragmentation, and shrinkage due to 
tissue fixation on pathologic preparation [4, 10, 
20, 28].

8.2.4  Tumor Depth

Tumor depth is defined in the AJCC/UICC staging 
system on the basis of tumor location relative to 
the muscle (deep) fascia (Fig. 8.2). Superficial 
tumors are located subcutaneously and entirely 

a b

Fig. 8.1 (a, b) T stage according to AJCC/UICC and 
MSTS. (a) Coronal contrast-enhanced T1-weighted SE 
and (b) axial T2-weighted TSE images of a patient with a 
pleomorphic sarcoma show a large tumor in the posterior 
compartment of the thigh. Tumor diameter is measured 
with exclusion of the pseudocapsule as demonstrated. 

According to AJCC/UICC, the tumor would be classified 
as T2b (>5 cm, deep tumor). If the MSTS system is used, 
the tumor represents a T1 lesion, because it is confirmed 
to one anatomic compartment (intracompartmental), 
albeit the compartmental boundaries are bulged by the 
mass effect
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superficial to the muscle fascia without invading it. 
Deep tumors lie either entirely beneath the muscle 
fascia, above the fascia and invading it, or both 
above and beneath the fascia [42]. On MR imag-
ing, it is particularly difficult to differentiate close 
contact without fascial invasion and true invasion 

in tumors with subcutaneous location. Tumor 
depth might therefore be overestimated rather than 
underestimated on radiologic assessment [20].

Mediastinal, retroperitoneal, and pelvic soft 
tissue sarcomas are generally classified as deep 
tumors [6, 11, 41, 42].

a b

c d

Fig. 8.2 (a–d) T stage according to AJCC/UICC and 
MSTS. (a) Axial contrast-enhanced T1-weighted TSE 
image with fat suppression shows intramuscular leiomyo-
sarcoma (arrow) in the anterior compartment of the thigh. 
AJCC/UICC: T1b, MSTS: T1. (b) Axial T2-weighted 
TSE image demonstrates pleomorphic sarcoma (arrow) in 
the posterior compartment of the thigh. AJCC/UICC: T2b, 
MSTS: T1. (c) Axial contrast-enhanced T1-weighted TSE 

image with fat suppression shows pleomorphic sarcoma 
(arrow) in the subcutaneous tissue involving to the muscle 
fascia and deep compartment. AJCC/UICC: T2b, MSTS: 
T2 (d) Axial T2-weighted TSE image reveals pleomor-
phic sarcoma (arrow) in the anterior compartment of the 
thigh. The reactive zone extends to the lateral compart-
ment (arrowheads). AJCC/UICC: T2b, MSTS: T2
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8.2.5  Intra- or Extracompartmental 
Tumor Growth

An anatomic compartment is defined as an ana-
tomical structure or space bounded by natural 
barriers, such as cortical bone, fascia and fascial 
septa, articular cartilage, joint capsule, tendons, 
tendon sheaths, and ligaments [2, 6]. With a view 
to tumor spread, the five basic compartments are 
the skin and subcutaneous tissue, the muscle 
compartments, the paraosseous space, the bone, 
and the joints. Anatomic regions that lack such 
firm barriers are regarded as extracompartmental 
spaces. These include the head and neck, 
 paraspinal tissues, periclavicular tissue, axilla, 
antecubital fossa, wrist, dorsum of the hand, 
groin, popliteal fossa, ankle, and dorsum of the 
foot [2, 42].

Intracompartmental tumors are confined to a 
single anatomic compartment, although they 
might distort the boundaries of their compart-
ment of origin. Within a muscular compartment, 
intracompartmental lesions might involve more 
than one muscle. In contrast, extracompartmen-
tal tumors have secondarily spread past the barri-
ers of the original compartment or primarily 
involve more than one anatomic compartment. It 
is important to note that a soft tissue sarcoma is 
also considered extracompartmental, if its reac-
tive zone (peritumoral “edema”) extends beyond 
the compartmental barriers (Figs. 8.1 and 8.2). 
Furthermore, all tumors that arise within or sec-
ondarily involve one of the extracompartmental 
spaces mentioned above are defined as extracom-
partmental. Finally, extracompartmental spread 
might also result from hemorrhage or due to an 
operative procedure, such as an unplanned resec-
tion or a technically poor biopsy [2, 6, 14, 41, 
42].

8.2.6  Lymph Node Metastasis

With an overall prevalence of 1–3 %, regional 
lymph node metastasis is relatively rare in 
patients with soft tissue sarcomas, although 
higher rates of up to 10 % were reported in some 
series, probably due to a higher proportion of 

specific histological subtypes. Spread to regional 
lymph nodes is most commonly seen in rhabdo-
myosarcoma, angiosarcoma, clear cell sarcoma, 
epithelioid sarcoma, and synovial sarcoma. In 
these entities, prevalences of up to 40 % have 
been observed. In the absence of distant metasta-
sis, the affection of regional lymph nodes repre-
sents a strong prognostic factor [16, 21, 34, 35].

Dependent on the location of the original 
tumor, CT should be used to assess the cervical, 
axillary, mediastinal, retroperitoneal, and/or 
inguinal lymph nodes on initial staging, espe-
cially in sarcoma subtypes with a high likelihood 
of lymphogenic spread (Fig. 8.3). So far PET, 
PET/CT, and PET/MRI are not recommended for 
routine work-up of patients with soft tissue sarco-
mas [37]. Due to the strong heterogeneity of this 
group of tumors, FDG uptake in lymph node 
metastasis is virtually unpredictable and thus 
might lead to false-negative assessments. False- 
positive findings can be caused by unspecific glu-
cose uptake in reactive axillary, retroperitoneal, 
or inguinal lymph nodes which are commonly 
seen with larger tumors of the extremities.

8.2.7  Distant Metastasis

The presence of distant metastasis represents the 
strongest predictor of poor outcome in soft tissue 
sarcomas [22, 32, 36]. Distant metastasis occurs 

Fig. 8.3 Lymph node metastasis of synovial sarcoma. 
Axial contrast-enhanced CT image of the pelvis obtained 
for initial staging depicts enlarged external iliac lymph 
nodes on the right. Biopsy verified lymph node metastasis 
(arrows) of known biphasic synovial sarcoma. The pri-
mary tumor was located above the right knee
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in up to 25 % of patients with the most common 
sites being the lung (75–80 %) followed by the 
bones (10 %) [39]. CT of the chest should rou-
tinely be performed in initial staging of all soft 
tissue sarcomas (Fig. 8.4). Synchronous lung 
metastasis in the absence of extrapulmonary dis-
ease is usually treated by chemotherapy and, if 
possible, consequent surgical resection of all 
residual lesions. The standard treatment for meta-
chronous resectable lung metastasis is surgery, if 
there is no evidence of extrapulmonary disease 
and complete excision of all lesions is feasible 
[37]. In specific sarcoma subtypes with a known 
tendency to metastasize to bone, such as myxoid 
liposarcoma, whole-body MRI may be recom-
mended to assess the entire skeletal system.

8.2.8  Histologic Grade

Histologic grading of soft tissue sarcomas 
according to the FNCLCC system is based on 
tumor differentiation, mitosis count, and tumor 
necrosis (Table 8.3) [7, 19]. The histologic grade 
has a higher prognostic weight than tumor size 
and depth [22]. It should be kept in mind that 
grading is not practicable in post-chemotherapy 
or post-radiotherapy specimens. It is therefore 
mandatory to obtain a sufficient amount of repre-
sentative material for pathologic analysis prior to 
therapy.

8.3  Local Staging

Local staging of soft tissue sarcoma is of major 
importance for surgical treatment with a view to 
preservation of function and, at the same time, 
sufficient radicality. Resections with microscopi-
cally positive margins have been shown to 
increase the risk for local recurrence and consec-
utively for the development of distant metastases 
and for tumor-associated mortality [6, 12, 20, 22, 
32, 36, 38]. Preoperatively, the surgeon needs 
detailed information on local tumor extent and in 
particular on the presence or absence of neuro-
vascular encasement, bone involvement, and 
joint invasion. MR imaging represents the most 
informative imaging technique in this regard. It is 
imperative to complete the imaging evaluation of 
locoregional tumor extent prior to biopsy. 
Principally, any soft tissue mass, which is exam-
ined by MR imaging, should be examined in a 
way that allows to answer all relevant questions 
for a potential wide surgical resection.

Fig. 8.4 Lung metastasis of alveolar soft part sarcoma. 
Axial CT image of the chest (lung window setting) 
obtained for initial staging shows bilateral pulmonary 
nodules (arrows). The primary tumor was located in the 
thigh

Table 8.3 FNCLCC Grading System for Adult Soft 
Tissue Sarcomas [7] FNCLCC = Fédération Nationale des 
Centres de Lutte Contre le Cancer

Parameter Criterion

Tumor differentiation

Score 1 Sarcomas closely resembling normal adult 
mesenchymal tissue

Score 2 Sarcomas for which histological typing is 
certain

Score 3 Embryonal sarcomas, undifferentiated 
sarcomas, and sarcomas of doubtful tumor 
type

Mitosis count

Score 1 0–9 per 10 HPF

Score 2 10–19 per 10 HPF

Score 3 >20 per 10 HPF

Tumor necrosis

Score 0 No necrosis

Score 1 ≤50 % tumor necrosis

Score 2 >50 % tumor necrosis

Histologic grade

Grade 1 Total score 2, 3

Grade 2 Total score 4, 5

Grade 3 Total score 6, 7, 8

HPF high-power fields
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8.3.1  Neurovascular Encasement

Encasement of major vessels and nerves is seen in 
4–10 % of soft tissue sarcomas but might be more 
common in specific anatomic locations, such as 
the popliteal fossa, or with specific tumor sub-
types [20, 28–30]. A close anatomic relationship 
between the mass and the neurovascular bundle is 
frequently observed in patients with soft tissue 
sarcomas. Abutment or displacement of vessels 
and nerves is however more frequent than true 
encasement [6, 20]. Evaluation of the neurovascu-
lar structures on MR imaging is of central impor-
tance for surgical treatment planning. Whereas in 
case of vascular encasement, the limb can often 
be spared by resecting the involved vessels 
together with the sarcoma and replacing the artery 
with a graft, encasement of a major nerve, espe-
cially the sciatic nerve, almost inevitably leads to 
amputation. On the other hand, if the tumor only 
abuts the nerve with or without adherence, a small 
but tumor-free margin can be created by perineu-
ral resection. In this procedure, the epineurium is 
longitudinally incised opposite to the tumor, dis-
sected from the nerve, and finally removed en 
bloc with the tumor [6, 20].

On MR imaging, the location of a musculo-
skeletal sarcoma relative to major neurovascular 
structures can be best assessed on transverse sec-
tions with T2 contrast and a high spatial resolu-
tion (Fig. 8.5). It is however still controversial 
whether these pulse sequences should be obtained 
without or with fat suppression. The main advan-
tage of using T2-weighted pulse sequences with-
out fat suppression is the superior visibility of 
nerves, nerve fascicles, and perineurium, which 
appear hypointense against the surrounding fat. 
This contrast is lost if fat suppression is applied, 
and therefore, the neural structures become less 
discernible.

In a series of 174 soft tissue sarcomas, MR 
imaging showed a sensitivity of 82 %, a specific-
ity of 92–96 %, and a high interrater agreement 
in the assessment of neurovascular encasement. 
Encasement of arteries, veins, and nerves was 
diagnosed, if the contact between the tumor and 
the vascular or neural circumference exceeded 
180° on axial T2-weighted TSE images without 

fat suppression [20]. In order to avoid false- 
positive assessments, which might preclude 
patients from limb-sparing surgery, neurovascu-
lar encasement should only be diagnosed if the 
abovementioned criterion is fulfilled or if direct 
invasion of a vascular/neural structure by tumor 
tissue is seen (Fig. 8.5).

MR angiography can be applied to demon-
strate the anatomic relation between large arterial 
vessels and musculoskeletal tumors [15]. Arterial 
adherence or encasement can be diagnosed, if 
this results in a stenosis of the involved vessel, 
but can neither be diagnosed nor excluded, if this 
is not the case. MR angiography can therefore 
not replace morphologic imaging but should, if at 
all, only be used as an adjunct to routine 
sequences.

8.3.2  Bone Involvement

Secondary involvement of neighboring bones by 
cortical destruction and invasion of bone marrow 
occurs in approximately 9 % of soft tissue sarco-
mas but might even be more common in some 
subtypes such as synovial sarcoma [20, 30, 42]. 
For the surgeon, it is important to know whether 
the tumor only abuts the bone surface or truly 
invades the bone. With mere contact, it is usually 
sufficient to remove the periosteum together with 
the sarcoma to obtain an adequate surgical mar-
gin. If the adjacent skeletal element is invaded, 
composite resection of bone and soft tissue might 
be performed to achieve a wide surgical margin 
[6, 24].

MR imaging is highly accurate in the diagno-
sis of osseous invasion by soft tissue sarcomas. In 
different series, sensitivities and specificities 
between 90 % and 100 % could be determined 
[13, 20, 28]. The presence of signal alterations of 
cortical and medullary bone at the contact zone 
with the tumor is indicative of invasion [13, 20]. 
The true extent of bone marrow involvement can 
be best defined on T1-weighted SE/TSE images, 
where it is visualized as an area of complete bone 
marrow replacement (Fig. 8.6). Close contact 
without signal alterations, on the other hand, 
should not be considered indicative of bone 
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invasion. The length of the contact zone between 
the soft tissue mass and the bone surface appears 
not to be statistically significant with regard to 
bone involvement [13]. It should however be 
determined in both longitudinal and transverse 
dimensions for surgical planning.

8.3.3  Joint Invasion

Invasion of a nearby joint by a primarily extra- 
articular soft tissue sarcoma is rare [20, 28]. A 
tumor is only considered intra-articular if it has 
crossed the synovial membrane. Consequently, 

a b

c d

Fig. 8.5 (a–d) Neurovascular encasement. (a) Axial 
T2-weighted TSE image shows myxoid liposarcoma abut-
ting the sciatic nerve (arrow). The tumor contacts less 
than 180° of the neural circumference. Intraoperatively, 
the nerve could be dissected from the tumor. (b) Axial 
T2-weighted TSE image demonstrates fibromyxoid sar-
coma contacting more than 180° of the circumference of 
the femoral artery (arrow). The arterial segment had to be 
resected en bloc with the tumor and be replaced by a graft. 

(c) Axial T2-weighted TSE image shows well- 
differentiated liposarcoma (ALT) completely encasing the 
sciatic nerve (arrow). (d) Axial T2-weighted TSE image 
demonstrates pleomorphic sarcoma directly invading the 
femoral vein (white arrow). The femoral artery (black 
arrow) and nerve (arrowhead) are separated from the 
tumor by a thin plane of fatty tissue. The tumor could be 
resected together with the vein
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an adequate surgical margin can only be achieved 
by performing an extra-articular resection with 
en bloc removal of the joint or, if this is not pos-
sible, by amputation.

The diagnostic criteria for diagnosing articu-
lar invasion on MR imaging have rarely been 
defined. It should only be assumed if tumorous 
tissue is directly visualized within the borders of 

a b

c

Fig. 8.6 (a–c) Bone involvement. (a) Sagittal 
T1-weighted and (b, c) sagittal and axial fat-suppressed 
T2-weighted TSE images show clear cell sarcoma involv-
ing the subcutaneous tissue, extensor mechanism and 

Hoffa’s fat pat of the knee. Invasion of patellar marrow is 
visualized as an area of bone marrow replacement on 
T1-weighted image (arrow). Cortical destruction is best 
seen on axial image (arrowheads)
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the synovial membrane (Fig. 8.7). Contact of 
tumor tissue to the joint capsule or joint effusion 
is not indicative of articular invasion [20].

8.3.4  Local Staging After 
Inadequate Resection

Inadequate resection represents a common prob-
lem in patients with soft tissue sarcomas [8, 26, 
33]. Most unplanned procedures are performed 
by surgeons who erroneously expect to find a 
lipoma, ganglion, hematoma, or lymph node, in 
particular if the soft tissue mass is relatively 
small, located subcutaneously or close to a joint, 
or has occurred in a young patient [18, 26, 33]. 
Although adequate local tumor control can usu-
ally be accomplished by wide reexcision, these 
patients have a worse prognosis owing to an 
increased rate of distant metastasis [33].

The fact that preoperative imaging has not 
been performed in many of these cases makes the 
evaluation by MR imaging following inadequate 
resection even more difficult, because informa-
tion on exact tumor size, location, and morphol-

ogy is lacking. In a series of 111 cases, MR 
imaging had a sensitivity of only 64 % and a spec-
ificity of 93 % in the assessment of residual tumor 
in this situation. Whereas larger and/or nodular 
tumor remnants could confidently be diagnosed, 
false-negative results were commonly obtained 
in small (<1 cm) or microscopic residual lesions 
or in cases with prominent postoperative changes, 
which might have obscured tumor tissue left 
behind [8]. For planning of a reexcision, MR 
imaging remains nevertheless useful to evaluate 
the extent of the primary surgical procedure, to 
diagnose or exclude involvement of the deep fas-
cia and deep compartments, to assess the size of 
major residual tumor, and to depict postoperative 
hematomas and seromas (Fig. 8.8).

8.4  Surveillance and Repeat 
Staging

So far there are no evidence-based guidelines for 
follow-up examinations in patients with surgically 
treated soft tissue sarcomas. The European Society 
for Medical Oncology (ESMO) and the European 

ba

Fig. 8.7 (a, b) Joint invasion. (a) Axial contrast-enhanced 
T1-weighted TSE image with fat suppression and (b) 
coronal T2-weighted TSE image show fibromyxoid sar-

coma (arrows) invading the hip joint. On coronal image, 
true intra-articular spread is seen
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Society of Musculoskeletal Radiology (ESSR) rec-
ommend the following practical approach. Patients 
with surgically treated intermediate or high-grade 
sarcomas should be examined by MR imaging of 
the original tumor site and chest CT every 3–4 
months in the first 2–3 years, then twice a year up to 
the 5th year, and once a year up to the 10th year. 
Patients with low- grade sarcomas may be followed 
for local recurrence every 4–6 months and with (fac-
ultative) chest CT at longer intervals in the first 3–5 
years, then annually up to the 10th year [27, 37].

In surgically treated soft tissue sarcomas, local 
relapse occurs in 10–20 % after wide resection 
and in 70–90 % after local resections with histo-
logically positive margins [8, 12, 23]. MR imag-
ing represents the modality of choice for the 
diagnosis of recurrent tumors (Figs. 8.9 and 
8.10). Repeat staging follows the same basic 
principles as evaluation of the original lesion.

For assessment of the surgical bed on MR 
imaging, information on previous radiation ther-
apy, reconstructive surgery, and histopathology 
of the original tumor is mandatory [40]. A com-
parison of follow-up with pretreatment images is 
very helpful, because the MR morphology of a 
recurrent lesion frequently mirrors that of the 
original tumor [40].

Tumor recurrence is typically characterized 
by the presence of a discrete nodular mass with 
prolonged T1 and T2 relaxation times rather than 
by more diffuse signal alterations or ill-defined 
contrast uptake. The evaluation of the former sur-
gical field can be hindered by postoperative gran-
ulation tissue, hematomas, seromas, and 
radiation-induced changes of soft tissues and 
bone. All of these can lead to increased 
T2-weighted signal intensity and contrast 
enhancement on MR images and thus, on the one 
hand, might be misdiagnosed as tumor recur-
rence and, on the other hand, might obscure 
recurrent masses. Local relapse of myxoid sarco-
mas can erroneously be diagnosed as seroma, in 
particular if the radiologist is not aware of the 
MR morphology of the original lesion and its 
inherent high signal intensity on T2-weighted 
images (Fig. 8.9). Mature scar tissue typically 
reveals low signal intensity on images of all pulse 
sequences and thus can usually be distinguished 
from tumor tissue. Intravenous gadolinium con-
trast application facilitates the differentiation of 
seromas, hematomas, and abscesses from recur-
rent tumor, but static contrast-enhanced 
sequences might not allow a distinction from 
granulation tissue and edema-like soft tissue 

a b

Fig. 8.8 (a, b) Inadequate resection of pleomorphic sar-
coma. (a) Axial T2-weighted and (b) fat-suppressed 
contrast- enhanced T1-weighted TSE images show an area 
of inhomogeneous signal intensity and contrast enhance-
ment in the subcutaneous tissue of the lower leg without 

nodular components. Although small tumor remnants can-
not be excluded, the images are valuable for planning 
reexcision, because involvement of the deep fascia and 
muscular compartments is not evident
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changes [25]. Image subtraction (Fig. 8.10) 
might improve detection of recurrent tumors and 
increase lesion conspicuity rather than post- 
contrast images with fat suppression [1]. If added 
to a standard protocol, diffusion-weighted pulse 
sequences have been shown to increase the 

specificity of MR imaging in distinguishing 
recurrent soft tissue sarcoma from postsurgical 
scarring [3, 9]. Ultrasound can also represent a 
useful adjunct in unclear cases and might also be 
applied to guide biopsy in order to verify or rule 
out local relapse.

a b c

d e f

Fig. 8.9 (a–f) Local recurrence of myxofibrosarcoma 
(grade 1) 3 years after surgical resection. (a) Coronal 
T1-weighted, (b) corresponding contrast-enhanced 
T1-weighted, (c) axial T2-weighted and (d) fat- suppressed 
contrast-enhanced T1-weighted TSE images show tumor 
recurrence (arrow) in the anterior compartment of the 

thigh. (e) CT image was used for guidance of core needle 
biopsy to verify diagnosis. (f) Transverse T2-weighted 
TSE image of original tumor shows more distally located 
mass with encasement of femoral artery. Note similarity 
of T2-signal of original and recurrent tumor
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a b c

d e f

Fig. 8.10 (a–f) Local recurrence of pleomorphic sar-
coma 4 years after surgical resection. (a) Coronal 
T1-weighted TSE, (b, c) corresponding contrast-enhanced 
T1-weighted and subtraction image, and (d) transverse 
fat-suppressed contrast-enhanced T1-weighted TSE 
image show contrast-enhancing nodular lesion (arrows) 

in the region of the former surgical bed. (e) The lesion was 
also visible on US (arrowheads), and relapse could be 
verified by US-guided core needle biopsy. (f) Transverse 
fat-suppressed contrast-enhanced T1-weighted TSE 
shows location and MR morphology of the original 
sarcoma

Key Points

 1. The AJCC/UICC system is widely used 
for oncologic staging of soft tissue sar-
coma. It includes tumor size, depth, 
nodal involvement, distant metastasis, 
and histologic grade and is predictive of 
overall survival.

 2. As the lung represents the most com-
mon site of distant metastasis, CT of the 
chest should routinely be performed in 
initial staging of soft tissue sarcomas.

 3. Local staging is of central importance 
for surgical treatment planning. In 

addition to assessment of tumor size and 
anatomic location, information on neu-
rovascular encasement, bone involve-
ment, and joint invasion is required. For 
local staging, MR imaging should 
always be performed prior to biopsy.

 4. Anatomic relation to major nerves and 
vessels is the most important determi-
nant for limb-sparing resection of soft 
tissue sarcomas. Neurovascular encase-
ment should only be diagnosed, if the 
contact between tumor and neural/vas-
cular circumference exceeds 180°.
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9.1  Introduction

Characterization consists of both grading and 
tissue-specific diagnosis.

While tissue-specific diagnosis implies patho-
logical typing, grading implies a differentiation 
between benign and malignant tumors and defini-
tion of malignancy grade. Although pathology 
will always remain the gold standard in the diag-
nosis of soft tissue tumors, prediction of a spe-
cific histologic diagnosis remains one of the 
ultimate goals of each imaging technique, as 
decisions regarding biopsy and treatment could 
be simplified if a specific diagnosis or a limited 
differential diagnosis could be provided on the 
basis of imaging [20].

Sundaram stressed the importance of “nam-
ing” soft tissue masses based on MR imaging cri-
teria, working on the premise that one’s inability 
to “name” or provide a succinct differential diag-
nosis requires the lesion to be considered “inde-
terminate” and biopsied. The approach to such 
indeterminate lesions is that they are sarcomas 
until histopathologically proven otherwise [30, 
41]. Soft tissue masses that do not demonstrate 
distinguishing features on MR imaging should be 
considered indeterminate and will require biopsy 
[21, 31, 39].

Benign soft tissue tumors (STT) outnumber 
their malignant counterparts by about 100–1. 
Otherwise most cutaneous and subcutaneous 
masses are very small and are often excised with-
out imaging studies. As a consequence 60 % of 
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the soft tissue tumors in adults who are referred 
for evaluation by medical imaging are benign, 
this proportion increasing to 75 % in the pediatric 
age group. The major role of grading consists 
merely in recognizing benign soft tissue tumors 
which will be excluded from further invasive 
diagnostic and therapeutic procedures.

The significance and the predictive value of 
the various histologic parameters vary in differ-
ent types of sarcoma. Because of morphologic 
variations in different portions of the tumor, the 
grade is determined on the basis of the least dif-
ferentiated area and its extent [13, 40].

9.2  Grading

The World Health Organization (WHO) recog-
nizes four categories of soft tissue tumors (STT): 
benign, intermediate (locally aggressive), inter-
mediate (rarely metastasizing), and malignant 
[10]. Well-known histological grading parame-
ters are cellularity, cellular pleomorphism, 
mitotic rate, matrix, and the presence of necrosis. 
Tumor necrosis, tumor size, and most impor-
tantly mitotic count are significantly correlated 
with the duration of survival or the time to distant 
metastases [22, 33] Most of these parameters 
influence signal intensity on MRI. Nevertheless, 
there is still much controversy regarding the 
value of conventional MRI in the differentiation 
of benign and malignant soft tissue tumors [1, 7].

A variety of imaging-grading parameters have 
been described in the literature and are listed in 
Table 9.1. We will comment first on the value of 
each individual parameter followed by a sum-
mary on the strength of a combination of multiple 
grading parameters.

9.2.1  Individual Parameters

Examples of commonly used individual parame-
ters for predicting malignancy are intensity and 
homogeneity of the MR signal with different 
pulse sequences. Signal characteristics of both 
benign and malignant tumors overlap frequently. 

High signal intensity (SI) on T2-WI and inhomo-
geneity on T1-WI are sensitive but unfortunately 
nonspecific parameters. Although most malig-
nant lesions are inhomogeneous, smaller lesions 
tend to be more homogeneous, irrespective 
whether they are benign or malignant [39]. 
Concerning signal intensity, high-grade malig-
nant soft tissue tumors may present with low to 
intermediate signal intensity on T2-WI as a con-
sequence of hypercellularity, increased nucleocy-
toplasmic index, and an altered ratio between 
cellular and interstitial components both result-
ing in a decreased amount of intra- and extracel-
lular water [1, 3, 26]. In this regard, lymphomas 
and nondifferentiated (high-grade) sarcomas may 
present with low SI on T2-weighted images and 
have to be differentiated from tumors showing 
recurrent intralesional bleeding and hemosiderin 
loading causing shortening of the T2-relaxation 
time and consequently lower SI on T2-WI.

Clear cell sarcomas may present with 
increased SI on T1-weighted images, depending 
on their content on melanin which shortens the 
T1-relaxation time [2].

Table 9.1 Soft tissue tumor (STT) grading parameters

Origin (subcutaneous, fascial, intramuscular, mixed)

Location

Distribution

  Intracompartmental

  Extracompartmental

Size

Shape

Margins

Relationship with superficial fasciae

Neurovascular bundle displacement/encasement

Bone involvement

Signal intensity on different pulse sequences

Signal homogeneity

Changing pattern of homogeneity

Low-signal-intensity septations

Peritumoral edema

Hemorrhage

Contrast enhancement

  Static studies (type, intensity)

  Dynamic studies (ratio, slope)

Diffusion-weighted MRI
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Changing homogeneity (from homogeneous 
on T1-WI to heterogeneous on T2-WI) and the 
presence of a lobular morphology with interven-
ing low-signal intratumoral septations were 
reported by Hermann, respectively, with a sensi-
tivity of 72 and 80 %, respectively, and a specific-
ity of 87 and 91 %, respectively, in predicting 
malignancy [14].

Galant et al. described a grading system of 
subcutaneous soft tissue tumors by means of 
their relationship with the superficial fascia on 
MRI. Obtuse angles between superficial fascia 
and a subcutaneous mass crossing the fascia indi-
cate a probability of malignancy six to seven 
times that for lesions that do not cross the fascia 
or have contact with acute angles. Exceptions are 
vascular and neurogenic tumors, which can cross 
the fascia through preexisting anatomical chan-
nels and fibromatosis [11].

Location has a limited value in differentiat-
ing benign and malignant soft tissue tumors. In 
contradistinction to malignant tumors, benign 
ones frequently have a preferential location (see 
also 9.3 Tissue-Specific Diagnosis). Typical 
examples are elastofibroma dorsi which has a 
predilection for the subscapular region, PVNS 
for the joints, nodular fasciitis for the forearm, 
desmoids for the deltoid and gluteal region, glo-
mus tumors for the subungual soft tissues while 
soft tissue tumors of the hand and wrist are 
benign in more than 90 % of the cases, and intra-
articular tumoral lesions being almost always 
benign. Generally, soft tissue sarcomas have a 
predilection for the thigh and in particular syno-
vial cell sarcomas for the foot. Although the size 
and shape of the lesion at detection seem 
unlikely to contribute to tumor grading, Tung 
combined the data from three investigations and 
postulated that a diameter of less than 3 cm is a 
reasonable indicator that a lesion is benign, as 
this threshold is associated with a positive pre-
dictive value of 88 %. Conversely, a diameter of 
5 cm predicts malignancy with a sensitivity of 
74 %, specificity of 59 %, and an accuracy of 
66 % [6, 32].

Although benign tumors tend to be well delin-
eated and, conversely, malignant tumors have 

rather ill-defined margins, several studies have 
concluded that the margin (well defined versus 
infiltrating) of a soft tissue mass on MRI is of no 
statistical relevance in predicting of malignancy. 
Moreover, Bongartz reported that aggressive sar-
comas may have a pseudocapsule, while benign 
lesions such as desmoid tumors may invade 
neighboring tissues [3, 34, 39].

Peritumoral edema, shown on T2-weighted 
images as an ill-defined area of high signal inten-
sity, can indicate infiltrative tumor [5] but may be 
seen in reparative inflammation as well [13].

Involvement of adjacent bone, extracompart-
mental distribution, and encasement of the neuro-
vascular bundle are relatively uncommon 
findings that are insensitive signs of malignancy. 
They are also seen in aggressive benign soft tis-
sue lesions including desmoids, hemangiomas, 
and pigmented villonodular synovitis.

The parameter growth rate is related to the 
aggressiveness of a soft tissue tumor and not to 
its malignancy grade [5].

Intratumoral hemorrhage is a rare finding, 
which can be observed in both benign and malig-
nant lesions, and is difficult to differentiate from 
nontumoral soft tissue hematoma. Hemorrhage is 
of high signal on T1-weighted images, coupled 
with low or high signal on T2-weighted images, 
provided the tissue was not isointense to fat on all 
sequences. A low-signal hemosiderin rim is 
indicative as evidence of prior hemorrhage [20].

Malignant tumors show increased vascularity 
and have large extracellular spaces and usually 
reveal greater enhancement and an increased rate 
of enhancement on dynamic contrast-enhanced 
imaging [23], although there is a significant over-
lap in degree and pattern of enhancement and 
malignancy grade [19, 37, 39].

In a multivariate analysis of 140 soft tissue 
tumors, Van Rijswijk et al. revealed that com-
bined nonenhanced static and dynamic contrast- 
enhanced MR imaging parameters were 
significantly superior to nonenhanced MR imag-
ing parameters alone and to nonenhanced MR 
imaging parameters combined with static 
contrast- enhanced MR imaging parameters in 
prediction of malignancy. The most discriminat-

9 Grading and Tissue-Specific Diagnosis
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ing parameters were presence of liquefaction, 
start of dynamic enhancement (time interval 
between start of arterial and tumor enhance-
ment), and lesion size (diameter) (Fig. 9.1).

Additional diffusion-weighted imaging (DWI) 
has proven to be useful in the differential diagno-
sis of malignant versus benign STT [5, 15, 18, 
24]. True diffusion coefficients of malignant STT 
are significantly lower than those of benign 
masses, whereas ADC values between both 
groups are not significantly different.

The value of dynamic contrast-enhanced MRI 
and DWI in the differentiation of benign versus 
malignant STT is further discussed in Chap. 5.

PET-CT and PET-MRI may be useful to target 
active metabolic areas within a STT [4, 9].

9.2.2  Combined Parameters

Although most investigators failed to establish 
reliable criteria for distinguishing benign from 
malignant lesions, a combination of individual 
parameters yields higher sensitivity and specific-
ity [1, 5, 6, 25, 27].

Our research group performed multivariate 
statistical analysis to determine the accuracy of 
ten parameters, individually and in combination, 

a

c

b

Fig. 9.1 (a–c). High grade pleiomorphic sarcoma of the 
right adductor compartment in a 54-year-old female:  
(a) Axial T2-weighted MR image showing a large inho-
mogeneous intramuscular lesion with myxoid and solid 
(white arrow) components; (b) Axial dynamic MR 
sequence after intravenous bolus injection of gadolinium 
contrast showing very rapid enhancement of the solid part 

of the lesion (white arrow) following arterial enhancement 
(white arrowhead); (c) Delayed fatsuppressed T1-weighted 
MR image shows inhomogeneous enhancement with 
peripheral enhancing nodule (black arrow). The large size 
of the lesion, inhomogeneity of the lesion and the rapid and 
 inhomogeneous enhancement are in favor of a malignant 
lesion

F.M. Vanhoenacker
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for predicting malignancy. When the following 
signs were observed together, malignancy was 
predicted with a sensitivity of 81 % and a speci-
ficity of 81 %: absence of low signal intensity on 
T2-weighted images, signal inhomogeneity on 
T1-weighted images, and mean diameter of the 
lesion greater than 33 mm (Fig. 9.2). Malignancy 
was predicted with the highest sensitivity when a 
lesion had high signal intensity on T2-weighted 
images, was larger than 33 mm in diameter, and 
had an inhomogeneous signal intensity on 
T1-weighted images. Signs that had the greatest 
specificity for malignancy included the presence 
of tumor necrosis, bone or neurovascular involve-
ment, and a mean diameter of more than 66 mm. 
Of the malignant lesions, 80 % had irregular or 
partially irregular margins, while a similar per-
centage of benign masses had well-defined or 
partially irregular margins. The majority of both 
benign and malignant lesions showed moderate 
or strong enhancement, no predominant enhance-
ment pattern emerged for either type of mass. In 
contrast to the study of Berquist et al. [1], margin, 
signal homogeneity on T2-weighted images, sig-
nal intensity on T1-weighted images, shape, and 
enhancement pattern were statistically nondis-
criminatory [27].

Our group also prospectively assessed the 
value of MRI in grading soft tissue tumors in a 
series of 548 untreated patients originating from 
a multi-institutional database, 123 with malig-
nant and 425 with benign tumors. The thresholds 
to differentiate between malignant and benign 
STT are interpreted in a nonquantitative way 
using grading parameters described in literature. 
We obtained a sensitivity of 93 %, a specificity of 
82 %, a negative predictive value of 98 %, and a 
positive predictive value of 60 % in diagnosing 
malignancy [12].

More recently, we showed that a second opin-
ion report by a center with large expertise in STT 
may improve the overall accuracy of grading and 
characterization from 83 % up to 92 % [35].

MR parameters that suggest malignancy of a 
soft tissue mass are summarized in Table 9.2.

9.3  Tissue-Specific Diagnosis

Benign soft tissue lesions often have a character-
istic imaging appearance obviating the need of 
further histological confirmation. Unfortunately, 
a tissue-specific diagnosis (characterization) can-
not be obtained in all STT, particularly not in 
malignant STT.

A combination of nonimaging parameters and 
imaging parameters on different imaging modali-
ties may however be helpful in noninvasive char-
acterization of STT.

9.3.1  Nonimaging Parameters

Table 9.2 Most useful MR parameters that suggest 
malignancy of a soft tissue lesion

Large size (more than 3 cm)

Ill-defined margins

Inhomogeneity on all pulse sequences

Intralesional hemorrhage or necrosis

Marked and peripheral enhancement pattern (with 
papillary projections) on static contrast examination

Rapid enhancement with steep slope on dynamic 
contrast examination

Extracompartmental extension

Invasion of adjacent bones and neurovascular bundles

Relative Prevalence, Location, and Patient’s 

Age

The overall annual clinical incidence of 
STT is relatively rare, accounting for 250 
per 100,000 for benign STT as compared 
with 3 per 100,000 for malignant ones. 
Although some individual entities are rare 
and therefore difficult to remember for the 
radiologist, fortunately 70 % of benign and 
80 % of malignant tumors can be classified 
in, respectively, six and seven “diagnostic 
categories,” which are summarized in 
Table 9.3 [16, 17].
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In addition, location of the lesion and the age/
gender of the patient are very useful nonimaging 
parameters that may help to suggest a tissue- 
specific diagnosis on imaging. The usefulness of 
these nonimaging parameters, including relative 
prevalence, age at presentation, sex distribution, 
and zonal distribution, has been well documented 
by Kransdorf in a large referral population of 
benign and malignant STT [16, 17].

This study is subject to inherent selection bias 
(e.g., malignant looking STT are more referred 
for second opinion than benign ones; small 
superficial lesions are excised or sampled with-
out imaging). Despite the limitations of the study, 
the tables from Kransdorf’s paper are highly use-
ful in the evaluation of soft tissue tumor pathol-
ogy (Tables 9.4 and 9.5) [16, 17].

Preferential location of STT is summarized in 
Table 9.6 and further discussed in the each chap-
ter of part III of this book.

If multiple or bilateral soft tissue lesions are 
encountered, one should think of neurogenic 
tumors (see Chap. 17), soft tissue metastases 
(see Chap. 23), xanthomatosis of tendons 
(Fig. 9.3), multiple desmoid tumors (see Chap. 
13), elastofibroma dorsi (Fig. 9.4) [36], etc. (see 
Table 9.7).

9.3.2  Imaging Parameters

Anaerobic soft tissue infection or abscess may 
contain air bubbles (see Chap. 2 for further 
discussion).

Table 9.3 Major diagnostic groups of soft tissue tumors

70 % benign 80 % malignant

Lipoma and variants Myxofibrosarcoma

Fibrous histiocytoma Liposarcoma

Nodular fasciitis Leiomyosarcoma

Hemangioma Malignant peripheral 
nerve sheath tumor

Fibromatosis Synovial sarcoma

Neurofibroma-schwannoma Fibrosarcoma

Sarcoma NOS (not 
otherwise specified)

Multiplicity/Bilateral Lesions

Multiplicity is another nonimaging param-
eter that may help to narrow down the dif-
ferential diagnosis.

Concomitant Diseases

Recognition of a soft tissue tumor and a 
concomitant disease may lead to a highly 
specific diagnosis on imaging (see 
Table 9.8).

Plain Films

Certain STT contain intralesional calcifica-
tions or ossifications, which may increase 
specificity in diagnosis [25].

Computed Tomography

Computed tomography (CT) is currently 
surpassed by MRI for evaluation of soft tis-
sue tumors, because of its relatively low 
contrast resolution and because of radiation 
constraints. The technique may – how-
ever – be useful for demonstration of subtle 
intralesional calcifications/ossifications or 
in case of contraindications for MRI (see 
Chap. 2).

Ultrasound

Ultrasound is often used for detection and 
characterization of superficially located 
benign periarticular cysts (see Chap. 1). 
Further imaging is rarely needed in these 
scenarios. However, myxoid tumors should 
not be misinterpreted as true cystic lesions. 
Ultrasound is not recommended for tissue-
specific diagnosis of solid, large, and 
deeply located lesions.

F.M. Vanhoenacker
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Table 9.6 Preferential location of soft tissue tumors

Location Tumor

Neck Cystic hygroma – lymphangioma 
(infants)

Capillary hemangioma (infants)

Myofibroma (children)

Infantile desmoid fibromatosis (children)

Dorsal neck Nuchal fibroma

Sternocleidomastoid muscle Fibromatosis colli (children)

Carotid bifurcation Glomus tumor

Trunk Axilla Cystic hygroma – lymphangioma

Subscapular Elastofibroma

Spinoglenoid notch Ganglion cyst

Paraspinal gutter Neurogenic tumor

Abdomen Rectus abdominis muscle Abdominal desmoid

Costal gutter – paraspinal gutter Neurogenic tumor

Psoas muscle, parapsoatic Plexiform neurofibroma

Pelvis Presacral Plexiform neurofibroma

Buttock, lateral aspect Desmoid

Injection granuloma

Coccyx Extraspinal ependymoma

Upper limb Deltoid, subcutaneous Desmoid

Injection granuloma

Forearm, volar aspect Nodular fasciitis

Medial epitrochlear lymph node Cat scratch disease

Wrist Ganglion cyst

Wrist, volar aspect Fibrolipohamartoma of median nerve

Hand Gouty tophi

Hand, volar aspect Palmar fibromatosis

Fibrolipohamartoma of median nerve

Hypothenar Hypothenar hammer syndrome

Finger Macrodystrophia lipomatosa

Finger, volar aspect Giant cell tumor of tendon sheath

Finger, dorsal aspect Digital fibroma (children)

Finger, tip Epidermoid cyst

Glomus tumor

Lower limb Flexor aspect, along major nerves Schwannoma

Thigh Fibrohamartoma of infancy (infants)

Alveolar soft part sarcoma (adults)

Sarcoma (liposarcoma) (older men)

Knee Synovial hemangioma

Pigmented villonodular synovitis (young, 
middle-aged men)

Lipoma arborescens (older men)

Knee, popliteal fossa Pigmented villonodular synovitis

Baker’s cyst

(continued)
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Any lesion with increased (color) Doppler 
flow should be regarded as a potential malig-
nancy and should be referred for MRI [21]. 
Further evaluation with MRI is then needed.

A clear history of trauma is required to make 
the reliable diagnosis of an intramuscular hema-
toma. Meticulous correlation with clinical find-
ings is always required in order not to overlook 
potential malignancy. Careful clinical and imag-
ing follow-up is needed.

Table 9.6 (continued)

Location Tumor

Synovial cyst

Ganglion cyst

Meniscal cyst

Nerve sheath tumor

Aneurysm of popliteal artery

Knee, tibiofibular joint Ganglion cyst

Ankle Ganglion cyst

Foot, extensor aspect Ganglion cyst

Sole Synoviosarcoma (young adults)

Plantar fibromatosis

Heel Clear cell sarcoma

Metatarsals Morton’s neuroma (women)

Toes Giant cell tumor of tendon sheath

Upper and lower limb Fibrous histiocytoma

Myxofibrosarcoma

Myositis ossificans

Extensor aspect Leiomyoma (young adults)

Joints, periarticular Synovial hemangioma

Amyloidosis

Lipoma arborescens

Pigmented villonodular synovitis

Synoviosarcoma

Tendons (Achilles tendon, bilateral) Xanthoma

Giant cell tumor of tendon sheath

Course of major nerves Nerve sheath tumors

Cutis, subcutis Desmoid

Neurofibroma

Nodular fasciitis

Dermatofibrosarcoma protuberans

Granular cell tumor

Magnetic Resonance Imaging

Like previously mentioned for grading, MRI 
is also the most useful imaging technique for 
suggesting a tissue-specific diagnosis if the 
following MR parameters are combined: 
morphology, signal intensities on T1- and 
T2-weighted images (WIs), fat suppression 
(FS), homogeneity, and pattern and degree of 
contrast enhancement on (dynamic) con-
trast-enhanced MRI [23, 28, 38, 39].
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a b

c d

e

Fig. 9.2 (a–e). Malignant peripheral nerve sheath tumor 
of the chest wall in a 29-year-old woman: (a) CT scan of 
the chest after I-contrast injection; (b) axial SE 
T1-weighted MR image; (c,d) axial SE T2-weighted MR 
image; (e) axial SE T2-weighted MR image after 
Gd-contrast injection. On CT scan of the chest, there is a 
large, rounded, and sharply demarcated mass located in 
the costovertebral gutter, with the presence of intrale-
sional calcifications and spoke-wheel-like enhancement 
after contrast injection (a). On T1-WI the lesion is inho-
mogeneous and of intermediate SI. There is a small area 
of high SI laterally within the mass (arrow) (b). On T2-WI 
there is again a spoke-wheel appearance of the lesion; 
there are multiple fluid-fluid levels and rounded high SI 

areas (small arrows) on a background of intermediate to 
high SI (c,d). On T1-WI after contrast injection, there is 
marked enhancement without enhancement of the rounded 
high SI areas on T2-WI (compare (d) with (e)). Large size 
(50 × 80 × 80 mm), extracompartmental extension and 
bone involvement, inhomogeneous distribution of SI, and 
the presence of amorphous calcifications within the lesion 
are parameters, predicting malignancy. Sharp margins and 
the presence of intralesional hemorrhage are nondiscrimi-
natory parameters. Localization is in favor of a neuro-
genic tumor. Histologic diagnosis after resection 
confirmed the diagnosis of a malignant nerve sheath 
tumor (right 8th intercostal nerve)
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Morphology is particularly helpful in 
prediction of tissue-specific diagnosis (Table 9.9). 
Typical morphological signs are lasagna sign in 
elastofibroma dorsi (Fig. 9.4 and Chap. 21, 

Fig. 21.43), broccoli sign in lipoma arborescens 
(see Chap. 12, Fig. 12.28 and Chap. 20, Fig. 
20.21), target sign in neurofibroma (Fig. 9.5 and 
Chap. 17), fluid-fluid sign in hemangioma/lymph-
angioma (Table 9.10) (Fig. 9.6 and Chap. 16), and 
other STT in which hemorrhage occurred.

Based on the analysis of signal intensity (SI) 
on T1-WI and T2-WI, four major characteristic 
groups of STT can be distinguished (Table 9.11). 
The use of FS techniques may be helpful to dif-
ferentiate between lipomatous and nonlipoma-
tous components.

• Group I: Lesions which are of high SI on 
T1-WI similar to subcutaneous fat, intermedi-
ate on TSE T2-WI, and suppressed equally to 
fat on FS images may indicate the presence of 
fat (see examples in Chap. 12).

a b

c

Fig. 9.3 (a–c). Xanthoma of both Achilles tendons in a 
patient with familial hypercholesterolemia. The lesions 
are fusiform on sagittal images (only one side shown) (a) 

and have a speckled appearance on axial SE-T1-WI (b), 
and the signal of intratendinous xanthomatous areas is not 
reduced on fat-suppressed T1-WI (c)

Table 9.7 Lesion that may be multiple or bilateral

Venous malformation

Lipoma 5–8 %

Lipoma of tendon sheath (50 %)

Desmoid

Neurofibroma

Myxoma

Metastasis

Dermatofibrosarcoma protuberans

Kaposi’s sarcoma

Xanthoma

Injection granuloma

F.M. Vanhoenacker
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• Group II: Intermediate to high SI on T1-WI 
compared to normal muscle and a high SI on 
T2-WI may correspond to subacute blood, 
slow-flowing blood in slow-flow vascular 
malformations, high protein content in 
lymphangiomas (see Chap. 16), and melanin 
in melanoma and clear cell sarcomas (see 
Chap. 18). In contradistinction to fat-con-
taining lesions, there is absence of signal 
drop.

• Group III: A combination of low SI on T1-WI 
and high SI on T2-WI is seen in cystic lesions 
(Fig. 9.7 and Chap. 20) and myxoid- containing 
tumors such as myxoma (see Chap. 18) and 
other sarcoma containing myxoid components 
such as myxoid liposarcoma (see Chap. 12) 
[29]. Myxoid-containing lesions show a mod-
erate decrease in SI after FS when compared 
with non-FS T1-WI.

• Group IV: Low SI on T1-WI and T2-WI can be 
caused by fibrous tissue in desmoids and other 
fibromatoses, hemosiderin in old hematomas, 
and pigmented villonodular synovitis (PVNS) 
(Fig. 9.8 and Chap. 14). Hypercellularity in 
high-grade malignancies and lymphomas (see 
Chap. 22) may also cause a relatively low SI, 
especially on T2-WI. The presence of blooming 
on gradient-echo sequences indicating suscepti-
bility artifacts due to hemosiderin is particularly 
helpful to distinguish PVNS from other lesions 
with a low T1 and T2 signals. Certain lesion 
may demonstrate an intratumoral signal void 
(Table 9.12).

The abovementioned MRI characteristics for 
some specific tumors are further described in the 
respective chapters.

Table 9.8 Concomitant diseases

Concomitant osseous involvement Pigmented villonodular synovitis

Lymphoma

Desmoid

Angiomatosis

Parosteal lipoma

Myofibromatosis (children)

Juvenile hyaline fibromatosis (children)

Maffucci’s disease Cavernous hemangioma(s)

Fibrous dysplasia (Mazabraud) Myxoma(s)

Neurofibromatosis Schwannoma(s)

Neurofibroma(s)

Gardner’s syndrome Fibromatosis

Dupuytren’s disease (flexion contractures) Palmar fibromatosis

Macrodystrophia lipomatosa of the digits Fibrolipohamartoma of the median nerve

Familial hypercholesterolemia Xanthoma

Normolipidemia + lymphoma or granuloma Cutaneous xanthoma

Multiple myeloma Amyloidosis

Turner’s syndrome Lymphangioma

Diabetes + degenerative joint disease + trauma Lipoma arborescens

Table 9.9 Morphology

Fusiform (ovoid) Neurofibroma

Lipoma

Dumbbell Neurofibroma

Desmoid

Moniliform Neurofibroma

Synovial – ganglion cyst

Round Cyst

Schwannoma

Serpiginous Hemangioma

Soap 
bubbles – cauliflower

Lipoma arborescens

Nodular Fibromatosis (plantaris, 
palmaris)

Branching (bilateral) Plexiform neurofibroma

Finger-like
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A second opinion report by a center with large 
expertise in STT may improve the overall accuracy 
of grading and also tissue-specific diagnosis [35].

The role of advanced MR techniques such as 
diffusion-weighted imaging, diffusion tensor 
imaging, and MR spectroscopy for tissue-specific 
diagnosis is still debated [8] (see also Chap. 5).

a b

Fig. 9.4 (a, b) Bilateral elastofibroma dorsi. (a) Axial 
TSE T2-weighted MR image; (b) coronal TSE 
T2-weighted MR image. Elastofibroma dorsi has a typical 
multilayered morphology, consisting of alternating bands 

of low signal with intermingled fatty components, resem-
bling lasagna. The lesions are often bilateral and are typi-
cally located in the periscapular region between the 
thoracic wall muscles and the ribs

Table 9.10 Fluid-fluid levels

Hemangioma

Cystic lymphangioma

Synoviosarcoma

Myxoma

Hematoma

Myositis

Metastasis

Fig. 9.5 Target sign in neurofibroma of the tibial nerve. 
Axial TSE T2-weighted MR image showing a lesion 
located on the course of the tibial nerve. The lesion has a 
target-like appearance (black arrow), consisting of a 
hypointense center and a hyperintense periphery (see also 
Chap. 17 for further explanation of this sign)

Other Diagnostics Techniques

The role of cytogenetics and molecular 
genetics in tissue-specific diagnosis of STT 
is discussed in Chap. 6.
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Table 9.11 Major diagnostic groups of STT according 
to their signal intensities on T1- and T2-weighted images

Group I

High signal intensity on 
T1-weighted images, 
intermediate signal 
intensity on 
T2-weighted images

Lipoma

Liposarcoma

Lipoblastoma

Hibernoma

Elastofibroma

Fibrolipohamartoma

Metastasis of melanoma 
(melanin)

Clear cell sarcoma 
(melanin)

Group II

High signal intensity on 
T1-weighted images, 
high signal intensity on 
T2-weighted images

Hemangioma

Lymphangioma

Subacute hematoma

Small arteriovenous 
malformation

Group III

Low signal intensity on 
T1-weighted images, 
high signal intensity on 
T2-weighted images

Cyst

Myxoma

Myxoid liposarcoma

Most sarcoma

Group IV

Low to intermediate 
signal intensity on 
T1-weighted images, 
low to intermediate 
signal intensity on 
T2-weighted images

Desmoid and other 
fibromatoses

(continued)

Table 9.11 (continued)

Group IV

Pigmented villonodular 
synovitis

Morton’s neuroma

Fibrolipohamartoma

Giant cell tumor of tendon 
sheath

Acute hematoma (few days)

Old hematoma

Xanthoma

High-flow arteriovenous 
malformation

Mineralized mass

Scar tissue

Amyloidosis

Granuloma annulare

Lymphoma

High-grade malignancies

Fig. 9.6 Fluid-fluid level (white arrows) in a hemangi-
oma located on the course of the sural nerve on an axial 
FS TSE T2-weighted MR image (see also Chap. 16)

9 Grading and Tissue-Specific Diagnosis
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a b

c

Fig. 9.7 Meniscal cyst: (a) sagittal T1-weighted MR 
image; (b) sagittal FS T2-weighted MR image of the 
knee; (c) sagittal FS T2-weighted MR image of the knee 
at the level of the medial meniscus. The lesion isointense 

to muscle on T1-WI (a) and of high SI on FS T2-WI (b). 
Adjacent to the cystic lesion, there is a transverse medial 
meniscus tear (black arrow) communicating with the cys-
tic lesion

F.M. Vanhoenacker
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a b

Fig. 9.8 Pigmented villonodular synovitis (PVNS): (a) 
axial T1-weighted MR image; b) coronal T2-weighted 
MR image of the left ankle. There is a large intra-articular 

lesion, causing erosions of the margins of the talocrural 
joint. The lesions contain large foci of low signal, in keep-
ing with old blood components (hemosiderin)

Table 9.12 Intratumoral signal void

Flow Hemangioma (capillary)

Arteriovenous malformation

Calcification Hemangioma (phlebolith)

Lipoma (well-differentiated 
and dedifferentiated)

Desmoid

Cartilaginous tumors

Osteosarcoma of soft tissue

Synoviosarcoma (poorly 
defined, amorphous)

Chordoma

Alveolar soft part sarcoma

Myositis ossificans 
(marginal-zonal)

High content of 
collagen

Desmoid

Key Points

 1. Most soft tissue tumors are benign (60–
75 %). The major role of grading con-
sists in recognizing benign soft tissue 
tumors, which will be excluded from 
further invasive diagnostic and thera-
peutic procedures.

 2. Accuracy of individual (MR imaging) 
parameters is low.

 3. Best results are obtained by combining 
individual grading parameters. Besides 
age and location, morphology, signal 
intensities on different pulse sequences, 
the presence of signal voids, the presence 
of fluid-fluid levels, multiplicity, and 

9 Grading and Tissue-Specific Diagnosis
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The initial work-up of a (suspected) soft tissue 
tumor (STT) comprises a thorough history and 
clinical examination, as certain findings (e.g., age 
of the patient, location and size of the lesion, his-
tory of trauma, etc.) may point the physician 
toward a presumptive diagnosis. As explained in 
Chaps. 9 and 10 plays clinical information a 
 pivotal role in the initial work-up of a STT lesion. 

We also refer to the guidelines for diagnostic 
imaging of STTs approved by the European 
Society of Skeletal Radiology (ESSR) [1].

Figure 10.1 provides a diagnostic algorithm 
for initial imaging diagnosis of a STT. The pro-
posed imaging pathway may provide a rough 
guide to diagnosis of soft tissue tumor in most 
clinical scenarios.

It must be emphasized – however – that this 
summary is by no way exhaustive or exclusive. 
The diversity and rarity of soft tissue tumors 
demand for a tailored approach of each lesion, 
dependent of tumor characteristics.
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Fig. 10.1 Diagnostic algorithm for initial imaging diagnosis of a STT

Key Points

 1. Clinical information is of utmost impor-
tance in the diagnosis of STTs.

 2. Initial imaging evaluation of a patient present-
ing with a superficial STT starts with Doppler 
ultrasound. Plain films (or CT) may provide 
complementary information by showing soft 
tissue calcification and bone involvement.

 3. If the lesion has no definite benign charac-
teristics on these imaging modalities, MRI 
has to be performed for further evaluation 
of the lesion.

 4. For evaluation of deeply located or large 
soft tissue lesions, MRI is preferred as ini-
tial imaging modality. Also in this scenario, 
plain films (or CT) may provide comple-
mentary information.

 5. If the mass suggests malignancy on MR 
images, biopsy is mandatory.

 6. MRI is the best method for local staging of 
a STT.

 7. Close cooperation between radiologists 
and pathologists increases diagnostic 
accuracy.

E. De Smet et al.
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11.1  Introduction

Soft tissue tumors (STT) represent a complex 
group of lesions that may show a broad range of 
differentiation. The WHO (World Health 
Organization) classification was established and 
up-to-dated in 2013 for the purpose of uniformity 
[1]. The WHO system helps to unify the lexicon 
for the performance of clinical trials and to serve 
as a guide for the multidisciplinary working 
group of specialists such as radiologists, patholo-
gists, and orthopedic oncologists, to improve the 
patient’s management and outcome. The nomen-
clature has been adapted by the American Joint 
Cancer Commission (AJCC) for sarcoma staging 
and by the College of American Pathologists 
Cancer protocols for soft tissue sarcomas. The 
2013 classification is the 4th edition and replaces 
the previous edition in 2002 [2]. The major modi-
fications from the previous edition are the addi-
tion of three new chapters: gastrointestinal 
stromal tumors (GIST), nerve sheath tumors, and 
undifferentiated/unclassified sarcomas.

The WHO classification incorporates detailed 
clinical, histological, and genetic data. There are 
also imaging features in the new edition of soft 
tissue tumor classification.

The classification of soft tissue tumors of the 
WHO includes the following groups: (1) adipo-
cytic tumors, (2) fibroblastic/myofibroblastic 
tumors, (3) so-called fibrohistiocytic tumors, (4) 
smooth muscle tumors, (5) pericytic (perivascu-
lar) tumors, (6) skeletal muscle tumors, (7) vas-
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cular tumors, (8) gastrointestinal stromal 
tumors, (9) nerve sheath tumors, (10) chondro-
osseous tumors, (11) tumors of uncertain differ-
entiation, and (12) undifferentiated/unclassified 
sarcomas.

Generally, the WHO classification divides 
each group in four categories according to bio-
logical behavior: benign, intermediate (locally 
aggressive), intermediate (rarely metastasizing), 
and malignant.

The new classification has incorporated more 
detailed cytogenetic and molecular data in accor-
dance with the rapidly increasing knowledge of 
genetics of tumors.

This chapter reviews the main features of the 
classification with the major changes within the 
different categories of soft tissue tumors. 
Table 11.1 summarizes all relevant changes of 
the 2013 WHO classification of STT.

11.2  Adipocytic Tumors

Due to the high incidence of lipomas, angiolipo-
mas, and liposarcomas, adipocytic tumors repre-
sent the largest single group of mesenchymal 
tumors. The WHO classification persists to con-
sider atypical lipoma (atypical lipomatous tumor) 
and well-differentiated liposarcoma as essen-
tially synonymous (Table 11.2) and considered 
locally aggressive with no potential for metasta-
sis [1]. The terms “mixed-type liposarcoma” and 
myxolipoma have been deleted.

In children diffuse lipoblastoma is now the 
preferred term for lipoblastomatosis.

The definition of dedifferentiated liposar-
coma has been slightly modified and is cur-
rently subdivided into four groups (see 
Table 11.1). Chondroid lipoma may resemble 
myxoid liposarcoma. Unlike myxoid liposar-

Table 11.1 Changes and update relevant for radiologists in the 2013 WHO classification of tumors of the soft tissue

Tumor category Major changes

Adipocytic Mixed-type liposarcoma removed

Fibroblastic DFSP and giant cell fibroblastoma included for the first time

Myofibroblastic “Hemangiopericytoma” removed as a synonym for SFT

Recognition of nodular fasciitis and variants as true neoplasms

So-called fibrohistiocytic “Malignant fibrous histiocytoma” removed

Smooth muscle Angioleiomyoma reclassified as pericytic tumor

Pericytic Angioleiomyoma reclassified as a pericytic tumor

Myofibroma now classified as pericytic tumor

Skeletal muscle Spindle cell/sclerosing rhabdomyosarcoma classified together and 
separated from others subtypes

Vascular Pseudomyogenic (epithelioid sarcoma-like)

Hemangioendothelioma added as a new entity

Gastrointestinal stromal GIST included in the volume on STT for the first time

Nerve sheath Peripheral nerve sheath tumors included volume on STT for the first time

New hybrid benign nerve sheath tumors included (schwannoma/
perineurioma)

Tumors of uncertain differentiation New tumors: acral fibromyxoma, hemosiderotic fibrolipomatous tumor 
differentiation

Phosphaturic mesenchymal tumor

Atypical fibroxanthoma now included

PNET removed as synonym for Ewing’s sarcoma

Undifferentiated/other category Includes tumors that cannot be classified into any unclassified sarcoma

Abbreviations: WHO World Health Organization, DFSP dermatofibrosarcoma protuberans, SFT solitary fibrous tumor, 
GIST gastrointestinal stromal tumor, STT soft tissue tumor, PNET primitive neuroectodermal tumor
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coma chondroid lipoma usually shows calcifi-
cations, which are best demonstrated by 
radiographs, CT, or US [3].

11.3  Fibroblastic/Myofibroblastic 
Tumors

Fibroblastic/myofibroblastic tumors represent a 
very large group of mesenchymal tumors, many 
of which contain fibroblastic as well as myofi-
broblastic elements (Table 11.3). The current 
WHO classification recognizes that nodular fas-
ciitis, proliferative fasciitis, and proliferative 
myositis (Fig. 11.1) are neoplastic [4], whereas 
previously they were believed to be reactive 
lesions.

Other changes were the inclusion of the 
closely related giant cell fibroblastoma and der-
matofibrosarcoma protuberans (DFSP), for-
merly included in volume on skin lesions. DFSP 
is categorized as a rarely metastasizing (inter-
mediate) tumor, although it should be noted that 
metastatic potential is gained only when a com-
ponent of a fibrosarcomatous change is present 
[5]. Giant cell fibroblastoma is classified in the 

locally aggressive (intermediate) category 
because it recurs in approximately 50 % of 
cases, but does not metastasize [6]. 
Hemangiopericytoma has been removed from 
the classification of “extrapleural solitary 
fibrous tumor” because it is well established that 
this outdated term included tumors that repre-
sented cellular examples of SFT [5]. Lipomatous 
hemangiopericytoma and giant cell angiofi-
broma have also been included as SFT. The term 

Table 11.2 Group 1 – Adipocytic tumors

Benign

Lipoma

Lipomatosis

Lipomatosis of the nerve

Lipoblastoma

Angiolipoma

Myolipoma of the soft tissue

Chondroid lipoma

Spindle cell lipoma/pleomorphic lipoma

Hibernoma

Intermediate (locally aggressive)

Atypical lipomatous tumor/well-differentiated 
liposarcoma

Malignant

Dedifferentiated liposarcoma

Myxoid liposarcoma

Pleomorphic liposarcoma

Liposarcoma, not otherwise specified

Table 11.3 Group 2 – Fibroblastic/myofibroblastic 
tumors

Benign

Nodular fasciitis (proliferative fasciitis/proliferative 
myositis)

Myositis ossificans

Elastofibroma

Fibromatosis colli

Fibrous hamartoma of infancy

Juvenile hyaline fibromatosis

Inclusion body fibromatosis

Fibroma of the tendon sheath

Desmoplastic fibroblastoma

Mammary-type myofibroblastoma

Calcifying fibrous tumor

Angiofibroma

Angiomyofibroblastoma

Gardner fibroma

Calcifying fibrous tumor

Intermediate (locally aggressive)

Superficial fibromatosis (plantar/palmar)

Desmoid-type fibromatosis

Lipofibromatosis

Giant cell fibroblastoma

Intermediate (rarely metastasizing)

Dermatofibrosarcoma protuberans

Solitary fibrous tumor

Inflammatory myofibroblastic tumor

Myofibroblastic sarcoma/atypical myxoinflammatory 
fibroblastic tumor

Infantile fibrosarcoma

Malignant

Adult fibrosarcoma

Myxofibrosarcoma

Low-grade fibromyxoid sarcoma

Sclerosing epithelioid fibrosarcoma

11 WHO Classification of Soft Tissue Tumors
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“atypical myxoinflammatory fibroblastic tumor” 
was introduced for as synonym for “myxoin-
flammatory fibroblastic sarcoma.” This new 
term better reflects the extremely low potential 
for metastasis for this tumor type.

11.4  So-Called Fibrohistiocytic 
Tumors

As the concept of fibrohistiocytic differentiation 
has been a matter of debate [7], malignant fibrous 
histiocytoma (MFH) has been finally deleted 
from the current WHO classification. MFH and 
its subtypes have been reclassified in the new 
separate group of unclassified/undifferentiated 
sarcomas (group 12). Thus, group 3 now does 
not include malignant tumors (Table 11.4). It 
includes the common tenosynovial giant cell 
tumors, the uncommon giant cell tumor 

(Fig. 11.2) of soft tissues, and the plexiform 
fibrohistiocytic tumor.

11.5  Smooth Muscle Tumors

Smooth muscle tumors arising at non-cutaneous, 
non-uterine locations have been the focus of a 
considerable conceptual shift in the past but  
there were no major changes in this category 
(Table 11.5). The only change is that 

Fig. 11.1 Proliferative myositis of the thigh. Axial 
T2-WI image shows a well-defined mass (arrow) within 
the adductor muscle with inhomogeneous mild high sig-
nal intensity with areas of low signal within the lesion due 
to the fibrous content

Table 11.4 Group 3 – The so-called fibrohistiocytic 
tumors

Benign

Tenosynovial giant cell tumor

  Localized type

  Diffuse type

  Malignant

Deep benign fibrous histiocytoma

Intermediate (rarely metastasizing)

Plexiform fibrohistiocytic tumor

Giant cell tumor of the soft tissue

Fig. 11.2 Giant cell tumor of the soft tissue with Paget’s 
disease. Axial T2-WI image shows an intermediate signal 
nodular lesion in the pretibial subcutaneous space (thin 
arrow). Note the cortical thickening due to Paget’s disease 
(thick arrow)
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 angioleiomyoma (vascular leiomyoma) was real-
located to the category of pericytic (perivascular) 
tumors (group 5). There are no changes on the 
deep leiomyosarcoma, although some tumors 
classified as undifferentiated pleomorphic sar-
coma closely resemble a subset of leiomyosar-
coma, which may suggest the existence of 
“dedifferentiated leiomyosarcoma.”

11.6  Pericytic (Perivascular) 
Tumors

The lesions in the pericytic/perivascular category 
were first included in the 2002 edition. At the 
same time, hemangiopericytoma was removed 
from this group and listed as synonym for soli-
tary fibrous tumor (group 2). Although rare, the 
most common tumor analyzed on imaging in this 
group is glomus tumor [8], composed of cells 
resembling the modified smooth muscle cells of 
the normal glomus body. It has been acknowl-
edged that myofibroma/myofibromatosis repre-
sent morphological features along the spectrum 
of myopericytic neoplasms (Table 11.6) instead 
of fibroblastic/myofibroblastic tumors (group 2), 
which were included in the past. Angioleiomyoma 
(vascular leiomyoma) which typically presents as 
a painful lesion in the distal extremities of 
middle- aged adults has now been included in this 
group [9, 10].

11.7  Skeletal Muscle Tumors

Two entities have been added: rhabdomyoma and 
rhabdomyosarcoma (Table 11.7).

Rhabdomyoma is subdivided into cardiac and 
extracardiac types and pathologically as adult, 
fetal (immature skeletal muscle fibers), and geni-
tal (female or male genital tract). Extracardiac 

adult rhabdomyoma (Fig. 11.3) is rarely reported 
on imaging [11]. Spindle cell/sclerosing rhabdo-
myosarcoma is recognized as a separate tumor 
different from embryonal rhabdomyosarcoma. 

Table 11.5 Group 4 – Smooth muscle tumors

Benign

Leiomyoma of the deep soft tissue

Malignant

Leiomyosarcoma (excluding the skin)

Table 11.6 Group 5 – Pericytic (perivascular) tumors

Benign

Glomus tumors (and variants)

  Glomangiomatosis

   Malignant glomus tumor

Myopericytoma

  Myofibroma

  Myofibromatosis

Angioleiomyoma

Table 11.7 Group 6 – Skeletal muscle tumors

Benign

Rhabdomyoma

  Adult type

  Fetal type

  Genital type

Malignant

Embryonal rhabdomyosarcoma

Alveolar rhabdomyosarcoma

Pleomorphic rhabdomyosarcoma

Spindle cell/sclerosing rhabdomyosarcoma

Fig. 11.3 Rhabdomyoma of the neck. Axial T2-WI 
image shows a large well-circumscribed lesion of inter-
mediate signal intensity within the parapharyngeal space 
extending anteriorly bilaterally in the subfascial planes of 
the muscles and showing a lobulated appearance (arrows)
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The prognosis of spindle cell rhabdomyosarcoma 
in adults is worse than in children, and recent 
insights into genetics of this tumor suggest that 
there may be underlying genetic differences 
between pediatric and adult cases [12].

11.8  Vascular Tumors

Benign vascular tumors are very common and 
most frequently occur in the skin. It is often dif-
ficult to determine whether they represent mal-
formations, true neoplasms, or reactive 
processes [13]. Hemangiomas are classified his-
tologically as synovial, venous, arteriovenous, 
mixed malformations, and intramuscular 
(Table 11.8). “Pseudomyogenic (epithelioid sar-
coma-like) hemangioendothelioma” [14] has 
been added as a rarely metastasizing neoplasm. 
This tumor commonly arises in young adult 
males, often presents as multiple discontiguous 
nodules in different tissue planes of a limb 
(Fig. 11.4), and may involve the skin as well as 
deep soft tissues and the bone. This tumor tends 

to be highly FDG- avid, and therefore PET-CT is 
useful for the detection of deep lesions.

There are no changes on the classification of 
angiosarcoma and epithelioid hemangioendothe-
lioma (EHE) although new genetic data has 
shown that multifocal EHE most likely arises as 
a result of metastatic disease rather than repre-
senting synchronous primary tumors as previ-
ously thought.

Immunohistochemical analysis can differenti-
ate postradiation vascular proliferation from 
angiosarcoma [15].

11.9  Chondro-Osseous Tumors

There are no changes on the chondro-osseous soft 
tissue tumors (Table 11.9). Myositis ossificans was 
regarded as a (myo)fibroblastic lesion in the 2002 
version, and extraskeletal myxoid chondrosarcoma 
(EMC) was also classified in the tumors of uncer-
tain differentiation, since it shows little evidence of 
cartilaginous differentiation [2], despite the name. 
A synonym for EMC is chordoid sarcoma.

Table 11.8 Group 7 – Vascular tumors

Benign

Hemangioma

  Synovial

  Venous

  Arteriovenous hemangioma/malformation

Epithelioid hemangioma

Angiomatosis

Lymphangioma

Intermediate (locally aggressive)

Kaposiform hemangioendothelioma

Intermediate (rarely metastasizing)

Retiform hemangioendothelioma

Papillary intralymphatic angioendothelioma

Composite hemangioendothelioma

Pseudomyogenic (epithelioid sarcoma-like) 
hemangioendothelioma

Kaposi sarcoma

Malignant

Epithelioid hemangioendothelioma

Angiosarcoma of the soft tissue

Fig. 11.4 Pseudomyogenic (epithelioid sarcoma-like) 
hemangioendothelioma of the hand. Axial STIR MR 
image of the hand shows two nodular high signal intensity 
lesions at the subcutaneous tissue of the hypothenar 
region (arrows)

Table 11.9 Group 8 – Chondro-osseous tumors

Benign

Soft tissue chondroma

Malignant

Mesenchymal chondrosarcoma

Extraskeletal osteosarcoma
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Mesenchymal chondrosarcoma of soft tissues 
occurs less frequently than the EMC, but nearly 
half of the mesenchymal chondrosarcomas are 
extraskeletal in location [16].

Extraskeletal osteosarcoma, soft tissue osteo-
sarcoma, shows similar histologic features of bone 
osteosarcoma without systematic genetic differ-
ences [1].

11.10  Gastrointestinal Stromal 
Tumors

This group has been added, gastrointestinal stromal 
tumor (GIST), which is the most common primary 
mesenchymal tumor in the gastrointestinal tract. 
Histologically GIST are classified as benign, 
uncertain malignant potential, and malignant. 
Prognostic factors are tumor size, mitotic activity, 
and anatomical site [17]. Almost 50 % arise in the 
stomach, 30 % in the small intestine, and the rest 
for the colon, rectum, and esophagus and primary 
disseminated with unspecified site of origin. 
Isolated cases have been reported in the appendix. 
As GIST present with abdominal symptoms and 
are detected by ultrasound or CT scans of the abdo-
men (Fig. 11.5), these lesions are not referred to as 
musculoskeletal tumors as such.

11.11  Peripheral Nerve Sheath 
Tumors

Nerve sheath tumors were previously included 
in the 2007 WHO classification of tumors of the 
central nervous system. Although imaging 
reviews on soft tissue tumors already regarded 
nerve sheath tumors previously as typical soft 
tissue tumors [18], nerve sheath tumors have 
been included for the first time in the WHO 
classification of soft tissue tumors since 2013 
(Table 11.10). Hybrid nerve sheath tumors, such 
as schwannoma/perineurioma [19] and neurofi-
broma/schwannoma, have been included in the 
group of peripheral nerve sheath tumors. The 
latter might be related to NF-2, NF-1, or schwan-
nomatosis [20].

11.12  Tumors of Uncertain 
Differentiation

Tumors with unknown clear line of cell differentia-
tion are included in this group. It includes a long list 
of tumors (Table 11.11). New entities have been 

Fig. 11.5 Gastrointestinal stromal tumor (GIST) of the 
stomach. Non-contrast-enhanced CT shows a bulky exo-
phytic gastric mass with well-circumscribed outer con-
tours (arrow). No calcifications are present

Table 11.10 Group 10 – Peripheral nerve sheath tumors

Benign

Schwannoma (including variants)

Melanotic schwannoma

Neurofibroma (including variants)

Perineurioma

  Malignant intermediate perineurioma

Granular cell tumor

Dermal nerve sheath myxoma

Solitary circumscribed neuroma

Ectopic meningioma

Nasal glial heterotopia

Benign triton tumor

Hybrid nerve sheath tumors

Malignant

Malignant peripheral nerve sheath tumor

Epithelioid malignant peripheral nerve sheath tumor

Malignant triton tumor

Malignant granular cell tumor

Ectomesenchymoma
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included: acral fibromyxoma (digital fibromyx-
oma), hemosiderotic fibrolipomatous tumor, phos-
phaturic mesenchymal tumor, and atypical 
fibroxanthoma. Among the group of malignant 
lesions, primitive neuroectodermal tumor (PNET) 
has been dropped as a synonym for Ewing’s sar-
coma in order to minimize confusion with similarity 
named lesions in the CNS and female genital tract.

Extraskeletal myxoid chondrosarcoma is 
included in this category as there is no convinc-
ing evidence of cartilaginous differentiation.

Deep (“aggressive”) angiomyxoma is an uncom-
mon slowly growing neoplasm with a predilection 
for pelvic and perineal regions [21] and tendency to 
local recurrence and characteristic features on MR 
(Fig. 11.6).

Ossifying fibromyxoid tumor of the soft tissue is 
a well-circumscribed lobulated hard tumor cov-
ered by a thick fibrous pseudocapsule (Fig. 11.7).

It was surprising that the term “synovial sar-
coma” remained unchanged in the current 
updated classification. As the lesion is not 
derived from true synovial cells and may 
involve virtually any body part (Fig. 11.8) [21, 
22], the term “synovial sarcoma” is indeed a 
misnomer. Therefore, future revisions of the 
WHO classification on STT should consider to 
abandon the confusing term “synovial 
sarcoma.”

Table 11.11 Group 11 – Tumors of uncertain 
differentiation

Benign

Acral/digital fibromyxoma

Intramuscular – juxtaarticular myxoma

Deep (“aggressive”) angiomyxoma

Pleomorphic hyalinizing angiectatic tumor

Ectopic hamartomatous thymoma

Intermediate (locally aggressive)

Hemosiderotic fibrolipomatous tumor

Intermediate (rarely metastasizing)

Atypical fibroxanthoma

Angiomatoid fibrous histiocytoma

Ossifying fibromyxoid tumor

Mixed tumor

Myoepithelioma/carcinoma

Phosphaturic mesenchymal tumor

Malignant

Synovial sarcoma

Epithelioid sarcoma

Alveolar soft part sarcoma

Clear cell sarcoma of the soft tissue

Extraskeletal myxoid chondrosarcoma

Malignant mesenchymoma

Desmoplastic small round cell tumor

Extraskeletal Ewing sarcoma

Extrarenal rhabdoid tumor

Neoplasms with perivascular epithelioid cell 
differentiation (PEComa)

Intimal sarcoma

Fig. 11.6 Aggressive angiomyxoma of the pelvis. 
Coronal T2-WI shows an hyperintense mass (long arrows) 
extending through the left ischiorectal fossa with a lay-
ered appearance (short arrows)

Fig. 11.7 Ossifying fibromyxoid tumor of the foot. Axial 
T2-WI shows a large mass (long arrows) of low signal 
intensity extending within the subcutaneous tissue. The 
low signal intensity can be attributed to calcification 
(short arrows)
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11.13  Undifferentiated/
Unclassified Sarcoma

This new category of tumors, introduced for 
the first time in the 2013 classification, recog-
nizes the fact that a small, but significant, sub-
set of sarcomas cannot be classified into any 
presently defined categories [23]. This group 
of tumors was previously included in the fibro-
histiocytic group (group 3), namely, “malig-
nant fibrous histiocytoma.” This group of 
tumors might have spindle cell, pleomorphic, 
round cell, or epithelioid morphology 
(Table 11.12). A subset of radiation- associated 
sarcomas falls into this category. These lesions 
show no definable line of differentiation  
using currently available technologies. 
Dedifferentiated types of specific sarcomas are 
not included in this category. Undifferentiated/
unclassified sarcoma accounts for up to 20 % 
of all sarcomas and about a quarter of these are 
radiation- associated tumors [24]. It is likely 
that this group of lesions will be subject to 
future reclassification along with ongoing 
progress in molecular genetics.
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Undifferentiated spindle cell sarcoma

Undifferentiated pleomorphic sarcoma

Undifferentiated round cell sarcoma

Undifferentiated epithelioid sarcoma

Undifferentiated sarcoma, not otherwise specified

Key Points

 1. The WHO classification of soft tissue 
tumors has been up-to-dated in 2013 for 
the purpose of uniformity.

 2. The new WHO classification has 
included three new groups of tumors: 
gastrointestinal stromal tumors (GIST), 
nerve sheath tumors, and undifferenti-
ated/unclassified sarcomas.

 3. Each group of tumors is divided in four 
categories regarding the biological 
potential: benign, intermediate (locally 
aggressive), intermediate (rarely metas-
tasizing), and malignant.

 4. Radiologist should know the WHO 
classification to serve as a guide to work 
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role in the work-up of soft tissue tumors.
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12.1  Introduction

Histologically adipose tissue is classified into 
two main types: white fat (lipocytes), widely dis-
tributed through the body, and brown fat, which 
is more common in rodents and hibernating ani-
mals. Brown fat is considered an immature form 
of white fat and is chiefly found in the interscapu-
lar region, neck, mediastinum, axilla, and retro-
peritoneum [31, 36].

Adipocytic tumors are common mesenchymal 
lesions that can be benign, locally aggressive, or 
malignant. There is a wide range of histological 
subtypes, the lipoma being the most frequent of 
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them. Some tumors, including lipoma and some 
types of liposarcoma, will display typical fea-
tures, which allow a specific diagnosis to be made 
[44, 45]. In recent years there have been marked 
advances in cytogenetic and molecular analysis 
of tumors with many of the benign and malignant 
adipocytic variants associated with specific 
genetic abnormalities (also see Chap. 6). In the 
following discussion, only the subdivisions of 
adipocytic tumors that arise in the soft tissues of 
the trunk and extremities are considered.

The role of magnetic resonance imaging 
(MRI) for the study and evaluation of these com-
mon tumors is emphasized throughout this chap-
ter. The superiority of this technique stems from 
its exquisite sensitivity in displaying minor dif-
ferences in tissue composition and its ability to 
specifically characterize normal fat signal. Many 
investigators have reported MRI to be diagnosti-
cally valuable in distinguishing fat-containing 
tumors from other tumors, because of its ability 
for detecting fatty components [39, 48]. On plain 
radiographs, adipocytic tumors are often not 
apparent or can occasionally be detected as a 
mass of increased density or of fatty opacity. On 
ultrasound scans, these tumors can show differ-
ent patterns of echogenicity: they are mostly 
isoechoic or hyperechoic, although a hypoechoic 
pattern may be also encountered [1]. Using com-
puted tomography (CT), diagnosis of an adipo-
cytic tumor can be straightforward when typical 
low attenuation values are found (−65 to−120 
HU). On MRI the signal intensity (SI) of fatty 
tumors tends to be equal to that of subcutaneous 
fat on all pulse sequences, including those 
obtained with fat suppression: short-tau inversion 
recovery (STIR) or chemical shift pulse 
sequences [48, 75] (Fig. 12.1).

12.2  Benign Adipocytic Tumors

The benign adipocytic tumors represent a very 
common and varied group, and according to the 
most recent World Health Organization’s 
Committee for the Classification of Soft Tissue 
Tumors (2013), nine distinct entities are distin-
guished [26]: lipoma, lipomatosis, lipomatosis of 

nerve, lipoblastoma, angiolipoma, myolipoma of 
soft tissue, chondroid lipoma, spindle cell/pleo-
morphic lipoma, and hibernoma. However, this 
classification does not distinguish true neo-
plasms, hamartomatous processes, or simple 
overgrowth of fat, mainly because the differentia-
tion is devoid of any clinical consequences. 
Myolipoma of soft tissue, extrarenal angiomyoli-
poma, and extra-adrenal myelolipoma are rare 
predominantly intra-abdominal lipoma variants, 
which are not discussed in this chapter, which 
focuses on truncal and extremity masses.

12.2.1  Lipoma

Microscopically a lipoma is usually a well- 
circumscribed and encapsulated mass composed 
of mature fat (adipocytes) differing very little 
from the surrounding fat. Although lipomas are 
well vascularized, this feature may not be readily 
apparent owing to vascular compression caused 
by the distended adipocytes.

Lipoma is the most common mesenchymal 
tumor, and in a review of 18,677 benign soft tis-
sue tumors, lipoma and lipoma variants were the 
most common group, representing 16 % of all 
lesions [44]. Lipomas generally affect patients in 
the fifth to seventh decade of life, more frequently 
in obese people but with no definite sex predilec-
tion [21, 44].

Lipomas can be superficially or deeply located 
(subcutaneous or deep lipomas); they occur most 
commonly in the subcutaneous tissue and more 
rarely in the deep soft tissue. Subcutaneous lipo-
mas are most frequently found in the upper back 
and neck, shoulder, abdomen, and proximal por-
tions of the extremities, while the less common 
deep lipomas tend to be larger and less circum-
scribed than the superficial ones; please see 
Sect. 12.2.1.1 later [31, 48, 49].

Symptoms depend on the location and size of 
the tumors. A lipoma typically appears as a 
slowly growing, painless mass, but rapidly grow-
ing lipomas have been reported. Pain is rare but 
may occur as a consequence of neurovascular 
compression depending on the location and rela-
tionship to adjacent structures. Subsequent 
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 symptoms such as carpal or tarsal tunnel syn-
drome and chronic lower extremity deep vein 
thrombosis due to femoral vein compression 
have been reported.

Superficial lipoma manifests usually as a 
small mass, less than 5 cm, rarely exceeding 
10 cm [49]. Subcutaneous lipomas are easily 
diagnosed at clinical examination, without the 
need for radiographic evaluation. The radiograph 
may occasionally demonstrate a radiolucent soft 
tissue mass and rarely osseous deformity by 
mass effect.

The most frequent sonographic appearance of 
lipoma is that of an elliptical, compressible, 
homogenous, and well-defined mass parallel to 
the skin surface. They are intrinsic multiple echo-
genic lines (Figs. 12.1 and 12.2) which relate to 
fibrovascular septi which can often show linear 
blood flow on Doppler interrogation [50]. The 
echogenicity can vary but is usually hyperechoic 
compared to adjacent fat; however, the homoge-
nous nature is the most important reassuring fea-
ture [1, 50].

On CT and MR images, lipomas also present 
as homogeneous, well-circumscribed, and encap-
sulated masses of fatty nature, without diffuse 
enhancement after intravenous contrast adminis-
tration. The differentiation between the superfi-
cial lipoma and the surrounding fat may be 
difficult due to their similarity on density and SI 
(Fig. 12.1). Regular, thin septations can be seen 
both on CT and MR images [47, 75]. The septa 
appear as soft tissue density strands on CT scans 
and as low-intensity strands on T1-weighted MR 
images, which may become hyperintense on 
T2-weighted MR images (due to the blood ves-
sels within). The width of these septa can be 
unmeasurable, with a slight enhancement after 
intravenous contrast administration, which is 
more clearly demonstrated on fat-suppressed 
T1-weighted MR images [38].

Lipomas composed of tissue other than adi-
pose tissue may differ from the classic sono-
graphic, CT, or MR imaging appearance (see 
Variants of Lipoma). Non-tumor changes such as 
calcification, mechanical edema in superficial 

a b

c d

Fig. 12.1 (a–d) Subcutaneous lipoma in the left thigh 
overlying gracilis (*). (a) Ultrasound. (b) Axial SE 
T1-weighted MR image. (c) Axial fat-suppressed 
T2-weighted MR image. (d) Coronal SE T1-weighted 
MR image. There is a left thigh medial mass within the 

subcutaneous tissue (large arrows), isoechoic on ultra-
sound (a) and with SI similar to adjacent subcutaneous fat 
on all pulse sequences (b–d). There are multiple thin septa 
(small arrowheads) within the mass, echogenic on ultra-
sound (a) and low SI on T1-weighted images (b and d)
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lipomas, or intrinsic fat necrosis should be con-
sidered rather than always assuming sarcomatous 
change (Figs.12.3, 12.4, and 12.5) [71].

12.2.1.1  Intramuscular 
and Intermuscular Lipoma

On gross inspection of intramuscular and inter-
muscular lipomas, fat has replaced the muscle 
tissue. Microscopically mature lipocytes infil-
trate the muscle fibers, which may show some 
degree of atrophy. Widespread invasion of one or 
more muscles may occur. Intramuscular lipoma 

has also been referred to as “infiltrating lipoma” 
due to its frequently infiltrative aspect on histo-
logical examination. Intramuscular lipoma is 
more frequent than the intermuscular variant, and 
it can affect both the muscular and intermuscular 
tissues [5, 47].

Intramuscular lipoma affects all age groups, 
mostly occurring in patients over 40 years of age, 
and, although rare, it has also been reported in 
children [35, 49]. Most authors have described a 
male predominance. These lesions tend to involve 
most commonly the large muscles of the 

a b

c

Fig. 12.2 (a–c) Lipoma of the left neck and supraclavic-
ular region with left arm symptoms. (a) Ultrasound. (b) 
Coronal SE T1-weighted and (c) fat-suppressed 
T2-weighted MR images. The lipoma is intramuscular 
and subcutaneous. Ultrasound examination shows a 
homogenous, hyperechoic mass (large arrows) (a). On 

MRI the mass is homogeneous and SI is equal to that of 
subcutaneous fat on different pulse sequences (b–c). All 
images show sternocleidomastoid muscle (*), thin septi 
(arrowheads), and mass effect by the lipoma on the bra-
chial plexus and subclavian vessels (small arrows)

P. Robinson and F.M. Vanhoenacker



201

 extremities, especially of the thigh, trunk, shoul-
der, and upper arm [31, 49].

The clinical picture is one of a painless, slow- 
growing lesion, but occasionally the symptoms 
may be very different from those of the common 
subcutaneous variety, and intramuscular lipoma 
may present as a rapidly growing mass with 
nerve entrapment (Figs.12.2 and 12.6). The size 
of the lipoma varies from a small mass of less 
than 3 cm to more than 20 cm in diameter [31, 49, 

57]. The imaging findings in these heterotopic 
lipomas are basically the same as in other lipo-
mas [57]. Although most of the intramuscular 
lipomas are well-defined lesions on CT or MR 
images, they also may show infiltrative margins if 
they extend between the muscle fibers, corre-
sponding to the infiltrative type of intramuscular 
lipoma (Figs.12.6 and 12.7) [35, 47, 57]. On CT 
and on MR images, some intramuscular lipomas 
are septate, inhomogeneous masses, with tissue 

a

b c

Fig. 12.3 (a–c) Subcutaneous lipoma of the neck. (a) 
Ultrasound. (b) Sagittal SE T1-weighted MR image. (c) 
Sagittal STIR image. The distal aspect of the mass (*) is 
homogenous on ultrasound and fat SI on MRI. The proxi-

mal mass (arrowheads) is heterogeneous on ultrasound 
(a) and edematous on MRI but with no nodular mass (b–
c). Histology confirmed lipoma, MDM2 negative, and 
proximal fat necrosis
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attenuation and interspersed regions of decreased 
signal on T1- and T2-weighted images, which 
probably represent either muscle or fibrous tissue 
within the mass [57] (Fig. 12.8). Matsumoto 
et al. have reported the MR findings of 17 cases 
of intramuscular lipoma, 12 being homogeneous 
and the remaining 5 inhomogeneous with inter-
mingled muscle fibers that were isointense with 
normal muscle on both T1- and T2-weighted 
images [57]. On ultrasound the masses usually 
appear homogenous, but the muscle fibers can 
cause reverberation artifact obscuring intrinsic 

detail unless the probe position is altered 
(Fig.12.8c).

Although the absence of contrast enhance-
ment and unilobularity are useful signs in the dif-
ferential diagnosis of intramuscular lipoma from 
well-differentiated liposarcoma/atypical lipoma-
tous tumor (Table 12.1), these signs are not 100 % 
reliable [68]. This makes the differential diagno-
sis with well-differentiated liposarcoma difficult 
radiologically, and this may also extend to histo-
logical examination [57]. Additional cytogenetic 
analysis is often the crucial test for confirming or 

a

b

c

Fig. 12.4 (a–c) 
Subcutaneous lipoma of 
the back. (a) Ultrasound. 
(b) Axial SE T1-weighted 
MR image. (c) Axial 
fat-suppressed SE 
T2-weighted MR image. 
The majority of the mass 
(arrows) is homogenous on 
ultrasound and fat SI on 
MRI. The superficial 
aspects of the mass (*) are 
slightly heterogeneous on 
ultrasound (a) and 
edematous on MRI but 
with no nodular mass 
(b–c). Histology confirmed 
lipoma, MDM2 negative, 
and congested edematous 
fat superficially
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excluding sarcomatous change [63]. Please see 
Sect. 12.3.1 later.

12.2.1.2  Multiple Lipomas
Some patients, especially males, may have mul-
tiple lipomas, which are grossly and microscopi-
cally similar to other lipomas. They occur 
predominantly in the back, shoulder, and upper 
arms, sometimes in a symmetrical distribution 
[31]. A familiar disorder exists, referred to as 
“familial multiple lipoma” which shows this typi-
cal clinical presentation. Associated hyperlipid-
emia and hypercholesterolemia have been 
described in some cases [31, 49, 72].

12.2.2  Lipomatosis

Lipomatosis, also known as diffuse lipomato-
sis, represents a diffuse overgrowth of mature 
adipose tissue histologically similar to simple 
lipoma. The fatty tissue extensively infiltrates 
the adjacent structures and contiguous mus-
cles, leading to deformities and limb asymme-
try. The distinction between infiltrating lipoma 
and lipomatosis can be arbitrary at times, and 
some authors use the two terms interchange-
ably [48]. However, lipomatosis implies a more 
extensive process with diffuse involvement of 
the subcutaneous and muscular tissue, while 

a b

c

Fig. 12.5 (a–c) Intramuscular lipoma of the left gluteus 
medius thigh. (a) CT scan. (b) Axial SE-T1-weighted MR 
image. (c) Axial TSE T2-weighted fat-suppressed MR 
image. Large mass in gluteus medius muscle (arrows) of 
the left thigh with low attenuation values on CT (a). The 

signal intensity on different MR sequences equals that of 
fat (b, c). Note the presence of small focus of higher- 
density calcification on CT (a) and lower SI (b, c) on MRI 
(small arrow)
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the  intramuscular lipoma is always confined to 
a muscle or intermuscular tissue space.

Diffuse lipomatosis is an extremely rare con-
dition that affects most commonly large portions 
of the trunk or an extremity. Most cases occur 
during the first 2 years of life, but they also have 
been reported in adolescents and adults [31, 49]. 
Lipomatosis may also be associated with osseous 
hypertrophy and macrodactyly, but unlike neural 
fibrolipoma/macrodystrophia lipomatosa, nerves 
are not involved, and the condition is not con-
fined to the extremities.

The radiological findings in lipomatosis include 
the presence of fatty tissue diffusely distributed 

within and between the involved muscles (Fig. 12.9). 
“Infiltrating congenital lipomatosis of the face” is a 
related entity present at birth or in infancy, consist-
ing of an unencapsulated, infiltrating fatty mass 
characteristically involving the face [19, 67]. MR 
images depict an infiltrating fatty mass, and distor-
tion of the facial bones and displacement of the air-
way by the lesion have been reported.

12.2.2.1  Multiple Symmetrical 
Lipomatosis

This rare condition, predominantly affecting middle-
aged men, is also known as Madelung disease or 
Launois-Bensaude syndrome. A familial occurrence 

a

b c

Fig. 12.6 (a–c) Intramuscular lipoma of the right arm. (a) 
Ultrasound. (b) Axial SE T1-weighted MR image. (c) 
Axial fat-suppressed SE T2-weighted MR image. On 
ultrasound the mass is homogenous and hyperechoic (a), 
and the signal intensity on different MR sequences equals 

that of fat (b, c). The radial neurovascular bundle, (large 
arrows) septi (small arrowheads), and relationship to bra-
chioradialis (*) are shown with both techniques, but MRI 
gives a better overview and better definition of the whole 
mass especially the deeper aspect (large arrowhead)
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has been described. The exact cause is unknown, 
although a hyperplastic mechanism has been 
considered [21, 55]. Symmetrical lipomatosis is 
usually associated with excessive alcohol intake, 
liver disease, diabetes, hyperlipidemia, hyperuri-
cemia, malignant tumors of the upper airway, and 
neuropathy. Occurrence is usually sporadic, but 
some investigators believe an underlying heredi-
tary factor may be present in the form of a mito-
chondrial dysfunction that disturbs the lipid 
metabolism.

Patients with symmetrical lipomatosis pres-
ent with massive symmetrical deposition of 
mature fat in the neck, but also the cheeks, 
breast, upper arm, axilla, chest, abdominal wall, 
and groin may be involved [31, 49]. The fatty 
accumulation progresses frequently over many 
years and is painless. These fatty masses are 
unencapsulated, so they are poorly circum-
scribed with involvement of the subcutaneous fat 
and deep tissues, mostly posterior relative to the 
trapezius and sternocleidomastoid muscles, in 

a b

c

Fig. 12.7 (a–c) Intramuscular lipoma of left serratus 
anterior. (a) Axial SE T1-weighted MR image. (b) Axial 
fat-suppressed SE T2-weighted MR image. (c) Coronal 
SE T1-weighted MR image. The mass (arrows) is homog-

enous with a signal intensity on all sequences equal to fat 
(a–c). The deeper aspect is more ill-defined due to inter-
digitation with the muscle fibers (*) but still benign in 
appearance
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a

b c

Fig. 12.8 (a–c) Intramuscular lipoma of left pectoralis 
major. (a) Axial SE T1-weighted MR image. (b, c) 
Ultrasound images. On MRI (a) and ultrasound (b) the 
mass is homogenous (arrow). Careful ultrasound tech-

nique is required as angulation can result in reverberation 
artifact (arrowheads) (c) due to the multiple muscle fibers 
within the lipoma

Table 12.1 Differential diagnostic criteria between lipoma and liposarcoma

Lipoma Intramuscular lipoma Liposarcoma

Age Adult (mean 52 years) Adult Adult (mean 65 years)

Location Superficially located 
(subcutaneous fat)

Muscle Muscles/fascias

Back, shoulder, neck, arm, 
thigh, abdomen

Thigh, shoulder, arm Muscle/fascia

Thigh, retroperitoneum

Size <5 cm (80 %) Frequently >5 cm Exceptionally <5 cm

<10 cm (95 %)

Margins Well defined Infiltrating or well defined Usually well defined

Shape Uninodular Uninodular (>85 %) Multinodular (>90 %)

Septa or nodules Absent or <2 mm Intermingled muscle fibers Thick (>2 mm)

Hypo on FS T2-WI Isointense to muscle Hyper on FS T2-WI

No or weak enhancement Enhancement rare Strong enhancement

Modified from Ghadimi et al. [30]
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the supraclavicular fossa, or between the para-
spinal muscles. However, deep fat accumulation 
may be independent of involvement of adjacent 
subcutaneous fat, which can be atrophic. This 
suggests a local formation of fatty masses, rather 
than penetration of adipocytic tissue by subcuta-
neous fat. This preferential involvement of com-
partments distinguishes this disease from 

obesity. When symmetrical lipomatosis involves 
the deep soft tissues of the neck and mediastinum, 
it may cause dysphagia, hoarseness, severe respi-
ratory insufficiency by extrinsic compression of 
the trachea, and signs of vascular compression 
(superior vena cava syndrome) [22, 31, 49, 56].

On CT and MR images, symmetric accumula-
tion of fatty, unencapsulated, deep, or superficial 
masses have been reported (Figs. 12.10 and 
12.11), with calcifications rarely being observed 
[22, 56]. Surgical debulking is the treatment of 
choice, but recurrence is common.

12.2.2.2  Adiposis Dolorosa (Dercum 
Disease)

This condition must be differentiated from sym-
metrical lipomatosis. It consists of diffuse or 
nodular painful, multiple subcutaneous fatty 
deposits (Fig.12.12). Adiposis dolorosa 
 predominates in postmenopausal women and 
affects predominantly the regions of the pelvic 
girdle and the thigh. The patients complain of 

a

b

Fig. 12.9 (a, b) Diffuse lipomatosis of the thighs and 
legs in a 66-year-old woman. (a) Coronal SE T1-weighted 
MR image of the thighs. (b) Coronal SE T1-weighted MR 
image of the legs. Fat is diffusely distributed within and 
between the muscles of both thighs (a) and legs (b) and 
the subcutaneous fat. Although there is an asymmetry of 
the size of the limbs, the MR appearances are similar in 
both sides

a

b

Fig. 12.10 (a, b) Madelung disease in a 53-year-old man 
with a history of alcohol abuse. (a) Axial SE T1-weighted 
MR image of the neck. (b) Axial FS SE T1-weighted MR 
image of the neck. Symmetric fatty deposits under trape-
zius and sternocleidomastoid muscles and anteriorly in 
the neck
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marked asthenia, depression, and psychogenic 
disturbances. The inheritance is autosomal domi-
nant with variable penetrance [27].

12.2.2.3  Shoulder Girdle Lipomatosis
This syndrome was first described by Enzi et al., 
involving the scapulohumeral girdle, with fatty 
infiltration of muscles in six female adult patients 
[22]. This is a subtype of lipomatosis with differ-
ent clinical, pathological, and radiological find-
ings. It presents unilateral gradual enlargement 
and deformity of the shoulder and proximal part 
of the arm, with shoulder girdle muscle weak-
ness, and motor and sensory neuropathy in the 
involved limb [22, 59]. Enzi et al. have also noted 
respiratory symptoms due to compression of the 
upper airway or infiltration of the laryngeal wall 
by fatty tissue [22]. MR imaging demonstrates 
diffuse accumulation of fat, within or between 
the involved muscles, with high SI identical to 
normal subcutaneous fat, on T1- and T2-weighted 
images, without cellular or edematous areas [59].

Bannayan-Zonana syndrome is a rare hamar-
tomatous disorder, which affects men in 68 % of 
cases. Inheritance is autosomal dominant with 
variable expression. This syndrome is character-
ized by the presence of moderate macrocephaly, 
multiple hemangiomas, and subcutaneous and 
visceral lipomas (in up to 76 % of cases) [27].

12.2.3  Lipomatosis of Nerve

Lipomatosis of nerve has also been designated in 
the past as fibrolipomatous hamartoma, fibrofatty 
overgrowth, lipomatous hamartoma, lipofibroma, 
neurolipoma, intraneural lipoma, fatty infiltration 
of the nerve, and neural fibrolipoma. In 2013 the 
WHO continued with the designation of lipoma-
tosis of nerve [26, 61]. The common term “neural 
fibrolipoma” is, however, still frequently used 
because it reflects the nature of this entity. It is a 
very rare tumor, characterized by a proliferation 
of fatty and fibrous components that surrounds 

a b

Fig. 12.11 (a, b) Madelung disease. (a) Sagittal SE T1-weighted MR image. (b) Axial SE T1-weighted MR image of 
the neck. Diffuse fatty deposition (*) throughout the subcutaneous tissues in the neck

Fig. 12.12 Adiposis dolorosa in a 34-year-old man with bilateral diffuse lipomata. Extended field-of-view longitudinal 
ultrasound of the right thigh shows multiple lipomas (arrows) throughout the subcutaneous tissues
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the thickened nerve bundles and infiltrates both 
the epineurium and the perineurium. No vascular 
abnormalities are associated with the lesion [31, 
49]. The cause is unknown, but some consider 
this condition as a congenital lesion, since it is 
occasionally present at birth, whereas others 
believe a relationship exists with a history of 
prior trauma. This tumor affects predominantly 
children or young adults, although a late presen-
tation at the age of 75 years has been reported 
recently [23, 55]. According to Enzinger et al., 
males are affected more frequently than females, 
although a similar incidence has also been noted 
[31, 44, 49].

Lipomatosis of nerve occurs chiefly in the 
volar aspects of the hands, wrist, and forearm and 
usually involves the median nerve, although 
occasional involvement of other nerves such as 
the cubital, radial, ulnar, tibial, superficial pero-
neal, and sciatic has also been reported [17, 55, 
66]. This entity is less common in the lower 
extremities. A soft tissue mass is frequently pres-
ent several years before onset of symptoms. 
Lipomatosis of nerve usually gives rise to pain, 
paresthesia, or decreased sensation or muscle 
strength, in the area innervated by the affected 
nerves. According to some authors, in 27–66 % 
of patients with lipomatosis of nerve, there is 
associated bone overgrowth and macrodactyly of 
either the fingers or the toes, a condition described 
as macrodystrophia lipomatosa [31, 49]. 
Macrodactyly has also been noted in association 
with neurofibromatosis and vascular lesions or as 
idiopathic conditions. On plain radiographs, lipo-
matosis of nerve may manifest by a soft tissue 
mass or will only be suspected by indirect signs 
such as the presence of macrodactyly, usually 
affecting the second and third digits of the hand 
or foot [12, 48, 78]. There is a soft tissue and 
osseous hypertrophy, including long, broad, and 
splayed phalanges (Fig. 12.13). Calcifications on 
plain radiographs due to metaplastic bone forma-
tion have been noted [55].

CT and MRI can be used to identify the neural 
origin of the tumor due to the presence of tortu-
ous tubular structures, corresponding to enlarged 
nerve bundles within a predominantly fatty mass 
(Fig. 12.14). These structures, clearly depicted 

on MR images, show low SI on both T1- and 
T2-weighted images according to their fibrous 
content [12, 17, 23, 55, 66]. The tumor has the 
tendency to spread along the branches of the 
nerve, with a significant variation in the distribu-
tion of fat along the nerves and their innervated 
muscle [17]. The lesion consists of serpiginous 
low-intensity nerve fibers interspersed by fatty 
tissue [55]. The contrast between the low-signal 
nerve fascicles and surrounding high-signal fat 
results in a “cable-like” appearance of the tumor 
when visualized on axial planes on T1-weighted 
MR images and a “spaghettilike” appearance on 
coronal planes [23, 55]. The MR imaging find-
ings of lipomatosis of nerve are very characteris-
tic allowing a confident diagnosis and obviating 
the need for biopsy [55]. Lipomatosis of nerve 
must be differentiated from a nerve sheath 
lipoma. MRI allows differentiation between these 
two entities, since lipoma manifests as a focal 
mass separated from the nerve bundles. Resection 

Fig. 12.13 Macrodystrophia lipomatosa. Posteroanterior 
radiograph. Osseous and soft tissue enlargement, affect-
ing the second digit
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of involved neural elements causes considerable 
sensory and motor deficits, but the symptoms can 
be relieved by carpal tunnel release [12].

12.2.4  Lipoblastoma

Lipoblastoma is a well-encapsulated lesion, con-
fined to the subcutis, and is composed of lobules 
of fat with septations, lipocytes, and lipoblasts 
(immature fat cells) and poorly differentiated 
mesenchymal cells in a myxoid stroma with lipo-
blasts in different stages of development [31, 49]. 
Cytogenetic analysis has shown it be associated 
with excess or structural rearrangements of chro-
mosome 8 within the tumor cells [63]. If it infil-
trates the subcutis and adjacent muscles and 
extends across anatomical planes, it was previ-
ously referred to as lipoblastomatosis, but now 

diffuse lipoblastoma is the preferred term. 
Lipoblastoma is approximately twice as common 
as diffuse lipoblastoma, which is generally more 
deeply located [31, 49].

Eighty-eight percent of lipoblastomas occur in 
patients below 3 years of age, 55 % of the cases in 
patients below 1 year of age, and in some 
instances they are present at birth. The occur-
rence of lipoblastoma in patients older than 8 
years of age is rare, although it has been docu-
mented in some patients of 10–18 years of age 
and affects boys more often than girls [15, 31]. 
This entity most commonly occurs in the extrem-
ities, but lipoblastoma may be apparent in other 
locations such as the trunk, head, neck, axilla, 
prevertebral soft tissues, mediastinum, or retro-
peritoneum [35, 44].

In a review of 25 cases, Collins et al. have 
reported 11 lipoblastomas and 14 cases of diffuse 
lipoblastoma, with 19 cases (79 %) occurring in 
boys; 84 % of the patients were less than 5 years 
old. These lesions measured 1–21 cm in greatest 
dimension, but 60 % measured less than 5 cm 
[15]. The relative number of lipoblastoma and 
diffuse lipoblastoma in a series of 114 cases of 
the Armed Forces Institute of Pathology (AFIP), 
was 88 well-circumscribed lesions (lipoblasto-
mas) compared with 26 diffuse forms (diffuse 
lipoblastoma) [49].

Lipoblastoma usually is a painless, soft tissue 
mass. The symptoms, although rare, are deter-
mined by the size and the location of the tumor. 
Surgical excision is the treatment of choice and is 
usually curative in lipoblastoma. Recurrence is 
rare and affects patients with the diffuse rather 
than the circumscribed type [15, 31]. Besides 
recurrence, lipoblastoma may have the capacity 
to differentiate into mature lesions, such as a 
lipoma or even fibrolipoma [15, 35, 70].

On ultrasound, lipoblastoma manifests as a 
mass of mixed echogenicity, with highly echo-
genic regions interspersed with areas of dimin-
ished echogenicity.

The appearance on CT scans varies according 
to the amount of the adipose and other soft tissue 
components. Lipoblastoma usually is seen as a 
fatty mass with scattered foci of soft tissue 
density.

a

b

Fig. 12.14 (a, b) Lipomatosis of nerve of the median 
nerve at the level of the carpal tunnel in a 40-year-old 
man. (a) Axial SE T1-weighted MR image. (b) Axial gra-
dient echo T2*-weighted MR image. These MR images 
show a heterogeneous mass within the carpal tunnel. 
There is a mixed SI of fatty components, fibrous compo-
nents, and neural fascicles (a, b). The signal intensity and 
localization are highly characteristic of a neurofibroli-
poma of the median nerve
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On MR images lipoblastoma is mostly bright 
on T1- and T2-weighted images, but it may be 
hypointense to subcutaneous fat on T1-weighted 
images, without the signal characteristics of a 
fatty tumor [35, 70]. Some hyperintense areas on 
T2-weighted MR images have been described, 
consistent with cystic or myxoid areas 
(Figs. 12.15, 12.16, and 12.17). Lipoblastoma 
does not enhance or shows poor enhancement 
after intravenous gadolinium administration.

The demonstration of a fatty mass on CT or 
MRI examination in an infant or child should 
raise the possibility of a lipoblastoma or diffuse 
lipoblastoma. Lipoma, lipoma variants, and lipo-
sarcoma are uncommon in infants and children. 
Radiologically and even on microscopic exami-
nation, lipoblastoma may be misdiagnosed as 
liposarcoma, especially myxoid liposarcoma. 
However, in the case of lipoblastoma, the clinical 
setting is quite distinct, since lipoblastoma occurs 
in children, while liposarcoma is very uncommon 
in this age group. Miller et al., in a review of 149 
adipocytic tumors at a children’s hospital, have 
reported 7 lipoblastomas and 2 liposarcomas 

[60]. The liposarcoma patients were aged 9 and 
14 years, and the children with lipoblastoma 
were younger, but 29 % were more than 3 years 
of age. In a review of more than 2,500 cases of 
liposarcoma at the AFIP, only two cases of lipo-
sarcoma occurred in children below 10 years old 
[49].

12.2.5  Angiolipoma

This tumor is composed of mature fat cells and a 
network of small vessels, containing typical 
fibrin thrombi. These features allow differentia-
tion from lipoma and from intramuscular heman-
gioma with prominent fatty elements [31]. It 
occurs in young adults, being rare in children and 
in patients older than 50 years.

Angiolipomas have been divided into nonin-
filtrating and infiltrating types [20]. The most 
common type is the noninfiltrating type, which 
presents as a small (median size, 2 cm), encapsu-
lated, subcutaneous nodule located in the trunk, 
upper arm, and particularly the forearm, rarely 

a b

Fig. 12.15 (a, b) Lipoblastoma of the buttocks in a 
5-year-old boy. (a) Axial SE T1-weighted MR image. (b) 
Axial TSE T2-weighted MR image. The lesion is located 
in the medial part of the gluteus maximus muscle protrud-
ing into the left ischiorectal fossa. On T1-WI the mass is 
heterogeneous and ill-defined with interspersed areas of 

high SI (a). On T2-WI the lesion is well defined and of 
overall high SI (b). The presence of fatty components is 
indicative for the lipomatous nature of the tumor. Although 
MR images do not allow differentiation from liposar-
coma, the age of the patient is much in favor of a 
lipoblastoma
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affecting the face, hands, or feet [31, 47]. 
Multiplicity of these lesions is frequent. The 
infiltrating angiolipoma is a rare, locally aggres-
sive, and unencapsulated variant containing foci 
of angiomatous proliferation [47]. Imaging is 
only required in the infiltrating variant of this 
tumor. On plain radiographs this tumor may show 
as a mass of fat density, with serpiginous densi-
ties and punctate calcifications. On CT scans it 
usually shows as a poorly delineated heteroge-
neous intramuscular lesion, with attenuation val-
ues ranging from those of fat to those of muscle. 
This variant has a hypervascular pattern on angi-
ography that can be incorrectly diagnosed as a 
soft tissue sarcoma.

On ultrasound the appearance will depend on 
the degree of vascular proliferation and calcifi-
cation. If minor appearances are usually homog-
enous and similar to simple lipoma but if 
vascular tissues predominates multiple 
hypoechoic areas, calcification and increased 
Doppler signal can be present [7]. On MR 
images, angiolipoma shows a mixed composi-
tion of both fatty and vascular elements. Signal 

intensities depend on the relative proportion of 
tumor components. The nonfatty areas exhibit 
low SI on T1-weighted images and high SI on 
T2-weighted images and enhance markedly 
after intravenous injection of gadolinium con-
trast (Figs. 12.18 and 12.19). The excision of 
this tumor is rarely radical, due to its poorly cir-
cumscribed margins and muscle invasion, and 
local recurrence is common.

12.2.6  Myolipoma of Soft Tissue

Myolipoma of soft tissue is a rare benign tumor 
exhibiting features of mature smooth muscle and 
mature adipose tissue [26]. It is also known as 
“extrauterine lipoleiomyoma.” The lesion is most 
frequently located in the abdominal cavity, retro-
peritoneum, and inguinal areas and more rarely 
in the subcutis of the trunk and extremities [61]. 
The majority of the lesions (especially the deeply 
located abdominal lesions) are large at initial 
 presentation, ranging from 17 to 25 cm in diam-
eter [61].

a b

Fig. 12.16 (a, b) Lipoblastoma of the thigh in a 30-year- 
old woman. (a) Sagittal SE T1-weighted MR image. (b) 
Axial SE T2-weighted MR image. Dumbbell-shaped 
lesion located between the distal femoral diaphysis and 
the vastus intermedius muscle. The lesion is isointense to 

muscle on T1-weighted images (a) and has a very high SI 
on T2-weighted images (b). The presence of abundant 
immature fat cells is probably responsible for the lower SI 
of the lesion on T1-weighted images. As a consequence 
such lesions are hard to differentiate from myxoid tumors
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Due to the presence of nonadipocytic ele-
ments within the tumor, imaging does not allow 
distinction from a well-differentiated liposar-
coma. Coarse calcification may be seen in large 
lesions. On immunohistochemical analysis, 
smooth muscle components are strongly posi-
tive for smooth muscle actin and desmin. 
Treatment consists of surgical resection. No 
recurrence or malignant transformation has 
been described.

12.2.7  Chondroid Lipoma

This is a rare adipocytic tumor, with a variable 
background of mature fat with cells resembling 
lipoblasts and brown fat cells, showing features 

of both lipoma and hibernoma. It contains myx-
oid and chondroid material and pathologically 
mimics myxoid liposarcoma and myxoid chon-
drosarcoma [31, 34]. Meis et al. have reported 
20 patients, with an average age of 36 years 
(range 14–70 years old), with tumors measur-
ing 1.5–11 cm in size (median, 4 cm). 
Cytogenetic analysis has shown it be associated 
with translocation between the 11 and 16 chro-
mosomes [63].

Chondroid lipoma manifests as a well- 
circumscribed mass in the subcutis, superficial 
fascia, or muscles of the extremities and occa-
sionally in the trunk and head and neck [11, 61] 
and is mostly found in women. The lesion 
appears as a well-defined mass with prominent 
fluidlike areas at sonography and CT. Areas of 

a b

c

d

Fig. 12.17 (a–d) Lipoblastoma of the buttocks in a 
5-year-old boy. (a) Axial SE T1-weighted MR image. (b) 
Coronal FS TSE T2-weighted MR image. (c) Axial FS SE 
T1-weighted MR image. (d) Axial FS SE T1-weighted 
MR image after gadolinium contrast administration. The 
lesion is located within the left buttocks. On T1-WI the 
mass is heterogeneous, isointense to subcutaneous tissue, 

and ill-defined with interspersed strands of low SI (a). 
These strands are slightly hyperintense on FS T2-WI (b), 
and only a faint contrast enhancement is seen in these 
nonadipocytic areas (d). The presence of fatty compo-
nents is indicative for the lipomatous nature of the tumor. 
The age of the patient is an important clue in favor of a 
lipoblastoma
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bright echogenicity have been described also 
[34]. Calcification is usually present on CT 
scans and radiographs [34, 61]. The presence 
and nature of the calcifications – which can be 
irregular and curvilinear – can raise the possi-
bility of either a malignant diagnosis (including 
synovial sarcoma, malignant peripheral nerve 
sheath tumor, epithelioid hemangioendotheli-
oma) or a benign diagnosis (e.g., myositis ossi-
ficans) [34]. On MR images, a predominant low 
SI is seen on T1-weighted images, with only a 

few strands of high SI identical to fat, either in 
the periphery or the center of the lesion [61]. 
These lacy strands of high SI on T1-weighted 
images are suppressed on STIR images. On 
T2-weighted MR images, the mass is inhomo-
geneous and hyperintense, reflecting the largely 
myxoid consistency of the tumor (Fig. 12.20.). 
Other features of the mass, such as fine septa-
tions and a lobulated margin, suggest cartilage 
matrix [53]. However, chondroid lipoma dem-
onstrates a whole spectrum of cellular and 

a b

c

Fig. 12.18 (a–c) Angiolipoma of the left hemiscrotum. 
(a) Ultrasound. (b) Axial SE T1-weighted MR image. (c) 
Axial fat-suppressed SE T2-weighted MR image. The 
mass (arrows) shows predominant fat signal on ultra-

sound (*) and MR images. Within the lesion there are 
multiple vessels (arrowheads), hypoechoic on ultrasound, 
low SI on T1-weighted images, and increased SI on 
T2-weighted images (a–c)
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matrix content, which is reflected in variable 
MR imaging characteristics [11]. Based on the 
MRI characteristics, chondroid lipoma is diffi-
cult to distinguish from myxoid liposarcoma, 
extraskeletal myxoid chondrosarcoma, and 
ancient schwannoma [11]. Because MR imag-
ing cannot differentiate absolutely between 
malignant and benign lesions, biopsy is required 
to make a final diagnosis [34].

12.2.8  Spindle Cell Lipoma 
and Pleomorphic Lipoma

In these two clinically and pathologically related 
variants, the mature fat is replaced by collagen- 
forming spindle cells. Pleomorphic lipoma is 
considered as a pleomorphic variant of spindle 
cell lipoma, and it is distinguished by the pres-
ence of a marked cellular pleomorphism and 

a b

c d

Fig. 12.19 (a–d) Angiolipoma of the left triceps. (a) 
Axial SE T1-weighted MR image. (b) Axial fat- suppressed 
SE T2-weighted MR image. (c) Axial fat-suppressed SE 
T1-weighted MR image post gadolinium. (d) Ultrasound. 
The mass (arrow) within the lateral head of triceps shows 
some fat signal on MR images with linear areas of low SI 
on T1-weighted images which have increased SI on 

T2-weighted and T1-weighted post gadolinium images 
(a–c). On ultrasound the lesion is hyperechoic with mul-
tiple vessels with increased Doppler signal (d). MRI does 
not allow differentiation between intramuscular angioma 
and angiolipoma. Tiny fatty components can be found in 
both lesions
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scattered bizarre giant cells. Histologically the 
differential diagnosis from liposarcoma may be 
difficult [31]. Cytogenetic analysis has shown it 
be associated with cells showing abnormalities of 
chromosome 13 including deletions and mono-
somy, while immunohistochemistry staining is 
strongly positive for CD34 [63]. Spindle cell and 
pleomorphic lipomas typically present as a well- 
circumscribed nodule, confined to the subcutis of 
the neck or shoulder region in male patients older 
than 45 years. These lipomas usually manifest as 
a slow-growing, painless, solitary mass, with an 
average size between 3 and 5 cm. Although rare, 
multiple spindle cell lipomas have been described 
[25]. Fanburg-Smith et al. have reported 7 famil-
ial and 11 nonfamilial cases of multiple spindle 
cell lipomas, all occurring in male patients, and 

most of them in the sixth to eighth decades of life 
[25]. These patients had between 2 and more than 
220 lesions, on the posterior neck or back and 
also involving the shoulders.

Pleomorphic and spindle cell lipomas may 
manifest as inhomogeneous, nonspecific fatty 
masses with nonadipocytic components that 
show increased density on CT scans and long 
relaxation times on both T1- and T2-weighted 
MR images [43] (Figs. 12.21 and 12.22). A spin-
dle cell lipoma with marked bone erosion of the 
foot has been documented. On imaging, pleo-
morphic and spindle cell lipomas are frequently 
misdiagnosed as liposarcoma [47]. A spindle 
cell variant of well-differentiated liposarcoma 
has to be differentiated from a benign spindle 
cell lipoma [18].

a b

c d

Fig. 12.20 (a–d) Chondroid lipoma within the plantar 
aspect of the right foot. (a) Plain radiograph. (b) CT scan. 
(c) Sagittal SE T1-weighted MR image. (d) Sagittal FS 
SE T1-weighted MR image after gadolinium contrast 
administration. The lesion lies separate to the metatarsals 

with chondroid calcification (arrow) and a more proximal 
fatty component (*). After gadolinium administration, 
there is a heterogeneous enhancement (d) of the chon-
droid component

P. Robinson and F.M. Vanhoenacker



217

12.2.9  Hibernoma

Hibernoma is a rare benign tumor composed of 
brown fat, first described by Merkel in 1906 and 
named by Gery in 1914. Its name is derived from 
the tumor’s histological similarity to the brown 
glandular fat of hibernating animals. Cytogenetic 
analysis has shown it to be associated with cells 
showing abnormalities of the long arm of chro-
mosome 11, but findings are not specific [63]. 
Brown fat, histologically distinct from white adi-
pose tissue, is present in the human fetus and 
newborn but gradually decreases through adult-
hood. Brown fat plays a role in thermogenesis in 
hibernating animals and in the newborn, and its 
role is possibly to maintain a normal body weight.

Other names for hibernoma are “lipoma of 
immature adipose tissue,” “lipoma of embryonic 
fat,” and “fetal lipoma,” due to the resemblance 
between brown fat and the early stages of devel-
opment of white fat [31].

Hibernomas are generally well-circum-
scribed, encapsulated tumors, but infiltration of 
the surrounding tissues may occur. They show a 
lobular pattern, with connective tissue septa, and 
are composed of granular or multivacuolated 
cells [31]. The stroma is highly vascularized; the 
mixed form displaying histological features 
between lipoma and hibernoma is the most 
frequent.

The peak incidence of hibernoma is in the third 
or fourth decade, and although it can be seen at 

a b

c

Fig. 12.21 (a–c) Spindle cell lipoma within the subcuta-
neous tissues of the left back. (a) Axial CT image. (b) 
Axial SE T1-weighted MR image. (c) Axial FS TSE 
T2-weighted MR image. The signal intensity of the lesion 

(arrows) is predominantly fat SI on all modalities. Area 
(*) of soft tissue density on CT and edematous SI on MRI 
on T2-weighted images (a–c)
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any age, the patients with hibernoma are usually 
younger than those with lipoma. Enzinger et al. 
have reported a series of 32 cases, in which the 
median age is 26 years (range 18–52 years) [31]. 
Kransdorf has reported 41 cases of hibernoma, 
with a mean age of 32 years [44]. Several studies 
have reported a slight female predominance.

Usual locations are the scapular and interscap-
ular regions, mediastinum, and upper thorax, 
sites corresponding to the distribution of remain-
ing brown fat. Involvement of the neck, chest 
wall, retroperitoneum, arm, buttock, inguinal 
region, and spinal canal has also been reported, 
as well as some areas devoid of brown fat such as 
the thigh or the popliteal fossa [2, 4, 14, 31]. 
Mugel et al. have reported a hibernoma of the 
thigh extending into the pelvis, through the obtu-
rator foramen.

Hibernoma usually manifests as a superficial, 
soft, well-defined, painless, and slow-growing 

mass that, however, may suddenly increase in 
size. Local pain has been reported, and since 
hibernoma is a hypervascular mass, the overlying 
skin is often warm. It ranges from 5 to 10 cm in 
diameter, but this tumor can extend to 18 cm in 
the greatest dimension [31].

Radiographs often demonstrate a mass with a 
radiolucency consistent with a adipocytic tumor, 
or some increased density of the soft tissues, 
without osseous involvement [2]. Ultrasound dis-
plays a hyperechoic mass, and on Doppler exam-
ination, several large vascular channels may be 
identified within the mass.

On CT scans this condition may present as a 
well- or ill-defined adipocytic mass, and it may be 
heterogeneous, due to the presence of septations 
and other soft tissue components [2]. Hibernoma 
may show poor or strong contrast enhancement of 
the septa or diffusely within the mass [51]. MR 
images depict usually a heterogeneous or septated 

a b

c

Fig. 12.22 (a–c) Spindle cell lipoma within the subcuta-
neous tissues of the neck. (a) Axial SE T1-weighted MR 
image. (b) Axial fat-suppressed SE T2-weighted MR 
image. (c) Axial fat-suppressed SE T1-weighted MR 

image post gadolinium. The signal intensity of the lesion 
(arrows) is predominantly nonfat SI on all modalities and 
enhances with gadolinium. Small area (*) of fat SI on all 
sequences also shows no enhancement (a–c)
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mass, isointense or typically slightly hypoin-
tense to subcutaneous fat on T1-weighted MR 
images (Figs. 12.23 and 12.24), but frequently 
hyperintense to normal muscle tissue [51]. On 
T2-weighted MR images, the mass can be nearly 
isointense to subcutaneous fat, although hypoin-
tensity and areas of increased SI have been 
reported also [2, 10, 51]. Hibernoma demon-
strates usually inhomogeneous enhancement 
after intravenous contrast administration, but 
the absence of enhancement has also been 
described [51].

Whereas the tumor is almost as intense as fat 
on T2-weighted images, fat-suppression tech-
niques fail to suppress the fat in the tumor because 
of the nature and the amount of lipids (Figs. 12.23 
and 12.24) [20]. Knowledge of the MR imaging 

characteristics, particularly hypointensity to sub-
cutaneous fat on T1-weighted images and the 
absence of fat suppression on STIR or fat- 
suppressed T2-weighted images, may help sug-
gest hibernoma as a potential diagnosis 
(Fig. 12.23). However, inasmuch as overlap 
exists in imaging features of hibernomas and a 
small number of others tumors, a specific diagno-
sis may not always be possible.

Today, angiography has been replaced by MRI 
in the diagnosis of this tumor, but, when performed, 
an intense vascular blush can be seen due to high 
vascularity of the tumor, with absence, however, of 
neovascularity or arteriovenous shunting [27]. The 
imaging features can make differentiation from 
liposarcoma almost impossible, and therefore sur-
gical resection is usually performed [51]. Definitive 

a b

c

Fig. 12.23 (a–c) Hibernoma of the right buttock. (a) 
Ultrasound. (b) Axial SE T1-weighted MR image. (c) 
Axial fat-suppressed SE T2-weighted MR image. The 
mass (arrows) shows predominant fat signal on ultra-
sound and MR images but not identical to the surrounding 

fat. On T1-weighted images, the signal intensity is slightly 
lower than subcutaneous fat (b). On fat-suppressed SE 
T2-weighted images, fat suppression of yellow fat is 
incomplete, resulting in a relatively higher signal intensity 
of the mass compared to subcutaneous fat (c)
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diagnosis is usually only made after histopatho-
logical examination of the resection specimen. 
Although some reports of malignancy have been 
described, the existence of malignant hibernoma is 
still debated, as some cases are considered as vari-
ants of liposarcoma [31]. There is no recurrence 
after complete excision.

12.2.10  Other Variants of Lipoma

Lipomas containing other mesenchymal ele-
ments are classified depending on the associated 
tissue: fibrous connective tissue, mucoid, carti-
laginous, bony elements, smooth muscle, or 
small and thin-walled vessels, respectively. The 

a

b c

Fig. 12.24 (a–c) Hibernoma of the neck. (a) Ultrasound. 
(b) Coronal SE T1-weighted MR image. (c) Coronal fat- 
suppressed SE T2-weighted MR image. The mass 
(arrows) shows homogenous hyperechoic fat signal on 
ultrasound, but MR images show a central area (*) of non-
fat SI and altered fat signal in the majority of the lesion. 

On T1-weighted images, the fat signal intensity is slightly 
lower than subcutaneous fat (b). On fat-suppressed SE 
T2-weighted images, fat suppression of yellow fat is 
incomplete, resulting in a relatively higher signal intensity 
of the mass compared to subcutaneous fat (c)
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presence of nonadipocytic areas can alter the US 
and MRI appearance of a simple lipoma, making 
the differential diagnosis with well-differentiated 
liposarcoma sometimes complicated [29].

Occasionally, lipoma shows no evidence of fat 
on MR images but are still fat at histology. These 
lipomas are usually suggestive of malignancy on 
imaging and may be indistinguishable on CT or 
MR images from other soft tissue tumors.

In this section, some benign adipocytic vari-
ants containing nonadipocytic elements are dis-
cussed focusing on those subtypes that differ 
clinically and histologically from lipoma, such as 
fibrolipoma, ossifying lipoma, lipoma of tendon 
sheath, and joint and parosteal lipoma. However, 
these terms are not based on strict histological 
criteria and do not remain in the current WHO 
classification [26].

12.2.10.1  Fibrolipoma
Fibrous connective tissue is the most common 
nonadipocytic element found in benign adipo-
cytic tumors, often with the configuration of septa 
[38]. When a lipoma contains connective tissue 
(fibrolipoma), it may demonstrate areas of low SI 
on T1- and T2-weighted images on MRI and 
hypoechoic intensity on ultrasound (Fig. 12.25).

12.2.10.2  Ossifying Lipoma 
and Osteolipoma

Osseous metaplasia occurring within a lipoma is 
referred to as osteolipoma or ossifying lipoma. If 
the fat component is predominant, the tumor is 
designated as an ossifying lipoma, whereas the 
term osteolipoma is used in those lesions without 
a predominant fat component [52].

The pathogenesis of this rare tumor is still 
debated. Single or repeated trauma or local isch-
emia has been suggested as causes of bone for-
mation. According to others, the osseous 
metaplasia results from blood-borne monocytes 
entering the tissue and releasing an osteo- 
inducing factor that results in transformation of 
fibroblasts into osteoblasts. Ossification from 
preexisting fibrofatty mesenchymal elements has 
also been suggested. Most likely, the tumor rep-
resents a benign mesenchymoma in which mes-
enchymal cells differentiate to bone [27, 52].

Within the soft tissues, the tumor may be 
located at the head and neck area and wrist, 
although location within the central nervous sys-
tem at the tuber cinereum, hypothalamic and 
suprasellar region, and spinal canal has been 
reported also [52].

Imaging modalities such as standard radiogra-
phy and CT scan are useful diagnostic tools to 
demonstrate the ossified components, whereas 
MR allows further identification of the adipose 
tissue component (Fig. 12.26). Definitive diagno-
sis requires pathological examination of the spec-
imen after excision. The patient’s prognosis after 
excision is favorable.

12.2.10.3  Lipoma of the Tendon 
Sheath and Joint

This is a very rare lesion that can be seen in two 
different forms. The first form is an adipocytic 
mass spreading along the tendon sheaths, usually 
in the hand or wrist and less frequently in the 
ankle and foot. Lipoma of tendon sheath usually 
occurs in young patients, affecting with equal 
frequency both sexes, and approximately 50 % 
are bilateral. Pain may be referred, and rupture of 
a tendon has been reported [31]. The lipoma of 
the tendon sheath manifests as a mass in every 
way similar to a simple lipoma (Fig. 12.27). The 
second form is an intra-articular, lipoma-like 
lesion, consisting of hypertrophic synovial villi 
distended by fat that replaces the subsynovial tis-
sue (Fig. 12.28). This lesion, called “lipoma 
arborescens,” is more common than the tendon 
sheath variety. As lipoma arborescens is regarded 
as a nonspecific reactive lesion rather than a true 
adipocytic tumor, further discussion of this lesion 
can be found in Chap. 21 on synovial lesions.

Differential diagnosis includes synovial 
lipoma, pigmented villonodular synovitis, 
 synovial chondromatosis, plexiform neuroma, 
and synovial hemangiomatosis due to their iden-
tical clinical picture, but the differentiation is 
readily made by CT and especially by MRI.

12.2.10.4  Parosteal Lipoma
When affecting the tissue adjacent to the bone, 
lipoma is referred to as parosteal lipoma [31, 33, 
61]. Parosteal lipoma constitutes 0.3 % of all 
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lipomas and the imaging appearances are charac-
teristic [33]. The gross and histological findings 
of parosteal lipoma are similar to those of a sub-
cutaneous lipoma, except that the lesion has a 
broad-based attachment to the subjacent bone 
[31, 62]. The parosteal lipoma is contiguous with 

underlying periosteum, and some authors have 
referred to these lesions as “periosteal lipomas.” 
However, “parosteal” rather than “periosteal” is 
the preferred terminology, since fat cells are not 
found in the periosteum, and it indicates contigu-
ity with bone but avoids specifying the tissue of 

a

b c

Fig. 12.25 (a–c) Fibrolipoma of the neck. (a) Ultrasound. 
(b) Sagittal SE T1-weighted MR image. (c) Sagittal fat- 
suppressed SE T2-weighted MR image. The mass 
(arrows) involves the dermis and subcutaneous fat. On 
ultrasound there is marked acoustic shadowing (arrow-

heads) due to the high fibrous component (a). There is a 
large area of low SI (*) on T1-weighted images and fat- 
suppressed SE T2-weighted images (b, c) while the 
peripheral margins of the mass show fat signal
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c

Fig. 12.26 (a–c) Ossifying lipoma of the knee. (a) Plain 
film. (b) Sagittal SE T1-weighted MR image. (c) Sagittal 
fat-suppressed SE T2-weighted MR image. The mass 
(arrows) involves the extra-articular fat adjacent to the 
anterior femur. On plain film there is marked intrinsic 

ossification (a). There are multiple linear areas of low SI 
on T1-weighted images and fat-suppressed SE 
T2-weighted images corresponding to the ossification, 
while the peripheral margins of the mass show fat signal 
(b, c)
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origin [33]. The lesion is often well encapsulated 
except at the site where it is adherent to the bone. 
The behavior and morphological and imaging 
findings of parosteal lipoma are generally identi-
cal to those of a subcutaneous lipoma.

The usual age of patients with this lesion is 
similar to that of those with subcutaneous lipoma, 
between 40 and 60 years, with a male predomi-
nance [33]. The most frequent sites of parosteal 
lipomas are the arm, forearm, thigh, and calf, 
adjacent to the diaphysis or diametaphysis of the 
bone. Other locations have been reported, such as 
the finger, mandible, shoulder, and adjacent to 
the upper sacrum and iliac bone [33]. Parosteal 
lipoma is usually a slow-growing, generally 
asymptomatic, large mass, measuring up to 
20 cm maximal diameter. Neurological symp-
toms due to nerve compression have been 
described in the proximal forearm, with paralysis 
of the posterior interosseous nerve, but involve-
ment of the radial, sciatic, ulnar, and median 
nerves has also been reported, resulting in motor 
and/or sensory disturbances [62].

On plain radiographs this tumor may mani-
fest as a radiolucent lesion in the soft tissues 
adjacent to cortical bone, with or without osse-
ous change (Figs. 12.29 and 12.30). In paros-
teal lipoma, occasional osseous changes can be 
seen at the osseous attachment, such as bowing, 
bone projections, cortical erosions, periosteal 
reaction, and intralesional metaplastic bone 
formation [33]. The most common osseous 

manifestation is an irregular osseous excres-
cence into the soft tissue, with variable width at 
the base [33]. Mild cortical thickening is best 
evaluated on radiographs, with magnification 
views, and it may not be demonstrated on MR 
images. Cortical thickening is seen in the 
majority of cases [31]. Associated muscle atro-
phy may be seen and is believed to correspond 
to nerve impingement.

CT scans demonstrate a well-marginated mass 
of fat attenuation, delineating clearly the bony 
excrescences and the adjacent bony cortex 
(Figs. 12.29 and 12.30). On MR images the SI of 
this lipoma is identical to that of subcutaneous fat 
on all pulse sequences, and the mineralized por-
tion remains of decreased signal on T1- and 
T2-weighted images. The fatty mass may present 
various septa as seen in other adipocytic tumors, 
which appear as low SI on T1-weighted MR 
images, and may become higher in intensity on 
long TR images. Large areas of ossification may 
show marrow components, and some cases have 
been described with hyaline cartilage or small 
foci of fibrocartilage and endochondral ossifica-
tion extending into the soft tissue mass, with an 
osteochondromatous appearance. However, the 
lack of medullary continuity of the osseous pro-
jections, as well as the fatty content of lipoma, 
argues against the diagnosis of an osteochon-
droma [33]. Associated muscle atrophy may be 
seen and is believed to correspond to nerve 
impingement.

a b

Fig. 12.27 (a, b) Lipoma of the tendon sheath of the 
hand in a 31-year-old man. (a) Axial SE T1-weighted MR 
image. (b) Coronal SE T1-weighted MR image. MR 

images show a fatty mass spreading along the flexor ten-
don sheaths of the hand (a, b). There are some thin septa 
and a small nodular component within the lipoma
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12.3  Intermediate (Locally 
Aggressive) Adipocytic 
Tumors

12.3.1  Well-Differentiated 
Liposarcoma

Well-differentiated liposarcoma grossly resembles 
lipoma and consists of variably sized fat cells but 
has also scattered lipoblasts, broad fibrous septa, 

and thick-walled blood vessels. This type of liposar-
coma accounts for 50 % of all liposarcomas (includ-
ing intermediate and malignant adipocytic tumors) 
[45]. Histologically, there are three major subtypes 
of well- differentiated liposarcoma: (1) “lipoma-
like,” (2) inflammatory, and (3) sclerosing [31]. 
Another variant is the spindle cell liposarcoma, aris-
ing in the subcutaneous tissue, mostly around the 
shoulder girdle or upper limbs. All described cases 
occurred in adults [18].

a b

c

Fig. 12.28 (a–c) Lipoma arborescens of the knee in a 
30-year-old patient with bilateral knee pain and known 
rheumatoid arthritis. (a) Plain film. (b) Axial SE 
T1-weighted MR image. (c) Axial fat-suppressed SE 
T2-weighted MR image. On plain film there is definite 

degenerative change (a). On MRI there are multiple nodu-
lar and frond-like areas (arrows) of fat SI on T1-weighted 
and fat-suppressed SE T2-weighted images arising from 
the joint capsule (b, c). Appearances were identical in the 
opposite knee
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The lipoma-like subtype is the most common 
and it simulates lipoma. The terms “well- 
differentiated liposarcoma” and “atypical 
lipoma” have been used interchangeably, but 
“atypical lipoma” should be reserved to desig-
nate the subcutaneous form of well-differentiated 
liposarcoma, especially of small size [32, 68]. 
Well-differentiated liposarcomas tend to be more 
frequent in the lower extremities, in the retroperi-
toneum, and in the trunk [45]. Cytogenetic analy-

sis, namely, MDM2 presence, is now often used 
to distinguish lipoma from well-differentiated 
liposarcoma in cases where histological differen-
tiation is difficult [63].

Liposarcomas are rare in the subcutaneous 
fat, occurring in deep structures, the majority of 
them being located in the extremities, particu-
larly in the thigh. The retroperitoneum is the 
second most common site (15–20 %), where 
liposarcoma may attain a larger size, owing to 

a b

c

Fig. 12.29 (a–c) Parosteal lipoma of the right scapula in 
a 28-year-old woman. (a) CT of chest. (b) Axial SE 
T1-weighted MR image. (c) Axial fat-suppressed SE 
T2-weighted MR image. CT and MR images show a large 

fat signal soft tissue mass (*) around an exostotic-like 
lesion (arrows) at the anterior inferior border of the right 
glenoid (arrowhead) (a–c). There is no continuity between 
the medullary bone of the glenoid and the exostosis
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a b

c

d

e

Fig. 12.30 (a–e) Parosteal lipoma of the right tibia. (a) 
Plain radiograph (b) Ultrasound of the leg. (c) CT of leg. 
(d) Sagittal fat-suppressed SE T2-weighted MR image. 
(e) Axial SE T1-weighted MR image. All images show a 

fat signal soft tissue mass (*) around an exostotic-like 
lesion (arrows) at the anterolateral border of the right tibia 
(a–e). There is no continuity between the medullary bone 
of the tibia and the exostosis
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its later presentation and detection [32]. The 
well-differentiated liposarcoma, as a low-grade 
malignancy, is in general only locally aggres-
sive, with recurrence if only marginally excised. 
There is no tendency to metastasize, but it may 
undergo dedifferentiation to a more aggressive 
liposarcoma [24, 37]. Retroperitoneal, well-
differentiated liposarcomas tend to have a 
higher recurrence rate than those located in the 
extremities, probably due to their incomplete 
excision [32].

Well-differentiated liposarcomas have US, 
CT, or MRI findings that closely resemble those 
of subcutaneous fat or a simple lipoma. Although 
the amount of radiologically identifiable fat is 
variable, a well-differentiated liposarcoma will 
generally demonstrate at least 75 % adipose tis-
sue, although very occasionally this will be as 
little as 25 % of the lesion volume [68]. The pres-
ence of soft tissue calcification is variable, 
occurring predominantly in the well-differenti-
ated liposarcomas rather than other liposarcoma 
types [39].

On CT, a well-differentiated liposarcoma may 
appear as a well-marginated mass, with attenua-

tion values equal to those of simple fat, mimick-
ing a benign adipocytic tumor. However, this type 
usually has some thickened (more than 2 mm 
wide) linear or nodular soft tissue septa, which 
enhance after intravenous administration of con-
trast material [39]. On MR images there may be 
small nonadipocytic components of low SI on 
T1-weighted images or increased SI on 
T2-weighted images [3, 39, 48] (Figs. 12.31, 
12.32, 12.33, and 12.34). The internal septa dis-
play more marked enhancement compared with 
those in lipoma and tend to have irregular width 
[38] (Fig. 12.30). Although earlier reports state 
that internal septa enhance only in liposarcoma, 
while no septal enhancement is seen in lipoma, 
this has been denied by Hosono, using fat- 
suppressed T1-weighted sequences after gado-
linium administration, and reflects the authors’ 
own experience on MRI and Doppler ultrasound 
[38, 50]. However, more prominent enhancement 
is seen in the malignant form and is probably due 
to the presence of malignant cellularity and 
inflammatory cell infiltration. Other MR imaging 
features suggestive of liposarcoma are non- 
adipose nodular areas, but there is still significant 

a b

Fig. 12.31 (a, b) Well-differentiated liposarcoma of the 
right thigh. (a) Axial SE T1-weighted MR image. (b) 
Axial fat-suppressed SE T2-weighted MR image. Both 
images reveal a small mass (arrows) within the vastus 
lateralis muscle. The overall signal intensity equals that of 

subcutaneous fat, intratumoral strands (arrowheads) hav-
ing low SI on T1- and high SI on T2-weighted images. 
Intratumoral strands of liposarcoma are more prominent 
in this case than in the lipoma shown in Fig. 12.1
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imaging overlap with some large lipomas show-
ing these features [9, 13, 29, 68]. Other non- 
adipose areas within lipomas can cause 
overdiagnosis of liposarcoma such as fat necrosis 
or pressure edema in superficial lipomas [71] 
(see Sect. 12.4 later).

On ultrasound color Doppler examination of 
the internal septa shows increased vascularity 
[16, 50]. Of all liposarcomas, the well- 
differentiated type is distinguished from the other 
liposarcoma variants, due to its predominantly 
fatty composition [39].

a b

c

Fig. 12.32 (a, b) Well-differentiated liposarcoma of the 
left thigh. (a) Axial SE T1-weighted MR image. (b) 
Coronal fat-suppressed SE T2-weighted MR image. (c) 
Axial fat-suppressed SE T1-weighted MR image post 
gadolinium. Images reveal a large infiltrating mass (white 
arrows) enveloping the sciatic nerve (black arrow) within 

the posterior compartment of the thigh. The predominant 
signal intensity equals that of subcutaneous fat, but there 
are multiple thickened intratumoral strands (arrowheads) 
having low SI on T1- and high SI on T2-weighted images 
(a, b) with marked enhancement after contrast (c)
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12.4  Malignant Adipocytic 
Tumors

Liposarcoma, excluding the well-differentiated 
form, is still one of the most common soft tissue 
sarcomas [32, 45]. The tumor originates from 
mesenchymal cells and differentiates to adipose 
tissue, the presence of mature fat cells being 
unnecessary for its development. Liposarcoma is 
currently classified into 4 histological types: 
dedifferentiated liposarcoma, myxoid liposar-
coma, pleomorphic liposarcoma, and liposar-
coma, not otherwise specified

Well-differentiated liposarcoma, sometimes 
termed atypical adipocytic tumor, is classified as 
intermediate (locally aggressive), while the other 
4 malignant types are classified as malignant in 

the latest WHO classification [26]. Liposarcoma 
is preponderant in men (from 55 to 61 %), arising 
in the fifth and sixth decades of life and is 
extremely rare in infants and children, though 
some cases have been described [32, 49, 60]. The 
clinical behavior of liposarcoma varies according 
to the different histological types and is strongly 
influenced by its location. Liposarcoma usually 
manifests as a well-circumscribed, lobulated, and 
painless mass, which may be present for several 
months or years. The tumor may reach a very 
large size. Pain or functional disturbances are late 
complaints.

The pleomorphic and dedifferentiated types 
have a highly malignant behavior, with a strong 
tendency to recur and metastasize. Recurrence may 
occur after a long delay (5–10 years) following the 
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Fig. 12.33 (a–e) Well-differentiated liposarcoma, of the 
thigh. (a) CT image. (b) Axial SE T1-weighted MR 
image. (c) Axial fat-suppressed SE T2-weighted MR 
image. (d) Ultrasound with Doppler. (e) MR angiogram. 
CT, MR, and ultrasound images show a large fat signal 

soft tissue mass (*) in the anteromedial thigh with some 
minor loss of fat signal medially (arrow) compressing the 
femoral vein (arrowheads) (a–d). (e) MR angiography 
shows broad-based extrinsic compression of the superfi-
cial femoral artery, but there is no vessel stenosis
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initial excision [31]. Metastases are most com-
monly spread hematogenously, affecting predomi-
nantly the lungs and also the visceral organs and 
bone [32]. Myxoid liposarcoma, though of inter-
mediate malignancy grade, may metastasize in 
19–34 % of the patients, usually to extrapulmonary 
sites such as serosal surfaces of the pleura, pericar-
dium, diaphragm, and soft tissues of pelvic or chest 
walls and retroperitoneum [32]. In a study of 95 
cases of myxoid liposarcomas including some 
cases formerly classified as round cell liposarco-
mas, Kilpatrick et al. reported the development of 
metastases in 30 patients (35 %). Thirty-one per-
cent of patients died from the disease [41]. They 
concluded that the presence of spontaneous necro-
sis, a percentage of more than 25 % of round cell 
differentiation, and age more than 45 years are sig-

nificantly associated with a poor prognosis. 
Henricks et al., in a series of 155 dedifferentiated 
liposarcomas, have described a local recurrence 
rate of 41 %, a metastatic rate of 17 %, and a mor-
tality of 28 % [37].

Multifocal liposarcoma, although rare, has 
been reported [32, 40]. A case of multicentric 
myxoid liposarcoma has been documented by 
Kemula et al. with three different sizes and loca-
tion, without pulmonary, hepatic, or osseous 
metastases [40]. The authors agree with the 
hypothesis, still debated, that this represents a 
multicentric rather than metastatic spreading 
origin.

Because the histological subtype affects 
both prognosis and surgical planning, an accu-
rate preoperative assessment is essential. The 
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c

Fig. 12.34 (a–c) Well-differentiated liposarcoma of the 
right thigh. (a) Ultrasound. (b) Coronal fat-suppressed SE 
T2-weighted MR image. (c) Axial SE T1-weighted MR 
image. The mass lies in the medial compartment displac-
ing gracilis. On ultrasound only the superficial aspect of 

the mass (*) deep to gracilis can be evaluated and appears 
homogenous (a). On MR images there is a large proximal 
area of fat SI (arrow) but extensive linear and more con-
fluent areas (*) of low SI on T1-weighted images and high 
SI on fat-suppressed SE T2-weighted images (b, c)
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radiological features of a liposarcoma depend 
on the histological type and tend to reflect its 
degree of differentiation. Although well-differ-
entiated liposarcomas are frequently composed 
of more than 75 % of fat, the other types usually 
have less than 25 %. About 50 % of liposarco-
mas do not have any radiologically detectable 
fat [39]. This variable fat content accounts for 
the frequently nonspecific appearance of lipo-
sarcoma on US, CT, and MR images [21, 39, 
74]. The presence of soft tissue calcification is 
variable, occurring predominantly in intermedi-
ate well-differentiated liposarcomas rather than 
the frankly malignant forms [39]. The angio-
graphic pattern is nonspecific and cannot be 
used to distinguish benign from malignant 
tumors.

12.4.1  Dedifferentiated Liposarcoma

Dedifferentiated liposarcoma is formed by well- 
differentiated and poorly differentiated nonlipo-
genic areas. Dedifferentiation can occur into 
myxofibrosarcoma in more than two-thirds of 
cases and, occasionally, into fibrosarcoma, leio-
myosarcoma, rhabdomyosarcoma, hemangio-
pericytoma, and even soft tissue osteosarcoma 
[37, 77]. Dedifferentiation occurs as a late com-
plication (an average interval of 7.7 years) of a 
preexisting well-differentiated liposarcoma, most 
commonly of the retroperitoneum, mediastinum, 
or groin, but can also occur in the extremities and 
trunk [37, 77]. Dedifferentiation can take place 
either in the primary tumor as in local recurrences 
or even metastases, but according to Henricks 
et al., in a report of 155 cases, the majority of 
dedifferentiated liposarcoma presented as de 
novo lesions [37].

Dedifferentiated liposarcoma should be sus-
pected if a nonadipocytic component appears in a 
previously known, well-differentiated liposar-
coma. The tumor retains some of the features of 
the well-differentiated liposarcoma, while some 
mass-like areas develop a nonspecific appearance 
on US, CT, or MR images. These areas display 
tissue attenuation greater than fat on CT scans 
and low SI on T1-weighted images and high SI 

on T2-weighted images with marked enhance-
ment after intravenous contrast administration 
(Figs. 12.35 and 12.36). Calcification or even 
ossification may be present [77].

The presence of nonfatty components within 
an adipocytic tumor should always suggest the 
possibility of a high-grade liposarcoma. However, 
it is not always possible to distinguish between 
the dedifferentiated type and other high-grade 
liposarcomas on the basis of imaging alone.

12.4.2  Myxoid Liposarcoma

Myxoid liposarcoma was previously considered 
the most common variant of liposarcoma, 
accounting for 39 % of all liposarcomas [32, 39, 
45, 68]. Myxoid liposarcomas are well- 
differentiated tumors consisting of a plexiform 
vascular network and stellate and spindle-shaped 
mesenchymal cells within a basophilic myxoid 
matrix or ground substance [32]. Ground sub-
stance accounts for 90 % of the tumor [74]. 
Myxoid liposarcoma mostly presents as a pain-
less, slowly growing mass at the lower extremi-
ties [39, 45, 68]. Other sites (in decreasing order 
of frequency) include the buttocks, retroperito-
neum, trunk, ankle, proximal limb girdle, head 
and neck, and wrist. Myxoid liposarcomas occur 
in the intermuscular fascial planes or deep-seated 
areas and are rarely found in the subcutaneous 
tissue. Myxoid liposarcomas may be multicen-
tric, with involvement of two or more anatomical 
sites. In 10 % of patients with primary liposar-
coma of the thigh, a second liposarcoma occurs 
in the retroperitoneum 2 or more years after the 
removal of the primary tumor [32, 49, 76]. Most 
patients are aged 18–67 years, with a mean age of 
42 years [32]. Of the different subtypes of lipo-
sarcoma, they have been shown to be particularly 
sensitive to radiotherapy [69].

Very frequently there is no radiological evi-
dence of fat, owing to the small amount of mature 
fat in this subtype, which usually represents less 
than 10 % of its total volume [39, 74]. Therefore, 
it may be difficult to establish the correct diagno-
sis with CT and MRI due to the lack of fat density 
or intensity.
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On CT scans, myxoid liposarcoma manifests 
as a homogeneous or slightly heterogeneous 
mass that is less attenuating than the surrounding 
muscle. On ultrasound the masses show a solid, 
heterogeneous nodular appearance with increased 
vascularity on Doppler signal. On MR images, a 
spectrum of MR imaging features occurs owing 
to several factors (Figs. 12.37 and 12.38). One 
factor is the fat content of the tumor. Other fac-
tors include the amount of myxoid material, the 

degree of cellularity and avascularity, and necro-
sis in the tumor. Most myxoid liposarcomas dem-
onstrate lacy or linear, amorphous hyperintense 
foci within a predominantly hypointense mass on 
T1-weighted images. These linear foci behave 
like normal fat on all pulse sequences [74]. These 
foci are attributed to the presence of minute 
quantities of detectable fat within the tumor [39, 
73, 74]. On T2-weighted images, a high SI is 
seen, with foci of intermediate SI corresponding 
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Fig. 12.35 (a–c) Dedifferentiated liposarcoma of the left 
thigh. (a) Axial. (b) Sagittal fat-suppressed SE 
T2-weighted images. (c) Axial fat-suppressed SE 
T1-weighted after Gd-contrast injection MR image. Parts 
of the mass show fat SI (*) (a–c), but a large irregular 

nodular component (arrow) shows high SI on T2-weighted 
images (a, b) and strong enhancement after contrast 
administration (c). This appearance is very suggestive of a 
dedifferentiated liposarcoma, with a nonfatty component 
within well-differentiated portion of liposarcoma
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to fat. Tumors with increased cellularity and vas-
cularity tend to enhance on contrast-enhanced 
images, whereas tumor areas with necrosis, 
hypocellularity, and an accumulation of muci-
nous material tend not to enhance [3, 39, 74, 76]. 
A recent series reviewing 30 cases suggested that 
components that are not fat or myxoid/mucinous 
signal and enhance on MRI are suggestive of 
higher-grade sarcomatous change [54].

At morphological analysis, the mass is well 
defined. The lesion is frequently lobulated and 
may be multilobulated and septated or oval. 
Edema may be present in the soft tissue sur-
rounding the tumor. There is no evidence of infil-
tration or invasion into adjacent structures. The 
lobulated pattern with internal linear septa is best 
visualized on T2-weighted MR images 
(Figs.12.37 and 12.38).

a b

c

Fig. 12.36 (a–c) Dedifferentiated liposarcoma of the left 
thigh. (a) Axial. (b) Coronal SE T1-weighted MR images. 
(c) Coronal fat-suppressed SE T2-weighted MR image. 

All images show a large heterogeneous mass (arrows) 
occupying the posterior and medial compartments. Small 
areas of the mass show fat SI (arrowheads) (a–c)
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While the mass appears solid on ultrasound, 
care is required as on CT and non-contrast MR 
images, a myxoid liposarcoma may occasionally 
resemble a cyst, due to the lack of fat content, 
with sharply demarcated margins. On CT scans, 
it displays attenuation values within the water 

range. A marked low signal on T1-weighted MR 
images and a high signal on T2-weighted MR 
images, due to the predominant myxoid matrix of 
this tumor, is noted [39] (Figs. 12.37 and 12.38). 
The homogeneous or heterogeneous enhance-
ment seen after gadolinium contrast facilitates 
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Fig. 12.37 (a–e) Myxoid liposarcoma of the right thigh. 
(a) Ultrasound. (b) Ultrasound with Doppler. (c) Coronal 
fat-suppressed SE T2-weighted MR image. (c) Axial SE 
T1-weighted MR image. (d) Axial FS TSE T2-weighted 
MR image. (e) Axial FS TSE T2-weighted MR image. 
The mass lies in the medial compartment displacing graci-
lis and the neurovascular bundle. On ultrasound the mass 

(arrows) is nodular and heterogeneous (arrowheads) with 
irregular Doppler signal (a, b). On MR images there is a 
lacey area of indistinct increased SI on T1-weighted 
images and diffuse high SI on fat-suppressed SE 
T2-weighted images with linear low signal (c, d). After 
radiotherapy the mass (arrows) shows a marked decrease 
in size (e)
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distinction between myxoid liposarcomas and 
nonenhancing cystic lesions [76].

Ultrasound is another useful tool in differentiat-
ing solid masses from cystic lesions. Myxoid lipo-
sarcomas appear complex, nodular, hypoechoic 

masses that do not meet the criteria for a simple 
cyst at ultrasound (Figs. 12.35 and 12.36) [50, 76]

The lesion that is perhaps the most problem-
atic for radiologists to differentiate from the 
cyst- like form of myxoid liposarcoma is 
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Fig. 12.38 (a–c) Myxoid liposarcoma of the right thigh. 
(a) Ultrasound. (b) Axial SE T1-weighted MR image. (c) 
Axial fat-suppressed SE T2-weighted MR image. The 
mass lies predominantly in the posterior compartment 
(arrow) but is infiltrating into the anterior compartment 

and fascia (*). On ultrasound the mass is nodular (arrow-
heads) with heterogeneous signal (a). On MR images the 
mass (arrows) is heterogeneous and low SI on T1-weighted 
images and diffuse high SI on fat-suppressed SE 
T2-weighted with no definite fat signal (b, c)
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intramuscular myxoma. Although there is an 
overlap, intramuscular myxoma is far more 
likely when there is a rind of perilesional fat 
(rather than intralesional fat); a globular, het-
erogeneous peripheral, and central enhance-
ment pattern; and increased signal in the 
adjacent muscle on T2-weighted/fluid- sensitive 
sequences [32, 68].

12.4.3  Pleomorphic Liposarcomas

The pleomorphic variant shows a marked 
degree of cellular pleomorphism and may con-
tain huge lipoblastic multinucleated cells [32]. 
However, pleomorphic liposarcomas do not 
consistently show MDM2 amplification sug-
gesting that the tumor may develop from more 
than one tumor line with those MDM2 positive 
presumably related to liposarcomas and those 
without MDM2 developing from another tumor 
cell line [63]. This variant is highly aggressive 
and likely to metastasize [28, 63]. In one series 
of 155 patients with pleomorphic liposarcoma, 
the mean age was 57 years with 40 % occurring 
in the lower limb and the mean tumor size 
11 cm [30].

Most pleomorphic liposarcomas present as 
nonspecific, heterogeneous masses with rela-
tively well-circumscribed margins. They often do 
not contain a sufficient amount of fat and there-
fore exhibit a low SI on T1-weighted images and 
increased SI on T2-weighted images, as do the 
majority of other malignant soft tissue tumors [3, 
39]. There is a marked and heterogeneous 
enhancement after intravenous contrast adminis-
tration [3]. Radiologically, this type is not distin-
guishable from other aggressive sarcomas, 
because it contains little or no fat.

12.4.4  Liposarcoma, Not Otherwise 
Specified

This variant cannot be reliably differentiated 
clinically or radiologically from the other malig-
nant adipocytic tumors with the diagnosis only 
made at histology or even molecular analysis 
[63, 64].

12.5  Differential Diagnosis 
of Lipomatous Tumors

Because of differences in treatment, prognosis, 
and long-term follow-up, it is important to pre-
operatively distinguish simple lipomas from 
well- differentiated liposarcomas. In the absence 
of radiologically identifiable fat, imaging is 
nonspecific. However, useful differentiating 
features between lipoma and well-differentiat-
ing liposarcoma are summarized in Table 12.1 
[16, 29, 42, 46, 65]. Generally, an adipocytic 
lesion containing internal septa of more than 
2 mm thickness or nonfatty nodular areas with-
out the typical SI of muscle fibers on all pulse 
sequences should be considered as a liposar-
coma till proven otherwise. By using these crite-
ria, MRI is highly sensitive in the detection of 
well-differentiated liposarcomas and highly 
specific in the diagnosis of simple lipomas. 
However, when an extremity or body wall lesion 
is considered suggestive of well-differentiated 
liposarcoma, it is more likely (64 %) to repre-
sent one of many benign lipoma variants, con-
taining nonfatty elements [29, 58, 68, 71].

12.5.1  Other Lesions Containing Fat 
or Mimicking Its Presence

There are several conditions that may mimic adi-
pocytic tumors of the soft tissues, such as fat 
necrosis, hemangioma, elastofibroma, myxoid, 
or neural tumors [8, 48, 71]

Hemangiomas may contain a variable amount 
of adipose tissue interspersed between the abnor-
mal vessels. However, its frequently typical 
appearance on MR images, owing to the presence 
of the high SI of slow-flowing blood within ser-
pentine or tubular structures, allows the correct 
diagnosis to be made.

Elastofibroma dorsi, a benign fibrous tissue 
tumor with fatty elements, usually manifests as 
a periscapular mass with an intermediate SI and 
interlaced areas of high SI similar to fat on both 
T1- and T2-weighted MR images. This lesion 
will be further discussed in Chap. 22.

Some myxoid and neural tumors may mimic 
adipocytic tumors owing to their reduced tissue 
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attenuation on CT scans. MRI findings may be 
utilized as an adjunct to the cytological features 
to more confidently differentiate intramuscular 
myxoma [6], myxoid schwannoma, neurofi-
broma, and ganglion cyst, as well as malignant 
neoplasms such as myxoid liposarcoma and 
fibrosarcoma.

 Conclusions

Because lipoma and atypical lipoma demon-
strate identical tumor components and because 
liposarcomas are heterogeneous, incisional 
biopsy or incomplete resection may result in 
substantial sampling error, with important 
clinical and therapeutic consequences [39]. 
Imaging on the other hand is capable of evalu-
ating the whole tumoral mass, including all its 
components. Consequently, imaging plays a 
significant role in the evaluation of adipocytic 
soft tissue tumors. In this regard, MRI is supe-
rior to other imaging modalities, since it easily 
demonstrates even minute fatty tumor compo-
nents and is able to stage soft tissue tumors 
accurately.

One has to keep in mind that some nonadi-
pocytic tumors may contain fatty compo-
nents. Fortunately, these tumors have 
sufficient other characteristics, which permit 
a more than confident diagnosis by medical 
imaging. Imaging- guided biopsy should be 
performed in a mass lesion without MRI 
characteristics of a benign adipocytic soft tis-
sue tumor always sampling the nonadipo-
cytic component and with a separate sample 
sent for cytogenetic and molecular analysis if 
this service is available.
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13.1  Introduction

Fibrous tissue consists of fibroblasts and an 
extracellular matrix containing both fibrillary 
structures (collagen, elastin) and nonfibrillary, 
gel-like ground substance. Both fibroblasts 
(spindle- shaped cells) and myofibroblasts, which 
are modified fibroblasts showing features com-
mon to fibroblasts and smooth muscle cells, pro-
duce procollagen and collagen. Collagen is the 
main, noncontractile component of the extracel-
lular matrix, and elastin is the main, contractile 
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component of elastic fibers. The amorphous 
ground substance of fibrous tissue contains 
 glycosaminoglycans (mucopolysaccharides), 
the most common types being hyaluronic acid, 
chondroitin 4- and 6-sulfates, and proteogly-
cans [100]. Fibrous tissue can be loose or dense 
depending on the relative amount of the three 
components. Dense fibrous tissue is seen in ten-
dons, ligaments, and aponeuroses.

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

Principal changes and advances since the 1994 
WHO classification have been the characteriza-
tion of numerous previously undefined lesions, 
including ischemic fasciitis, desmoplastic fibro-
blastoma, mammary-type myofibroblastoma, 
angiomyofibroblastoma, cellular angiofibroma, 
Gardner fibroma, low-grade fibromyxoid sar-
coma, acral myxoinflammatory fibroblastic sar-
coma, sclerosing epithelioid fibrosarcoma, and 
low-grade myofibroblastic sarcoma.

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

The 2002 WHO classification of fibroblastic/
myofibroblastic tumors [41] contained a large 
number of new and modified lesions. The 2013 
WHO classification [40] follows this classifica-
tion, except for removing myofibroma/myofibro-
matosis [80] and giant cell angiofibroma from the 

list and adding giant cell fibroblastoma and der-
matofibrosarcoma protuberans.

They were categorized into four groups 
according to their degree of malignancy, i.e., (1) 
benign, (2) intermediate (locally aggressive), (3) 
intermediate (rarely metastasizing), and (4) 
malignant:

 1. Benign:
Nodular fasciitis
Proliferative fasciitis and proliferative 

myositis
Myositis ossificans and fibro-osseous pseudo-

tumor of digits
Ischemic fasciitis
Elastofibroma
Fibrous hamartoma of infancy
Fibromatosis colli
Juvenile hyaline fibromatosis
Inclusion-body fibromatosis
Fibroma of tendon sheath
Desmoplastic fibroblastoma
Mammary-type myofibroblastoma
Calcifying aponeurotic fibroma
Angiomyofibroblastoma
Cellular angiofibroma
Nuchal-type fibroma
Gardner fibroma
Calcifying fibrous tumor

 2. Intermediate (locally aggressive):
Superficial fibromatoses (palmar/plantar)
Desmoid-type fibromatoses
Lipofibromatosis
Giant cell fibroblastoma
Dermatofibrosarcoma protuberans

 3. Intermediate (rarely metastasizing):
Extrapleural solitary fibrous tumor
Inflammatory myofibroblastic tumor
Low-grade myofibroblastic sarcoma
Myxoinflammatory fibroblastic sarcoma
Infantile fibrosarcoma

 4. Malignant:
Adult fibrosarcoma
Myxofibrosarcoma
Low-grade fibromyxoid sarcoma
Sclerosing epithelioid fibrosarcoma
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In the case of several fibroblastic prolifera-
tions (elastofibroma, fibroma of tendon sheath, 
extra-abdominal desmoids, fibromatosis colli), it 
is unclear whether these constitute reactive fibros-
ing processes or true neoplasms. Fibromatoses 
are aggressive, infiltrating lesions, despite their 
histologically benign character, and aggressive 
fibromatoses or musculoaponeurotic desmoid 
tumors are by far the largest group of tumors 
of fibrous tissue. The terminology of childhood 
fibromatosis is confusing, and there are many 
classification systems based on different clini-
copathological parameters such as age, localiza-
tion, histology, and aggressiveness of the lesion 
[162]. Fibrous tumors of infancy and childhood 
and soft tissue fibrosarcomas are rare and have 
only sparsely been reported in the radiological 
literature. It is a constant finding that the majority 
of these tumors have a high recurrence rate after 
surgical resection, and recurrent lesions mostly 
have a more aggressive behavior than their pri-
mary counterparts. Another constant finding is 
the natural evolution of tumors of fibrous tis-
sue, which are hypercellular in their initial stage 
and become more collagenous in later stages. 
Localization of the lesion and age of the patient 
are major diagnostic factors. Fibroma of tendon 
sheath, elastofibroma, all types of fibromatosis, 
and fibromatosis colli are characterized by typi-
cal localizations [51, 160].

13.2  Benign Fibroblastic 
Proliferations

Benign fibroblastic proliferations constitute a 
heterogeneous group of well-defined entities. 
Some of these, such as nodular fasciitis, grow 
rapidly and are richly cellular. Others, such as 
fibroma of the tendon sheath and elastofibroma, 
grow slowly, are much less cellular, and contain 
considerable amounts of collagen [26, 32, 130].

13.2.1  Nodular Fasciitis

Nodular fasciitis, also called pseudosarcomatous 
fasciitis or infiltrative fasciitis, is a benign soft tis-
sue lesion composed of proliferating fibroblastic- 

myofibroblastic cells. It is characterized by rapid 
growth, which may arouse suspicion of sarcoma 
[82]. Most patients are asymptomatic or note 
only mild discomfort. Lesions are round to oval, 
in many cases sized 4 cm or less, and mostly 
located in the upper extremity, often at the volar 
aspect of the forearm [159]. The trunk and 
head and neck are frequently involved, and the 
lower extremity is inflicted less often [78, 104] 
(Fig. 13.1). Shimizu has reported on a series of 
250 patients with a mean age of 39 years and a 
peak in the fourth decade, in whom 44 % of the 
lesions are located in the upper extremity, which 
is followed in frequency by the lower extrem-
ity and the trunk [137]. Lu summarized the data 
of 272 cases including 160 men and 112 women 
ranging from newborn to 77 years. The upper 
extremity (34 %), head and neck region (24 %), 
trunk (21 %), and lower extremity (14 %) were 
involved [96]. Multifocal lesions are rarely seen 
[79].

The cause is unknown and for long a trigger 
by local injury or a local inflammatory process 
was most likely. More recently, concurrent pre-
sentation of nodular fasciitis and aneurysmal 
bone cyst has been reported, with both tumors 
belonging to the biologic spectrum of USP6- 
induced tumors [121, 166].

There are three subtypes of nodular fasciitis 
according to their topography: the most common 
subcutaneous type, the intramuscular type, and 
the fascial type, which spreads along superficial 
fascial planes. Microscopically, nodular fasci-
itis can be subdivided into three types based on 
the predominant histological features: myxoid 
(type 1), cellular (type 2), and fibrous (type 3). 
However, since many different features may coex-
ist in one lesion, definition of a single fixed type 
is not always possible. Microscopically, younger 
lesions consist of fibroblasts embedded in a dense 
reticulin meshwork and birefringent collagen. 
There is a rich intervening myxoid matrix. Older 
lesions tend to be more fibrous. Histological trans-
formation from type 1 to type 2 and then to type 
3 is indicative of the natural evolution of these 
lesions. Recurrence after excision is very rare and 
occurs in less than 2 % of the cases.

On ultrasound images, nodular fasciitis 
appears mostly solid, but cystic change has been 
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seen. Superficial-type nodular fasciitis is reported 
to have a hypoechoic appearance with echogenic 
foci or peripheral hyperechoic nodules and quite 
often does not show internal vascular flow [87]. 
On CT scans, nodular fasciitis has low attenua-
tion values, reflecting the myxoid character of the 
lesions [104]. The appearance on MR images 
reflects the gross morphology of the tumor. 
Myxoid and cellular lesions are hypointense or 
iso- to slightly hyperintense compared with skel-
etal muscle on T1-weighted images and iso- to 
hyperintense compared with fat on T2-weighted 
images. Lesions with a more fibrous histology 
are markedly hypointense on all spin-echo 
sequences [104]. Myxoid lesions show a marked 
and homogeneous enhancement, cellular lesions 

a nonhomogeneous enhancement, and fibrous 
lesions a moderate, nonhomogeneous enhance-
ment [159]. Three cases in our own series had 
identical appearance on MR images: a central 
area of low signal intensity (SI) and a peripheral 
area of higher SI on T1-weighted images and an 
inverted SI pattern (high SI at the center and 
lower SI at the periphery) on T2-weighted 
images. This pattern was described in 1991 by 
Frei et al. [46]. On comparing these findings with 
the MR features of some neurogenic tumors (see 
Sect. 17.2.2), we named the pattern “the inverted 
target sign.” After  gadolinium (Gd) contrast 
injection, there was a marked enhancement of the 
peripheral zone, with poor enhancement of the 
(myxoid) center (Figs. 13.1 and 13.2). In a study 

a b c

d e f

Fig. 13.1 (a–f) Two cases of nodular fasciitis, fascial 
type: a first case (a–c) at the fascia of the gracilis muscle 
and a second case (d–f) at the fascia of the pectoralis mus-
cle. (a) Axial spin-echo T1-weighted MR image. (b) Axial 
spin-echo T1-weighted MR image after gadolinium con-
trast injection. (c) Axial spin-echo T2-weighted MR 
image. (d) Sagittal spin-echo T1-weighted MR image. (e) 
Sagittal spin-echo T1-weighted MR image after gadolin-

ium contrast injection, with fat suppression. (f) Axial 
spin-echo T2-weighted MR image. Both lesions are in 
close contact with superficial fasciae. On T1-weighted 
images, both lesions are of slightly higher signal intensity 
(SI) when compared with SI of normal muscle (a, d). 
They both enhance markedly after contrast injection (b, e) 
and are of high SI on T2-weighted MR images (c, f)
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Fig. 13.2 (a–g) Three cases of nodular fasciitis, intra-
muscular type: the first case (a–c) at the forearm, the sec-
ond case (d, e) at the subscapularis muscle, and the third 
case (f, g) at the pectoralis muscle. (a) Axial spin-echo 
T1-weighted MR image. (b) Coronal spin-echo 
T1-weighted MR image after gadolinium contrast injec-
tion. (c) Axial spin-echo T2-weighted MR image. (d) 
Axial spin-echo T2-weighted MR image. (e) Axial spin- 
echo T1-weighted MR image after gadolinium contrast 

injection, with fat suppression. (f) Coronal spin-echo 
T1-weighted MR image, with fat suppression. (g) Coronal 
spin-echo T1-weighted MR image after gadolinium con-
trast injection, with fat suppression. All three cases pres-
ent with the so-called “inverted target” sign consisting of 
a peripheral zone of increased SI on T1-weighted MR 
images (a, f), decreased SI on T2-weighted MR images (c, 
d), and merely peripheral contrast enhancement (b, e, g)
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on MRI appearance of 29 lesions, twelve lesions 
exhibited central nonenhancing areas. Trans-
compartmental spread was demonstrated in nine 
lesions. Osseous changes were seen in five cases 
and included extrinsic cortical saucerization, 
medullary edema, and transcortical osseous inva-
sion. Two lesions demonstrated intra-articular 
extension [16].

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

13.2.2  Proliferative Myositis (and 
Fasciitis)

Proliferative myositis is a rare pseudosarcoma-
tous process similar to proliferative fasciitis (his-
tologically the subcutaneous counterpart). 
Lesions present in middle-aged and older adults, 
arising predominantly in the trunk, shoulder gir-
dle, and upper arm and less often in the thigh. 
Typically, a painful swelling is noted with subse-
quent rapid growth (even over days). This tumoral 
lesion is benign and most often self-limiting with 
no tendency to recur [33]. On pathology, prolif-
erative myositis demonstrates intense fibroblast 
proliferation in the stromal tissue (perimysium 
and epimysium), creating the characteristic 
“checkerboard” pattern by extending between 
normal muscle fibers. Microscopically, plump 
fibroblastic/myofibroblastic spindle cells together 
with larger basophilic cells resembling ganglion- 
like cells are seen with normal mitotic figures.

On imaging, proliferative myositis may pres-
ent with characteristic features that should prompt 
the radiologist to include this entity in the differ-
ential diagnosis with sarcomatous lesions. The 
solid, ill-defined mass often presents fusiform, 
demonstrating thickened bands with interspersed 
continuous muscle fibers on longitudinal images 
and the “checkerboard” pattern on transverse 
images. On transverse ultrasound, hypoechoic 
linear structures are grouping bundles of muscle 

fibers in a “checkerboard” pattern or if group-
ing more randomly resembling “dry- cracked 
mud” (Fig. 13.4) [133]. On duplex ultrasound, 
vascularization may be normal or increased. CT 
may show an ill-defined, expansile lesion that is 
isointense or hypointense compared to muscle. 
MR imaging demonstrates a focal intramuscu-
lar expansion appearing moderately or strongly 
hyperintense on T2-weighted images and hypoin-
tense or isointense on T1-weighted images with 
marked enhancement after contrast administra-
tion. MR imaging demonstrates equally well the 
“checkerboard” pattern on transverse images and 
the preserved, continuous muscle fibers within 
the lesion on longitudinal images (Fig. 13.5). 
Moreover, MR imaging shows perilesional 
edema and contrast enhancement extending to 
the surrounding fascia, suggesting inflammatory 
changes [168].

The astute radiologist may suggest the diag-
nosis on imaging findings. If sarcoma can be 
excluded by biopsy and by a decrease of tumor 
size on imaging follow-up within weeks, (mutilat-
ing) surgery can be avoided (Fig. 13.5) [23, 67].

13.2.3  Myositis Ossificans and Fibro- 
osseous Pseudotumor 
of the Digits

• Definition. Myositis ossificans is a generally 
solitary, benign, self-limiting ossifying pro-
cess occurring in the musculature of the 
extremities in young men and is related to 
trauma in about half of all cases [32, 100]. 
Sometimes, it occurs within other tissues, 
such as subcutaneous fat (panniculitis ossifi-
cans) – in one-third of the cases – tendons or 
fasciae (fasciitis ossificans), and periosteum 
of the digits (fibro-osseous pseudotumor of 
the digits) [32, 83, 92, 100, 109].

Most lesions in myositis ossificans measure 
3–6 cm in diameter. On cross section they have a 
white, soft, and rather gelatinous center and firm, 
yellow-gray periphery with rough, granular sur-
face [32]. Microscopically, a zonal pattern is 
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observed. This refers to a progressive degree of 
cellular maturation from the center to the periph-
ery, maturation being lowest in the center and 
highest with mature bone formation – at the 
periphery.

• Incidence and Clinical Behavior. Myositis 
ossificans is by far the most common bone- 
forming lesion of the soft tissues. The exact 
pathogenesis of this disorder is still unclear. A 
history of preceding mechanical trauma is 
present in about half of all cases. As causative 
factors in some of the other cases, infection 
and coagulopathy have been mentioned. 
Furthermore, the disease may also occur in 
association with burns, paraplegia, and quad-
riplegia or with other neuromuscular disorders 
such as tetanus [32, 100].

Myositis ossificans commonly affects young, 
active adults and adolescents, predominantly 
men (Figs. 13.6, 13.7, 13.8, and 13.9), but occa-
sionally involves persons of other age groups. 
Pain and tenderness are the first symptoms, fol-
lowed by a diffuse swelling of soft tissues. This 
swelling typically becomes more circumscribed 

and indurated after 2–3 weeks. Thereafter, it pro-
gressively changes into a firm hard mass approxi-
mately 3–6 cm in diameter, which is well outlined 
on palpation. Although malignant transformation 
into extraskeletal osteosarcoma has been sug-
gested in the literature, it has never been proven. 
Hence, the prognosis of myositis ossificans is 
generally accepted to be excellent [32].

Principal sites of involvement are the limbs, 
which are affected in more than 80 % of cases. 
The quadriceps muscle and brachialis muscle are 
favored sites in the lower and upper extremity, 
respectively. Areas prone to trauma are more 
commonly afflicted.

The incidence of panniculitis ossificans dif-
fers slightly from that of myositis ossificans in 
that it prevails in the upper extremities of women 
[32, 100].

Fibro-osseous pseudotumor of the digits 
occurs predominantly in the fingers or toes of 
young adults, more often in females [83].

• Imaging. Acute myositis ossificans refers to 
early stages of disease, before ossification is 
radiologically visible. During these initial 
stages of the disease, only a slight increase in 

a b

Fig. 13.3 (a, b) Recurrent nodular fasciitis of the fascial 
type in a 37-year-old woman. (a) Axial spin-echo 
T1-weighted MR image. (b) Axial spin-echo T2-weighted 
MR image. Well-delineated, oval mass within the region 
of the infraspinatus muscle, adjacent to the scapula. The 
lesion is hyperintense to muscle on the T1-weighted 

image, with a central, bilobate area of lower signal inten-
sity (a). Central parts of the lesion show high signal inten-
sity on the T2-weighted image (b), while the peripheral 
component remains of lower signal intensity. This case 
also illustrates the “inverted target sign”
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soft tissue density is observed radiologically. 
In general, calcification develops between 4 
and 6 weeks after the initial trauma and results 

in a “mature” lesion. Initially, these calcifica-
tions present as irregular, floccular opacities 
on radiography. Over time the lamellar bone 

a b

c d

Fig. 13.4 Proliferative myositis in a 52-year-old female 
aerobics instructor with 3-week history of a painful swell-
ing in the anteromedial aspect of the upper arm. (a) Axial 
T2-weighted MRI view, (b) coronal STIR image, and (c, 
d) axial contrast- enhanced T1-weighted MR images. (a, 
b) The mass appears inhomogeneously hyperintense in 
T2-weighted image (large black arrows). The hypointen-
sities within the lesion have geometrical contours on axial 
images – consistent with “checkerboard-like pattern” – 
and are clearly continued with muscle fascicles at the 
upper and lower pole of the tumor in coronal image (small 
black arrows). The inferior margin of the lesion cannot be 

identified and seems to continue within the interfascicular 
space inferiorly (empty white arrow). (c) Contrast- 
enhanced T1-weighted MRI view showing marked inho-
mogeneous enhancement (dashed white arrow) and 
central branched area of decreased signal intensity tracing 
the interfascicular spaces (small white arrows), again con-
sistent with “checkerboard-like pattern.” (d) Inferior to 
the tumor, reactive fasciitis of the biceps brachialis (plain 
white arrows) and the anterior medial part of the triceps 
(white arrowheads) is noted with increased signal in STIR 
and contrast enhancement in T1-weighted image 
(Reprinted with permission from Jarraya et al. [67])
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forms at the periphery of the lesion and pro-
ceeds toward its center [32, 100]. The centrif-
ugal pattern of progressive maturation is well 
reflected by the CT appearance of the lesion 
during the active stage of disease: the central 
immature zone of the lesion appears radiolu-
cent, whereas the outer mature zone shows 
calcification and ossification (Figs. 13.7 and 
13.8). This appearance is referred to as the 
“zoning” phenomenon.

Three different appearances of myositis ossifi-
cans are noted on MRI, corresponding to the 
stage of maturation. Early stages of myositis 
ossificans, the so-called acute form, present on 
MRI as a mass that is isointense or even slightly 
hyperintense to muscle on T1-weighted images, 
but hyperintense on T2-weighted images 
(Fig. 13.6). The lesion is surrounded with vari-
able amounts of edema, appearing hyperintense 
on T2-weighted image and with a hypointense 
rim in some cases. Following administration of 
gadolinium, a well-defined rim of enhancement 
is observed, allowing differentiation between the 

lesion and primary soft tissue sarcoma, which is 
enhanced homogeneously. The MRI appearance 
of the lesions during the intermediate or subacute 
stage is characterized by isointensity with muscle 
on T1-weighted images and mild increase of sig-
nal intensity on T2-weighted images [153]. These 
findings are explained by a central fibrous trans-
formation as observed histologically. 
Occasionally, a thin rim of signal void surround-
ing the lesion may be observed, especially on 
T2-weighted images, and corresponds to a rim of 
calcification, although this is better observed on 
plain radiography and CT. Findings consistent 
with hemorrhage and fluid-fluid levels are rarely 
seen. Mature lesions (i.e., the “chronic stage”) 
show more extensive signal voids on all 
sequences, corresponding to a considerable 
degree of peripheral calcification and ossifica-
tion. In this stage lesions demonstrate increased 
signal intensity in an “onionskin pattern” on 
T2-weighted images (Fig. 13.8).

The diagnosis of myositis ossificans com-
monly relies on findings on plain radiography. 
Attention must be paid to the presence of a  central 

Fig. 13.5 Follow-up 7 weeks later in the same patient as 
in Fig. 13.4 (a) axial STIR and (b) axial contrast-enhanced 
T1-weighted MR image demonstrate complete resolution 
of the intramuscular mass with persistence of slight fas-

cial STIR hyperintensity and contrast enhancement at the 
anterior medial aspect of the biceps brachialis (plain 
arrows) and along the biopsy path (dashed arrow) 
(Reprinted with permission from Jarraya et al. [67])
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radiolucent area, as a manifestation of the zoning 
phenomenon and of a lucent line separating the 
lesion from the underlying cortex, which are both 
better demonstrated on CT. As biopsies, estab-
lishing the diagnosis, may have been taken dur-
ing early stages of the disease, the lesion may 
continue to grow for some period of time. In 
these cases repeated plain radiographs and CT 
are useful to document the maturation and to 
exclude a destructive growth pattern (Fig. 13.9) 
[84]. Plain radiography and CT are superior to 
MRI in demonstrating calcifications and ossifica-
tion; however, in the case of early disease – “acute 
myositis ossificans” – MRI has proven the most 
accurate imaging technique, although findings 
are nonspecific.

The appearance of panniculitis ossificans and 
fibro-osseous pseudotumor of the digits is similar 
to that of myositis ossificans except that these 
conditions may lack an obvious zoning phenom-
enon. In the latter case, cortical erosion of the 

underlying bone and stippled calcification may 
be observed (Fig. 13.10) [83, 92, 100, 109].

13.2.4  Ischemic Fasciitis

Ischemic fasciitis, also called decubital fibropla-
sia or decubital fasciitis, is a pseudosarcomatous 
lesion presenting as a mass in areas overlying 
bony prominences. These lesions occur predomi-
nantly in elderly patients and can be associated 
with physical immobility. Usually the limb gir-
dles, sacrum, greater trochanter, shoulders, but-
tocks, or posterior chest wall are involved. 
Histologically, a zonal appearance is noted with 
pseudosarcomatous proliferation of (myo-) fibro-
blasts and ganglion-like cells with a central area 
of fibrinoid degeneration that may include 
infarcted fat surrounded by granulation tissue 
(the latter distinguishing it from proliferative and 
nodular fasciitis).

Fig. 13.6 (a–c) Myositis ossificans, early stage, in the 
left upper arm of a 7-year-old boy: (a) coronal T1-weighted 
MR image, (b) coronal T1-weighted MR image after gad-
olinium contrast injection, and (c) coronal T2-weighted 
MR image. Ill-defined mass within the biceps muscle. On 
the T1-weighted image, the mass is slightly hyperintense 
to the muscle (a). After contrast injection there is a marked 

peripheral enhancement (b). On the T2-weighted image, 
the center of the lesion remains hypointense, while the 
hyperintense periphery is outlined by a thin hypointense 
rim. Extremely high signal intensity within the whole 
biceps muscle (c). Characteristic appearance of an early- 
stage myositis ossificans (biopsy revealed large amounts 
of osteoid bone, surrounded by numerous osteoblasts)
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MRI signal intensities are nonspecific with 
low signal on T1- and high signal on T2-weighted 
images. After intravenous contrast administra-
tion, an irregular area of central hypointensity 
can be seen within the enhancing mass, possibly 
corresponding to the central area of fibrinoid 
degeneration/infarcted fat (Fig. 13.11) [64]. 
Perilesional edema may be seen extending 

beyond the fascia. Features that may help to dif-
ferentiate from necrotic sarcoma and abscess 
include the subcutaneous location at a pressure 
point in an elderly, immobile patient. Surgical 
debridement or resection sometimes with rear-
rangement of local soft tissue is the treatment of 
choice, and recurrences are rare [134] [11].

13.2.5  Elastofibroma

Elastofibroma is generally considered to be a 
fibroelastic pseudotumor. It occurs almost exclu-
sively in the subscapular region deep to the rhom-
boid major and latissimus dorsi muscles adjacent 
to the inferior angle of the scapula, in close rela-
tion with the serratus anterior muscle and ribs. It 
is thought to be caused by repeated mechanical 
friction between the chest wall and the tip of the 
scapula, and this hypothesis is supported by 
immunohistochemical data [25]. Other locations, 
albeit uncommon, include the infraolecranon, 
thoracic wall, axilla, and greater trochanter 
regions. Bilateral lesions are common and seen in 
10–60 % of patients. Most patients are older 
adults, and there is a definite predominance in 
women. Single cases have been reported in chil-
dren and in an infant [8, 24]. Half of the patients 
are asymptomatic, the other half presenting with 
pain or restricted upper limb motion [72]. 
Chromosomal abnormalities and familial occur-
rences support a genetic predisposition to elasto-
fibroma dorsi.

On gross examination, these lesions are firm 
and rubbery [24, 82, 91, 99]. Histologically, 
lesions are composed mainly of elastin-like fibers 
and entrapped islands of mature adipose tissue. 
Microscopic examination shows hypertrophy and 
degeneration of elastin with a background of 
mature collagen and fat. CT scans show attenua-
tion similar to that of adjacent muscle. Sometimes, 
there are strands of low density similar to that of 
subcutaneous fat [85] (Fig. 13.12a). Lesion size 
on CT correlates best with the size of the postop-
erative pathologic specimen, compared to US and 
MRI [107]. MRI nicely reflects the histological 
composition of entrapped fat within a predomi-

a b

c

Fig. 13.7 (a–c) Myositis ossificans, intermediate stage of 
the right thigh in a 13-year-old boy: (a) plain radiograph a 
few days after trauma, (b) plain radiograph 5 days later, 
and (c) CT. Presence of a faint linear periosteal calcifica-
tion on the ventral aspect of the right thigh (a). Five days 
later there is extensive calcification within the quadriceps 
muscle (b). On CT there is diffuse swelling of the right 
thigh with an eggshell calcification within the vastus inter-
medius muscle (c). The zoning phenomenon is character-
istic for an intermediate stage of posttraumatic myositis 
ossificans
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Fig. 13.8 (a–f) Myositis ossificans, mature stage, in the 
thigh of a 19-year-old professional female rower: (a) 
plain radiograph, (b) CT, (c) scintigraphy, (d) coronal 
spin-echo T1-weighted MR image, (e) axial spin-echo 
T1-weighted MR image after gadolinium contrast injec-
tion, and (f) axial spin-echo T2-weighted MR image. 
The plain radiograph reveals a rounded calcified soft tis-
sue mass posteriorly in the thigh (a). CT confirms the 
presence of a heavily calcified lesion within a slightly 
hypotrophic gluteus maximus muscle. A small central 
zone remains uncalcified (b). On the radionuclide scan, 

there is an intense tracer fixation posteriorly in the left 
trochanteric region (c). The lesion is hypointense on the 
T1-weighted image (d), is hyperintense on the 
T2-weighted image (f), and shows marked enhancement 
(onionskin pattern) after contrast injection (e). Absence 
of concomitant mass effect is also obvious on all MR 
images. History of the patient and imaging findings are 
in favor of a mature myositis ossificans. Despite the huge 
calcifications, the lesion still generates high signal inten-
sity on the T2-weighted image
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nantly fibrous mass. On both T1- and T2-weighted 
images, the lesion presents as a  lenticular, well-
defined mass with an intermediate SI approxi-
mately equal to that of skeletal muscle. Interlaced 
areas have a SI similar to that of fat [81, 97]. 
Areas of low SI on both T1- and T2-weighted 
images correspond histologically to fibroelastic 
tissue [85] (Fig. 13.12b–d). Some lesions may 
present with mild to moderate uptake on 18F-
FDG PET and/or diffusion restriction on MRI and 
should not be mistaken for metastasis [35, 60].

Surgery should not be performed for diagnostic 
purposes only in elderly individuals and should be 
reserved for symptomatic lesions [12]. Indeed, 
familiarity of the radiologist with this entity may 
make it possible to avoid some surgery [98]. 
Differential diagnosis is limited, but includes older 
desmoids, which are hypocellular, contain large 
amounts of collagen, and occur in younger patients.

13.2.6  Fibroma of Tendon Sheath

Fibroma of the tendon sheath consists of a benign, 
slow-growing, dense fibrous nodule (or multinod-
ular mass) firmly attached to the tendon sheath 
and is found most frequently in the hands and feet 
(Fig. 13.13). The thumb, index finger, and middle 
finger together with lesions of the volar aspect of 
the wrist account for 80 % of cases. It is found 

most commonly in adults and is more than twice 
as common in men as in women. The main symp-
tom is a small mass that rarely measures more 
than 2 cm and is painless but may limit motion of 
the involved digit [95]. Macroscopically, it resem-
bles the lobular configuration of the much more 
common giant cell tumor of the tendon sheath, but 
it is less cellular and there are no xanthoma cells 
or giant cells [32]. Microscopically, this lobulated 
nodular lesion is composed of tightly packed 
spindle cells (fibroblasts), vessels, and large 
amounts of dense collagenous material, which is 
markedly hyalinized. Occasionally, there is a 
gradual transition from the poorly cellular hyalin-
ized collagenous areas to more cellular areas 
which are thought to be characteristic of the early 
stages of the tumor development. More cellular 
forms must be differentiated from nodular fasci-
itis, fibrous histiocytoma, and even fibrosarcoma.

Although fibromas of the tendon sheath may 
resemble nodular fasciitis histologically, they 
involve the hands and feet almost exclusively and 
are slow-growing lesions, while lesions of nodular 
fasciitis appear suddenly, grow rapidly, and usu-
ally attain full size in 3–6 weeks. Moreover, they 
have a predilection for the volar aspect of the fore-
arm [126]. Recently, intra-articular occurrence of 
fibroma of the tendon sheath has been reported in 
the joints such as the knee and the acromioclavicu-
lar and temporomandibular joint [53, 56].

ba

Fig. 13.9 (a, b) Posttraumatic myositis ossificans, 
mature stage, anteriorly in the proximal third of both 
thighs in a 33-year-old man: (a) CT at the level of the 
lesser trochanter of the femur (soft tissue window setting); 

(b) same CT section as in a (bone window setting). Huge, 
considerably calcified soft tissue masses within both 
quadriceps muscles, corresponding to the mature stage of 
myositis ossificans
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Plain radiographic findings in a fibroma of the 
tendon sheath eroding the third metatarsal have 
been reported by Lourie et al. [95].

Fox et al. [44] have reported on a series of 
six patients with fibroma of the tendon sheath. 
Findings from MRI were not at all specific, 
i.e., low to intermediate SI on both T1- and 

T2-weighted images and a variable enhance-
ment (from none to markedly enhanced) after 
contrast administration. MR findings depend 
on and reflect the relative amount of different 
tumor components that are cellular, myxoid, 
vascular, or collagenous. As a consequence, 
there can be an overlap in MR findings with 

a b

c d

Fig. 13.10 (a–d) Fibro-osseous pseudotumor of the 
digit. (a, b) Hypothenar eminence swelling with a red area 
in the skin. Note the small punctual scar lesion due to core 
needle biopsy of the fifth metacarpal bone. (c) 
Anteroposterior X-ray demonstrated a calcified mass in 

soft tissues close to the periosteal surface. (d) Evolution 
(shrinkage) of the lesion 6 months later was useful to 
make an accurate diagnosis of fibro-osseous pseudotumor 
of the digit (Reprinted with permission from Liliana and 
Santini-Araujo [92])
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c

Fig. 13.11 Ischemic fasciitis, also called decubital fasci-
itis. A 77-year-old immobilized woman presenting with a 
hard, palpable, and fixed mass over the greater trochanter. 
MR imaging revealed a subcutaneous mass lesion abut-
ting the iliotibial band. (a) On T1-weighted images (WI), 
the lesion was isointense to the muscle (white arrow), 
with a central focus of high signal intensity. (b) Fat- 
suppressed (FS) T2-WI showed predominantly hyperin-
tense signal (black arrowheads) with intralesional foci of 
low SI, adjacent to the right greater trochanter (white 

asterisk). (c) After intravenous administration of gadolin-
ium contrast, a marked enhancement was seen with small 
areas of nonenhancement, in keeping with necrotic foci 
(white arrow). Neither invasion of the gluteus muscles nor 
the bone marrow of the greater trochanter was seen. 
Histological examination revealed the diagnosis of isch-
emic fasciitis, with a central hypocellular area surrounded 
by a fibroblastic and vascular proliferating outer zone 
(Reproduced with permission from Ceulemans L, et al. 
[92])
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features of giant cell tumor of the tendon 
sheath (Fig. 13.14). Features that may help to 
differentiate fibroma of the tendon sheath from 
the latter include the presence of band-like 
areas of low signal intensity representing col-
lagenous strands, less pronounced contrast 
enhancement, and lack of significant decrease 
of signal intensity on gradient echo images 
(Fig. 13.13d) [20].

13.2.7  Nuchal-Type Fibroma

Nuchal-type fibroma, or collagenosis nuchae, is a 
benign soft tissue tumor that arises from the pos-
terior cervical subcutaneous tissue, with a predi-
lection for the interscapular and paraspinal 
regions. Nuchal fibroma is significantly more 
common in men, with a peak incidence during 
the third to the fifth decades.

a b

c

d

Fig. 13.12 (a–d) Elastofibroma dorsi in a 60-year-old 
woman (a), in a 67-year-old woman (b, c), and in a 
56-year-old woman (d). A CT scan after iodinated contrast 
injection. (b) Coronal spin-echo T1-weighted MR image. 
(c) Axial turbo spin-echo T2-weighted MR image. (d) 
Coronal STIR MR image. On the CT scan, there is an oval 
mass between the rhomboid major and latissimus dorsi 
muscles on both sides (arrows). The lesions show mixed 
attenuation and enhancement after iodinated contrast 

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

J.E. Vandevenne and A.M. De Schepper



259
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Fig. 13.13 (a–d) Fibroma of 
the tendon sheath in a 
35-year-old woman. (a) Sagittal 
spin-echo T1-weighted MR 
image. (b) Sagittal spin-echo 
T1-weighted MR image after 
gadolinium contrast injection. 
(c) Axial spin-echo 
T2-weighted MR image. (d) 
Coronal T2*-weighted image. 
Large, oval mass at the plantar 
aspect of the left great toe. The 
lesion is inhomogeneous and 
ill-defined at the proximal pole 
(a). After contrast injection 
there is marked enhancement at 
the periphery of the lesion (b). 
On the T2-weighted image, the 
whole lesion is of low signal 
intensity (c). On gradient echo 
sequence, the periphery of the 
lesion is of extremely high 
signal intensity This gradient 
echo sequence may help to 
distinguish fibroma from giant 
cell tumor of the tendon sheath 
because in the latter an overall 
low signal is expected due to the 
T2* effect of hemosiderin (d)
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Microscopically, nuchal fibromas have a 
superficial (subcutaneous or dermal) component 
and consist of paucicellular, thick bundles of 
lobulated collagen fibers with inconspicuous 
fibroblasts. Entrapped adipose tissue and trau-
matic neuroma-like nerve proliferations are 
typically present. Skeletal muscle infiltration is 
also seen in a minority of cases. The process has 
a strong association with diabetes and also 
appears to be linked to Gardner’s syndrome, 
fibromatosis, and dermatofibrosarcoma protu-
berans. Local recurrence probably reflects the 
persistence of local or systemic factors related 
to its pathogenesis [105, 131].

The MR appearance reflects the histological 
composition: collagen has a low SI both on T1- 
and T2-weighted images. Variable degree of con-
trast enhancement is reported. Differential 
diagnosis includes other soft tissue masses with 
low signal intensity on T2-weighted images and 
variable enhancement such as desmoid tumor, 
solitary fibrous tumor, fibroma of the tendon 
sheath, collagenous fibroma, neurofibroma, cica-
tricial fibroma, fibrosarcoma, and malignant 
fibrous histiocytoma [86]. Small foci of high SI 
on T1-weighted images are due to entrapped adi-
pose tissue (Figs. 13.15 and 13.16). In this regard 
there is a strong similarity to elastofibromas.

a

b

c

Fig. 13.14 (a–c) Fibroma 
of the tendon sheath at the 
volar aspect of the index 
finger adjacent to the flexor 
tendon. (a) Axial spin-echo 
T1-weighted MR image. 
(b) Axial spin-echo 
T1-weighted MR image 
after gadolinium contrast 
injection with fat 
suppression. (c) Axial 
spin-echo T2-weighted 
MR image with fat 
suppression. The lesion is 
of low SI on T2-weighted 
MR images (c) and 
enhances moderately after 
gadolinium contrast 
injection (b)
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a b c

Fig. 13.15 (a–c) Nuchal fibroma in a 50-year-old man. 
(a) Sagittal spin-echo T1-weighted MR image. (b) Sagittal 
spin-echo T2-weighted MR image. (c) Sagittal spin-echo 
T1-weighted MR image after gadolinium contrast injec-
tion. Oval, well-delineated mass within the subcutaneous 
fatty tissue of the neck. There is an intermediate signal 

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

a b

c

Fig. 13.16 (a–c) Nuchal fibroma. (a) Axial spin-echo 
T1-weighted MR image. (b) Axial spin-echo T1-weighted 
MR image after gadolinium contrast injection. (c) Axial 
short-tau inversion recovery (STIR) MR image. Atypical 

presentation of a nuchal fibroma with high SI on STIR 
sequence (c) and minimal, cloudy enhancement after con-
trast injection (b)
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13.2.8  Desmoplastic Fibroblastoma 
(Collagenous Fibroma)

Desmoplastic fibroblastoma or collagenous 
fibroma commonly occurs in patients in the fifth 
and sixth decades of life, more frequent in men 
(75 %). The tumor often manifests as a sharply 
demarcated, mobile, firm, solitary mass involv-
ing the subcutaneous tissue or skeletal muscle. 
The common locations of the tumor are the arm, 
shoulder, and posterior neck or upper back. The 
size of reported collagenous fibromas ranges 
from l to 20 cm in the largest dimension. 
Histologically, the tumors appear well margin-
ated on low-power examination. The tumor cells 
are relatively bland stellate- and spindle-shaped 
fibroblastic cells separated by densely fibrous to 
fibromyxoid matrix. The cellularity is low or very 
low, mitotic figures are very rare or absent, and 
tumor necrosis is not seen.

On MR images, collagenous fibroma shows 
areas of decreased SI on T1- and T2-weighted 
images and moderate to strong contrast enhance-
ment in a heterogeneous fashion [70, 103, 165]. 
Because both have a high collagen content, simi-
lar MRI findings have been described in desmoid 
tumors (Fig. 13.17). A series of three cases has 
been reported with a characteristic rim enhance-
ment thought to represent the outer capsule-like 
fibrous tissue of this usually noninvasive tumor 
[165]. Collagenous fibromas are less cellular, less 
vascular, and less infiltrative at their periphery 
and as a consequence more mobile, better cir-
cumscribed, and easier to remove than desmoids. 
Moreover, they occur in older (more than 40 
years old) patients. Differential diagnosis is 
essential to prevent overtreatment in collagenous 
fibroma [119].

13.2.9  Calcifying Aponeurotic 
Fibroma

Calcifying aponeurotic fibroma is a rare, benign 
fibroblastic tumor usually occurring in young 
children and adolescents (therefore also named 
juvenile aponeurotic fibroma) with a male to 
female ratio about 2:1. It presents as a unique, 

hard and painless palpable mass, sized 1–3 cm, 
with a predilection for the volar side of the hands/
fingers and feet [13]. Calcifying aponeurotic 
fibromas are often associated with tendons and 
aponeuroses and typically infiltrate the surround-
ing fatty, muscular, or neurovascular tissues. 
Histologically, a fibromatosis-like lesion with 
nodules of calcification is displayed on a back-
ground of hyalinized to focally chondroid stroma 
[37]. In the initial phase of the tumor, which is 
seen more often in young patients, the tumor 
shows infiltrative growth and often lacks calcifi-
cations, whereas in the late phase, the tumor 
becomes more compact and nodular, with more 
prominent cartilaginous differentiation and calci-
fications [115].

Radiography may sometimes reveal faint, 
stippled calcification in a focal area of soft tissue 
swelling, typically in the distal extremities 
(Fig 13.18) [111]. MR imaging is the best modal-
ity to show the extent and margin of the lesion. 
Signal intensity on T2-weighted images is 
described as a heterogeneous mixture of high and 
low signal and seems to be influenced by the 
degree of calcification and fibrous component: 
lower T2 signal intensities are more often seen 
with older age. Signal intensity on T1-weighted 
images is intermediate. Lesions strongly enhance 
after contrast medium injection allowing for 
delineation of the often invasive margins. 
Differential diagnosis includes tenosynovial 
giant cell tumor (showing lower signal intensities 
on T1- and T2-weighted images due to hemosid-
erin deposition), other fibromatoses, soft tissue 
chondroma, synovial sarcoma, and clear cell sar-
coma [13]. Surgical resection is the preferred 
treatment. However, the propensity to invade sur-
rounding tissues is reflected in incomplete surgi-
cal resection and (late) recurrences up to 50 %.

13.3  Fibromatoses

Fibromatoses cover a wide range of benign fibro-
blastic proliferations. They are classified accord-
ing to Enzinger and Weiss into superficial and 
deep types and are further subdivided according 
to anatomical location:

J.E. Vandevenne and A.M. De Schepper



263

 1. Superficial (fascial) fibromatosis
 (a) Palmar fibromatosis (Dupuytren’s con- 

tracture)
 (b) Plantar fibromatosis (Ledderhose’s dis- 

ease)
 (c) Penile fibromatosis (Peyronie disease)
 (d) Knuckle pads

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

 (c) Intra-abdominal fibromatosis:
 – Pelvic fibromatosis
 – Mesenteric fibromatosis
 – Gardner’s syndrome

Although both superficial and deep lesions 
have a similar microscopic appearance, superfi-
cial lesions are slow growing, while deep ones 
have a more aggressive biological behavior, 
between that of fibrosarcomas and fibromas [15]. 

a b

c

Fig. 13.17 (a–c) Desmoplastic fibroblastoma. A 53-year- 
old man with collagenous fibroma of the right knee. (a) 
Axial T2-weighted image shows low to intermediate sig-
nal intensity of a clearly margined mass (white arrows). 
(b) Sagittal T1-weighted image appears isointense to the 
muscle (white arrows). (c) Sagittal post-contrast 

T1-weighted image shows mild internal enhancement 
with rim enhancement (white arrows). Morphology and 
MR presentation do not allow differentiation between col-
lagenous fibroma and extra-abdominal desmoids 
(Reprinted with permission from Yamamoto et al. [165])
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Division into abdominal and extra-abdominal 
desmoids is arbitrary, since the lesions are histo-
logically alike [10].

Fibromatoses are uncommon lesions, consti-
tuting 0.03 % of all neoplasms. They are found in 
young adults, with a peak incidence at 30 years. 
There is no sex predominance, and most lesions 
are solitary, although synchronous multicentric 
lesions have been reported. A familial tendency 
has been observed. Local recurrence after sur-
gery is seen in as many as 50 % of patients [81].

Key criteria that establish the diagnosis are 
growth pattern, relationship with surrounding tis-
sues, and cytological features. Lesions consist of 
uniform fibroblasts proliferating in a parallel way 

and intermingled with variable amounts of colla-
gen. No atypical or hyperchromatic nuclei are 
found, while mitoses are infrequent. Generally, 
the most cellular areas are present in the center of 
the lesion, whereas the periphery has less numer-
ous fibroblasts and greater amounts of dense col-
lagen [45]. Although fibromatoses are 
histologically benign, their relationship to adja-
cent tissue is marked by interdigitating and infil-
trative growth. Penile fibromatosis and 
intra-abdominal fibromatosis will not be dis-
cussed, since these do not belong to the locomo-
tor system [127].

On ultrasound scans, fibromatoses appear as 
masses with low, medium, or high echogenicity 

a

b

c d

Fig. 13.18 (a–d) Calcifying aponeurotic fibroma. A 
10-year-old girl presented with a firm, elastic, hard mass 
at the plantar side of the foot. (a) Radiographs revealed 
faint calcification in the mass (arrowheads) (b) 
T1-weighted MR image revealed an isointense lesion 
adherent to the flexor tendon and invading the interdigital 

webspace. Most of the border appeared well-defined in 
this case (unusual). (c) On T2-weighted images, there is a 
heterogeneous mixture of high- and low-signal intensity 
areas (d) Post-contrast T1-weighted images showed sig-
nificant enhancement throughout the lesion (Reprinted 
with permission from Morii et al. [111])
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and smooth, sharply defined borders. On CT 
images, the masses are either ill-defined or well 
circumscribed. Before contrast administration, 
desmoids show variable attenuation. After con-
trast administration, lesions usually have a higher 
attenuation than that of adjacent muscle [10].

In an attempt to explain the variable CT 
appearance of these lesions, Francis et al. have 
carried out a retrospective analysis of CT find-
ings and histopathological features in nine 
patients with fibromatosis. In three of four 
patients who had precontrast CT scans, the 
tumors were hyperdense relative to the muscle, 
while in one patient, the lesion was hypodense. 
The postenhancement appearance was variable. 
The pathological specimens have been analyzed 
and graded for collagen content, cellular content, 
tumor necrosis, and tumor vascularity. No consis-
tent relationship can be established between the 
CT appearance of these lesions and their histo-
logical appearance [45].

On MR images, most lesions demonstrate 
slightly increased SI relative to the skeletal mus-
cle on T1-weighted images and intermediate SI 
on T2-weighted images. The slight increase in SI 
on T1-weighted images is much less than that 
seen in lipomas and subacute hemorrhages. 
Enhancement pattern after contrast administra-
tion is variable [113, 157].

Increased SI on T2-weighted images is seen in 
hypercellular lesions. Lesions that are hypoin-
tense or contain hypointense foci (linear or curvi-
linear) on both spin-echo sequences are found to 
be relatively hypocellular with abundant colla-
gen. As a consequence, most lesions are rather 
inhomogeneous. Although usually well demar-
cated on MR images, microscopically fibromato-
sis is seen to invade adjacent structures [127].

The conditions that deserve consideration in 
the differential diagnosis of intra- and extra- 
abdominal desmoids are malignant lesions such 
as fibrosarcoma, rhabdomyosarcoma, synovio-
sarcoma, liposarcoma, myxofibrosarcoma, lym-
phoma, and metastases and benign lesions such 
as neurofibroma, neuroma and leiomyoma, and 
acute hematoma of the rectus sheath and chest 
wall [10].

13.3.1  Palmar Fibromatosis

Palmar fibromatosis or Dupuytren’s contracture 
primarily involves palmar aponeurosis of the 
hand and its extensions. Usually the disease is 
diagnosed clinically on the basis of characteristic 
history and physical examination. The earliest 
clinical manifestation is the appearance of a sub-
cutaneous nodule in the palm of the hand, most 
frequently over the fourth and fifth ray. As the 
disorder progresses, the overlying skin thickens 
and retracts, and a cord forms, producing pro-
gressive flexion contracture of the affected ray 
(Fig. 13.19).

Palmar fibromatosis tends to affect adults, 
with a rapid increase in incidence with advancing 
age. It is bilateral in 40–60 % of cases. The condi-
tion is by far more frequent in men and is most 
common in Northern Europe. Pathogenesis in 
both palmar and plantar fibromatoses includes a 
genetic component, with family history and chro-
mosome aberrations in 50 % of cases.

Histologically, the nodules are quite cellular, 
composed of whorls of proliferative myofibro-
blasts. Cords contain a large amount of collagen 
and are hypocellular. The condition is treated sur-
gically, but the recurrence rate is high (30–40 %). 
The recurrence rate of lesions with mitotically 
active, cellular nodules is far higher (70 %) than 
that of hypocellular lesions.

The appearance of the nodules and cords on 
MR images and the correlation between the SI 
and the lesion’s degree of cellularity have been 
described by Yacoe et al. [164]. On MR images, 
the cords had a uniformly low SI (similar to the 
SI of the tendon) on both T1- and T2-weighted 
images. Most nodules had an intermediate SI 
(similar to that of the muscle) on both T1- and 
T2-weighted images. Some nodules had a low to 
intermediate SI on T1-weighted images (slightly 
higher than that of the tendon) and a low SI on 
T2-weighted images. Few nodules had a low SI 
on both T1- and T2-weighted images and were 
hypocellular on histological examination.

Signal characteristics of the lesions correlate 
with the degree of cellularity. The preoperative 
assessment of cellularity may be of prognostic 
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significance, because highly cellular lesions tend 
to have a higher rate of recurrence after surgery 
than hypocellular lesions. As a consequence sur-
gery may be delayed until the lesion matures and 
becomes more hypocellular and collagenous [44].

13.3.2  Plantar Fibromatosis

Plantar fibromatosis, also called Ledderhose’s 
disease, is a benign, fibroblastic, proliferative, 
and locally invasive disorder characterized by the 

a

b c

Fig. 13.19 (a–c) Palmar fibromatosis. (a) Longitudinal 
Doppler ultrasound. Hypoechoic nodule adjacent to the 
flexor tendon of the palm of the hand (third ray). (b) Axial 
SE T1-WI in another patient shows a hypointense lesion at 

the palmar aspect of the thumb (arrow). (c) Axial FS SE 
T1-WI after intravenous administration of gadolinium con-
trast medium shows diffuse enhancement (arrow) (Reprinted 
with permission from Vanhoenacker et al. [153])

J.E. Vandevenne and A.M. De Schepper



267

replacement of elements of the plantar aponeuro-
sis by abnormal fibrous tissue, which slowly 
invades the skin and the deep structures 
(Fig. 13.20).

The plantar aponeurosis is a strong band 
which originates at the inner tubercle of the cal-
caneus and contains two layers: a superficial 
layer which extends to the four smaller toes and a 

a b

c d

e f

Fig. 13.20 (a–f) Two cases of plantar fibromatosis in a 
37-year-old-man (a–c) and in a 13-year-old girl (d–f). (a) 
Axial spin-echo T1-weighted MR image. (b) Axial turbo 
spin-echo T2-weighted MR image. (c) Sagittal STIR MR 
images. (d) Sagittal spin-echo T1-weighted MR image. (e) 
Sagittal spin-echo T1-weighted MR image after gadolin-
ium contrast injection. (f) Sagittal subtraction MR image. 
Subcutaneous nodular lesion of intermediate signal inten-
sity at the sole of the foot in apposition with the plantar 

aponeurosis. The lesion is isointense to the muscle on the 
T1-weighted image (a) and of higher variable signal inten-
sity on the T2-weighted (b) and STIR (c) images. On the 
STIR image, there is a smaller second lesion having simi-
lar signal characteristics (c; arrow). The second case 
reveals a lesion centered on the plantar fascia, isointense to 
the muscle on the T1-weighted image (d), with marked 
enhancement after gadolinium contrast injection (e). This 
is also nicely demonstrated on the subtraction image (f)
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deeper layer which runs from lateral to medial 
and appears as a separate band to the great toe 
[89]. On ultrasound scans, the plantar aponeuro-
sis is noted as a bright linear interface, 
 approximately 5–8 mm from the surface of the 
sole [128]. On MR images the aponeurosis is 
seen as a thin linear strip of low SI that originates 
at the inferior border of the calcaneus and inserts 
into the distal flexor tendons near the metatarso-
phalangeal joints.

The etiology of plantar fibromatosis is 
unknown, but, as in palmar fibromatosis, trauma, 
neuropathy, faulty development, alcoholism, and 
infection have been proposed as etiologic factors. 
Pathogenesis in both palmar and plantar fibroma-
toses includes a genetic component, with family 
history and chromosome aberrations in 50 % of 
the cases. Most lesions are located at the medial 
aspect and just superficial to the aponeurosis. 
Involvement is bilateral in 19 % of patients and 
multiple in 32 %. There is a higher prevalence in 
white and middle-aged (fourth decade) male 
patients and in patients who have epilepsy. There 
is also an association with knuckle pads in 5 %, 
with palmar fibromatosis in 10–50 %, and with 
penile fibromatosis (Peyronie disease) in 5–10 % 
of patients. There are no reports of malignant 
transformation. Clinically, plantar fibromatosis 
presents as a nonmobile, irregular, single, or mul-
tinodular lesion located in the longitudinal medial 
arch of the plantar surface of the foot. The lesion 
frequently consists of small nodules merged with 
each other and with the fascial bundles [5]. 
Although some authors report pain as a main 
symptom in one-third of patients, most lesions 
are asymptomatic and are discovered incidentally 
by palpation. Unlike palmar fibromatosis, this 
condition rarely causes contracture of the toes.

Microscopically, the lesion consists of a pro-
liferation of well-differentiated hyperplastic, 
fibroblast-like cells or myofibroblasts with an 
infiltrative pattern of growth and usually an 
abundance of proliferating cells between the 
heavy strands of relatively hypocellular, mature 
collagen. Collagen is present in the actively 
growing foci in every specimen: quantitatively, 
it usually is in an inverse ratio to the degree of 
cellularity [5]. Mitotic figures, necrosis, and 

vascular infiltration are uncommon. A cellular 
vascular cuffing and the presence of perivascu-
lar inflammatory cells have been described by 
Allen [5]. The natural history comprises a pro-
liferative phase with increased fibroblastic 
activity and cellular proliferation, an involu-
tional phase, and a residual phase in which 
fibroblastic activity is reduced and maturation 
of the collagen is noted.

If this condition is treated by simple excision, 
there is a recurrence rate of 50–65 %, frequently 
resulting in a more aggressive form. Infiltration 
of neighboring structures is more frequently seen 
in recurrent lesions [5]. Wide, radical excision, 
encompassing 0.5 cm of surrounding, normal- 
appearing fascia, is, therefore, the treatment of 
choice.

On ultrasound images, plantar fibromatosis is 
seen as a well-defined, hypoechoic nodule or 
mass superficial to the medial slip of the plantar 
aponeurosis. Plantar fibromatosis exhibits a con-
sistent and characteristic appearance on MR 
images [112]. Most lesions are heterogeneous, 
with an overall SI equal to or slightly higher than 
that of the muscle on both spin-echo T1- and 
(spin-echo and fast spin-echo) T2-weighted 
images (Fig. 13.20a, b). SI on T2-weighted 
images reflects the stage of the disease. The pro-
liferative phase is characterized by higher cellu-
larity, resulting in higher SI. The low SI on 
T2-weighted images of the involutional and 
residual phases is attributed to the hypocellular-
ity and presence of abundant collagen. Lesions 
are slightly hyperintense to the muscle on short- 
tau inversion recovery (STIR) sequences 
(Fig. 13.20c). After intravenous injection of Gd 
contrast, enhancement is inversely related to the 
stage of fibromatosis. “Burned-out” lesions with 
abundant collagen fibers enhance to a lesser 
degree than lesions in the proliferative phase 
(Fig. 13.20e, f).

Differential diagnosis has to be made 
between plantar fibromatosis in the residual 
phase, callus, and scarring. Since plantar fibro-
matosis in the proliferative phase may be an 
extremely cellular and infiltrative lesion, it has 
to be differentiated from aggressive fibromato-
sis and fibrosarcoma. If the lesion is associated 
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with palmar fibromatosis or Peyronie disease, or 
if both feet are involved, the diagnosis is almost 
certain [149].

13.3.3  Knuckle Pads

Knuckle pads consist of a flat or dome-shaped 
fibrous thickening on the dorsal aspect of the 
proximal interphalangeal or metacarpophalan-
geal joints. They are frequently associated with 
palmar and plantar fibromatosis. Microscopically, 
this condition resembles the latter fibromatosis.

On ultrasound, a platelike or ovoid thickening 
with a hypoechoic appearance is seen in the sub-
cutaneous tissue superficial to the involved joints 
[19] (Fig. 13.21).

When confronted with periarticular soft tissue 
swelling at the small joints of the fingers, a clini-
cian may confuse knuckle pads with synovitis as 
seen with rheumatological conditions: an ultra-
sound examination readily differentiates knuckle 
pads from synovitis [94]. MR imaging demon-
strates focal thickening with intermediate signal 
intensity compared with muscle on T1- and 
T2-weighted sequences and with moderate 
enhancement [19].

13.3.4  Extra-abdominal Desmoid 
Tumors

Extra-abdominal desmoids are rare soft tissue 
tumors arising from the connective tissue of the 
muscle, overlying fascia, or aponeurosis. They 

have also been described as desmoid tumor, 
aggressive fibromatosis, or musculoaponeurotic 
fibromatosis. The term “desmoid” means band- 
like or tendon-like lesion [24].

The reported incidence of extra-abdominal 
desmoids is between three and four cases per mil-
lion annually. The peak incidence is between 
ages 25 and 40 years. Although some authors 
report a predominance in women of childbearing 
age [31, 58], men and women are almost equally 
affected. Its cause is unknown, but surgical or 
accidental trauma, pregnancy, and estrogenic 
hormones are known associations. We have seen 
a recurrent desmoid tumor demonstrating an 
important increase in size (400 %) during preg-
nancy, while most desmoids regress after the 
menopause [136].

The localization of a large number of extra- 
abdominal desmoids at the lateral aspect of the 
shoulder and the buttocks supports the idea of a 
posttraumatic etiology. The notion of an inher-
ited defect in connective tissue formation is sup-
ported by some authors, and a genetic basis for 
at least some desmoid tumors is suggested by 
Gardner’s syndrome. The term Gardner’s syn-
drome is used to describe extracolonic manifes-
tations of familial adenomatous polyposis such 
as desmoid tumors, bony osteomas, dermoids 
and epidermoids, and/or nuchal fibromas 
together with abdominal wall desmoids and 
mesenteric desmoids [1, 148]. Some authors 
have hypothesized that an underlying mesen-
chymal defect may result in an imbalance in 
growth factors, resulting in multiple prolifera-
tive diseases, and may be responsible for the 

a b

Fig. 13.21 Knuckle pads. Longitudinal ultrasound scans 
of finger PIP joints in two patients. Note a band-like dif-
fuse thickening with a linear hypoechogenicity (a) and an 
ovoid, hypoechoic thickening (b) of the dorsal subcutane-

ous tissues overlying the interphalangeal joints. No dis-
tended joint capsule or increased joint fluid is seen, 
enabling the differentiation from synovitis (Reprinted 
with permission from Lopez-Ben et al. [94])
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coexistence of desmoids, gastrointestinal pol-
yps/colorectal cancer, and breast cancer [125]. 
Others have postulated a ciliary dysfunction as 
the underlying pathogenetic mechanism of the 
extracolonic manifestations in patients with 
familial adenomatous polyposis [54].

Extra-abdominal desmoids arise most com-
monly in the lower limb or limb girdle and in the 
shoulder region. In cases of lower limb localiza-
tion, a preference for the region of the sciatic 
nerve is reported [148]. Our own series consists 
of 30 extra-abdominal desmoid tumors in 26 
patients. The localizations were as follows: head 
and neck region (n = 1), upper limb (n = 4), trunk 
(n = 6), pelvis (n = 8), and lower limb (n = 11). 
Extra-abdominal desmoids never metastasize, 
but a multicentric, synchronous, and metachro-
nous presentation has been reported [142, 156]. 
In this condition, second tumor localizations gen-
erally develop proximally to the primary lesion. 
In our series, 5 of 26 patients had multiple 
localizations.

Bone involvement is not uncommon and has 
been reported in up to 37 % of patients. In addi-
tion, primary intramedullary, juxtacortical, and 
periarticular desmoids are found, which are his-
tologically indistinguishable from soft tissue des-
moids. In the same way, bone desmoids can 
extend into the soft tissues just as soft tissue des-
moids can involve the bone [27].

Microscopically, extra-abdominal desmoids 
consist of elongated spindle-shaped cells (fibro-
blasts) of uniform appearance, surrounded and 
separated from each other by varying amounts of 
collagen. Dense collagen is found at the periph-
ery and fibroblasts at the center [81]. Conversely, 
the center of the lesions may contain dense col-
lagen, whereas the periphery may be composed 
of fibroblasts [148]. In addition, myxoid change, 
focal hemorrhage, increased vascularity, and 
focal inflammation may be seen [81]. 
Immunohistochemistry staining was positive for 
actin, consistent with myofibroblastic differentia-
tion in extra-abdominal desmoid tumors [156]. 
Despite their benign microscopic appearance, 
extra-abdominal desmoids have an aggressive 
behavior, which is expressed as large tumoral 
growth, infiltration of neighboring tissues, and a 

high incidence of postsurgical recurrence 
(between 25 and 68 %). Most recurrent tumors 
have a different behavior and morphology. In our 
series they show an increased frequency of extra- 
compartmental spread, grow considerably faster 
than primary tumors, and have a tendency to 
invade the bone more frequently.

In a retrospective study of 138 patients with 
extra-abdominal desmoids, 11 died as a conse-
quence of locally uncontrolled tumor growth 
[124]. Kim [77] has retrospectively analyzed the 
clinical records and MRI findings in 40 patients 
(8 juveniles, 32 adults) with proven desmoid 
tumor. In his series, recurrences in the juvenile 
patients were more often multiple (50 % versus 
12 %) and appeared significantly earlier than in 
the adult patients.

On ultrasound scans, extra-abdominal des-
moids may be well-defined or poorly defined and 
may show variable echogenicity because of vari-
able degrees of cellularity, matrix water content, 
and collagen. In many cases, marked shadowing 
from the surface of the lesion, a result of the large 
amount of dense collagen tissue in the tumor, 
totally obscures the mass [43].

Because of the variability in tumor composi-
tion, the lesions have variable attenuation and 
enhancement on CT scans [2]. Duda has reported 
that extra-abdominal desmoids are iso- or 
hypodense relative to the muscle and enhance to 
100–110 Hounsfield units (HU) after injection of 
iodinated contrast material [28].

On MR images, the appearance of extra- 
abdominal desmoids varies [24, 117]. There are 
remarkable differences in shape in various 
patients as well as in different locations in a given 
patient with multicentric extra-abdominal des-
moids. Likewise, for a given lesion, shape may 
vary on follow-up examinations. The infiltrative 
pattern is significantly more common in juvenile 
patients (63 %), whereas the nodular pattern is 
more frequent in the adult patients (81 %) [77, 
106]. In our series, the shape of the lesions was 
fusiform-ovoid or dumbbell and irregular or stel-
late when located in the subcutis (Fig. 13.22). 
The mean maximum diameter was 72 mm. The 
“sunburst” extensions of subcutaneous desmoid 
tumors spread along the underlying fascia  (fascial 
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tail sign) and along the septa of the subcutaneous 
fat tissue, making complete surgical excision par-
ticularly difficult [106].

In the reported cases, extra-abdominal des-
moids appear hypo- or isointense to the muscle 
on spin-echo T1-weighted images. SI on 
T2-weighted images is mostly intermediate, 
although very low and extremely high signal 
intensities have been noted occasionally. Low SI, 
patchy, linear, or curvilinear areas on T2-weighted 
images correspond to hypocellular tissue and 
dense collagen. On both spin-echo sequences, 
but predominantly on T2-weighted images, extra- 
abdominal desmoids are inhomogeneous, mostly 
with higher SI in the central part (cellular) than at 
the periphery (collagenous) [58, 81] (Figs. 13.23, 
13.24, and 13.25).

After a retrospective study of 36 patients with 
histologically proven extra-abdominal desmoids, 
Hartman et al. have concluded that on MR 
images, the desmoids showed inhomogeneous SI 
(97 %), poor margination (89 %), neurovascular 
involvement (58 %), and bone involvement 
(37 %). Fibrosis was present in 88 % of primary 
desmoids and 90 % of recurrent lesions, and 

intermediate SI (greater than that of the muscle 
and lower than that of fat) was present in 75 % 
and 50 % of these, respectively [57].

In our personal study of 30 desmoid tumors, 
MR signal characteristics were variable. On 
T1-weighted images, lesions were usually almost 
homogeneous or homogeneous (n = 25). The 
overall SI was rated as equal to SI of the muscle 
in 21 cases. The SIs on T2-weighted images 
mostly were heterogeneously distributed (n = 24), 
with an overall SI slightly lower than (n = 15) or 
equal to (n = 8) fat. Hypointense areas were 
mostly curvilinear to irregular and may have a 
central (n = 4) or peripheral (n = 3) distribution 
within the lesion. Two cases with central low- 
intensity areas also show a low-SI peripheral 
band. The low-SI areas mostly comprise 0–20 % 
of the lesion (n = 14).

There are few reports regarding the use of 
contrast agents in extra-abdominal desmoids. In 
our series, all desmoid tumors showed a moder-
ate to strong enhancement on spin-echo Gd 
T1-weighted images, except for the areas of low 
SI on T2-weighted images, which remained 
unenhanced. Enhancement was more pronounced 

a b

Fig. 13.22 (a, b) Desmoid of the upper arm (a) in a 
23-year-old woman and (b) in a 44-year-old woman. (a) 
Axial spin-echo T1-weighted MR image. (b) Axial spin- 
echo T1-weighted MR image after gadolinium contrast 
injection. In the first patient, there is a stellar, infiltrating 
lesion within the subcutaneous fat of the deltoid region in 
close contact with the adjacent muscle fascia (a). In the 

second patient, there is a stellar, nodular infiltrating lesion 
within the subcutaneous fat of the deltoid region. The fat 
plane between the lesion and the adjacent muscle fascia is 
blurred (b). These two cases of superficial, stellar des-
moid in the deltoid region with infiltration of neighboring 
fat and muscle fascia illustrate the characteristic shape 
and location of superficial aggressive fibromatosis
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in the areas of high SI on spin-echo T2-weighted 
images. As a result, inhomogeneity was even bet-
ter demonstrated on spin-echo Gd T1-weighted 
images (Figs. 13.22, 13.24, and 13.25). On fol-
low- up examinations, the inhomogeneous pattern 
of contrast enhancement became more evident 
and paralleled the changes in SI noted on spin- 
echo T2-weighted images.

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

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

The same phenomenon has been described by 
Feld in a patient with multicentric involvement in 

which a gluteal lesion manifested low SI on 
T2-weighted images, whereas a lesion in the 
psoas muscle showed heterogeneous, increased 
SI on T2-weighted images. Histological exami-
nation of the gluteal lesion revealed dense col-
lagenous bundles, with cellular areas comprising 
less than 20 % of the tumor, while the lesion in 
the psoas muscle showed less collagenization 
and a more pronounced cellularity [36].

The amount of collagen in a given lesion may 
be reflected by SI on spin-echo T2-weighted 
images. This correlation between the amount of 
collagen and SI on spin-echo T2-weighted 
images suggests that older localizations of extra- 
abdominal desmoids (mature fibromatosis) show 
an increase in collagen that suggests progressive 
fibrosis, while, in cases of multicentric presenta-
tion, the proximal lesion seems to be less collag-
enous compared with the distal one (Fig. 13.26).

The relationship between cellularity and SI on 
T2-weighted images, as described by several 
authors [28, 36], could not be confirmed in our 
own series. Subtle changes in cellularity cannot 
explain substantial variance in SI on T2-weighted 
images, and, although there is a difference in cel-
lularity between young and older desmoids and 
between primary and recurrent ones, the overall 
cellularity of desmoids is low. Differences in SI 
between different tumor components, between 

a b

Fig. 13.23 (a, b) Desmoid of the forearm in a 71-year- 
old man. (a) Axial spin-echo T1-weighted MR image. (b) 
Axial spin-echo T2-weighted MR image. On the 
T1-weighted image, there is a large mass at the volar 
aspect of the forearm adjacent to the interosseous mem-
brane, with a rim of low signal intensity at the periphery 

of the lesion (a). On the T2-weighted image, the periph-
eral rim remains hypointense, while the central part is of 
higher signal intensity (b). This case illustrates a pattern 
of natural evolution where dense collagen is responsible 
for low signal intensity at the periphery of the lesion on all 
pulse sequences
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asynchronous multicentric desmoids, and 
between primary and recurrent desmoids will 
therefore be a consequence of a combination of 
variability in cellularity, amount of collagen, 
water content of the extracellular space, myxoid 
substance, and vascularity.

Periarticular desmoid tumors have to be dif-
ferentiated from other lesions with low SI on 
T2-weighted images, such as pigmented villo-
nodular synovitis, giant cell tumor of the ten-
don sheath, hemorrhagic synovitis, and 
hemophilic arthropathy [167]. Differential 
diagnosis of subcutaneous desmoids includes 
other superficial fibromatoses, such as nodular 
fasciitis, injection granulomas, granuloma 
annulare, pentazocine- induced myopathy with 

subcutaneous fibrosis, and postsurgical fibrosis 
[21, 152].

In a study comprising 13 patients, desmoid 
tumors usually appeared moderately hypermeta-
bolic on FDG PET imaging even in larger masses, 
while smaller tumors tended to appear hypometa-
bolic [163].

Desmoid tumors preferably are studied with 
MRI, diagnosed with imaged-guided biopsy, 
and treated according to the advice of a local 
multidisciplinary sarcoma unit [29]. Surgical 
resection with negative margins was previously 
considered the best treatment. However, signifi-
cant functional and cosmetic consequences and 
a high local recurrence rate of 50 % have led to 
a clear preference for a “watch and wait”  policy, 

a b

Fig. 13.24 (a, b) Desmoid of the calf in a 23-year-old 
man. (a) Sagittal spin-echo T2-weighted MR image. 
(b) Sagittal spin-echo T1-weighted MR image with fat 
suppression after gadolinium contrast injection. On the 
T2-weighted image, there is a polylobular mass with 
central areas of low signal intensity within each nodule 
and presence of a low-signal- intensity capsule around 
the lesion (a). After contrast injection there is marked 
enhancement of the peripheral zones without enhance-
ment of the central scar-like areas (b). This case of 

deeply seated juxtacortical desmoid (adjacent to the 
dorsal aspect of the tibial cortex) illustrates another 
pattern of natural evolution where collagen is found in 
the center and less collagenous parts at the periphery of 
the lesion. Furthermore, it illustrates a frequent finding 
that areas of higher signal intensity on T2-weighted 
images enhance after gadolinium administration, 
whereas areas of low signal intensity on T2-weighted 
images do not enhance and remain hypointense on all 
pulse sequences
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using MRI to distinguish indolent from aggres-
sive forms [123]. Natural evolution of des-
moids has shown gradual regression and 
involution over a few years in many cases, in 
particular for subcutaneous (non-fascial) and 
intramuscular types [18, 69, 152]. Aggressive 

forms can sometimes be treated successfully 
medically (anti- inflammatory or hormonal 
medication); radiotherapy, chemotherapy, and 
radical surgery are no longer considered the 
primary treatment [29, 123]. European consen-
sus on treatment approach was based on 

a b c

d e

f

Fig. 13.25 (a–f) Two cases of desmoid, one located at 
the hamstrings (a–c) and the other at the left serratus 
muscle (d–f). (a) Axial spin-echo T1-weighted MR 
image. (b) Axial spin-echo T2-weighted MR image with 
fat suppression. (c) Axial spin-echo T1-weighted MR 
image, after gadolinium contrast injection. (d) Coronal 
spin-echo T1-weighted MR image. (e) Axial turbo spin-
echo T2-weighted MR image with fat suppression. (f) 
Coronal spin-echo T1-weighted MR image after gado-
linium contrast injection. The first case is an old, mature 

desmoid which has low SI on all pulse sequences (a, b) 
and does not enhance after contrast injection (c). The sec-
ond case shows an ill-defined lesion, isointense to muscle 
on the T1-weighted image (d) and with a variable, mostly 
high SI on the T2-weighted image (e). In contrast with 
the first case, there is now a marked enhancement after 
gadolinium injection (f). These two cases demonstrate 
tumors of different age with different degrees of vascu-
larity and collagen deposition having different features 
on MR images

J.E. Vandevenne and A.M. De Schepper



275

patients’ and professionals’ expertise [73]. MR 
imaging is the preferred follow-up imaging 
modality, and recurrences often have a differ-
ent shape, larger volume, and more indistinct 
borders [93].

13.3.5  Abdominal Fibromatosis 
(Abdominal Desmoids)

Abdominal desmoids are rare fibroblastic lesions 
commonly found within the musculoaponeurotic 
fascia of the anterior abdominal wall, especially 
of the rectus and oblique external muscles. 
Occasionally, they grow eccentrically and pres-
ent as an intra-abdominal tumor. Seventy percent 
of cases occur in patients between the second and 
fourth decades, and they are common in women. 
There is a definite relationship with pregnancy 

(during or after), abdominal surgery, and trauma. 
It has been postulated that these tumors are estro-
gen sensitive. Abdominal desmoids may occur as 
isolated lesions or may be seen as a manifestation 
of Gardner’s syndrome.

Abdominal desmoid tumors are well-defined 
lesions, 5–15 cm in diameter, and in rare cases 
contain calcifications, necrotic or cystic changes, 
or hemorrhagic components. If they originate in 
the rectus muscle, they do not cross the midline 
of the abdomen. On CT scans, most abdominal 
desmoids are well-defined and homogeneous and 
appear isodense or slightly hypodense with 
respect to the muscle. If lesions are hyperdense, 
this is due to the high density of abundant colla-
gen and the rich capillary network [31]. The 
majority of lesions are either isodense or hyper-
dense when compared with muscle on contrast- 
enhanced scans.

a b c

Fig. 13.26 (a–c) Desmoid of the popliteal fossa in a 
28-year-old woman. (a) Sagittal spin-echo T1-weighted 
MR image after gadolinium contrast injection (January 
1989). (b) Sagittal spin-echo T1-weighted MR image 
after gadolinium contrast injection (November 199l). 
(c) Sagittal spin-echo T1-weighted MR image after gad-
olinium contrast injection (April 1994). The MRI exam-
ination in 1989 shows a large, dumbbell-shaped mass in 
the popliteal fossa with marked, nonuniform enhance-
ment of 80 % of the lesion (a). In 199l, the proximal part 
of the mass had increased in size, while the size of the 
distal part had decreased. Limited areas (20 % of the 

lesion) of enhancement in the proximal part and no 
enhancement in the distal part (b). On the image from 
MRI performed in 1994, there is no further change in 
tumor size. Except for two small enhancing nodules 
within the top of the proximal lesion (5 % of the lesion), 
the whole mass remains hypointense after contrast 
injection (c). This case illustrates the natural evolution 
of a primary desmoid tumor over a period of 6 years, 
showing the proximal migration of the lesion and the 
gradual decrease in enhancing cellular areas, together 
with an increase in nonenhancing collagenous 
components
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On MR images, tumors show nonspecific 
high SI on T2-weighted images, while low-SI 
areas on T2-weighted images probably repre-
sent abundant fibrous tissue [63] (Fig. 13.27). 
Despite adequate resection with clear histologi-
cal margins, the recurrence rate may be as high 
as 40 %. Sifumba has reported a tumor recur-
rence during pregnancy in an old scar 9 years 
after resection of a first abdominal desmoid 
[138].

13.3.6  Lipofibromatosis

Lipofibromatosis is a benign, slow-growing 
painless mass of congenital onset with a predi-
lection for the hands or feet, presenting as a 
poorly demarcated mass involving the subcutis 
of deep soft tissues [38]. Median age at diagno-
sis is 1 year (although lesions may occur 
throughout childhood and in young adults) with 
a 2:1 male predominance. The growing tumor 
entraps nerves, muscles, and vasculature but 
rarely impedes the function of these structures 
[158]. Most lesions are smaller than 5 cm at 
detection, but sometimes lesions may involve an 
entire limb [145].

Histologically, mature adipose tissue admixed 
with a proliferative spindle cell (fibromatosis- 
like) component is found. Surgical resection is 
the treatment of choice. However, cases of 
incomplete resection have not shown significant 
progression.

MR imaging demonstrates an ill-defined 
fibro- fatty tumor with varying amounts of fat 
and fibrous components [22]. The presence of 
intratumoral fat on MR imaging is a distin-
guishing feature with other fibrous soft tissue 
tumors (Fig. 13.28). Differential diagnosis 
includes  lipoblastoma, fibrous hamartoma of 
infancy, intramuscular lipoma, Proteus syn-
drome, and lipofibromatous hamartoma of the 
nerves [132, 155].

13.4  Fibrous Tumors of Infancy 
and Childhood

The following types of fibrous tumors of infancy 
and childhood are discussed:

 1. Fibrous hamartoma of infancy
 2. Infantile digital fibromatosis
 3. Juvenile hyaline fibromatosis
 4. Fibromatosis colli

The term “fibromatosis” is used for 
fibroblastic- myofibroblastic proliferations with 
the following characteristics: (a) a tendency to 
invade surrounding tissues, (b) a tendency to 
recur after incomplete resection, (c) absence of 
metastases, (d) in some fibromatoses, spontane-
ous regression, and (e) presentation with multifo-
cal tumors [30].

13.4.1  Fibrous Hamartoma of Infancy

Fibrous hamartoma of infancy is a solitary, 
benign, painless, subcutaneous tumor usually 
occurring before the age of 2 years and charac-
terized by an organoid mixture of three compo-
nents: trabeculae of dense fibrocollagenous 
tissue, areas of immature-appearing, small, 
rounded, primitive mesenchymal cells, and 
mature fat. Sometimes a pseudoangiomatous 
morphologic variation is seen. The lesion 
occurs about twice as often in males compared 
to females. The most common locations are the 
shoulder, axilla, and upper arm, followed by 
the buttocks, groin, and thigh [32]. The MRI 
findings parallel the three components of the 
lesion seen histologically, with an organized 
arrangement of fat interspersed among hetero-
geneous soft tissue bands composed of mesen-
chymal and fibrous tissue (Fig. 13.29) [141]. 
Likewise, ultrasound may demonstrate a 
hyperechoic mass with a serpentine pattern of 
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Fig. 13.27 (a–d) Abdominal 
desmoid in a 50-year-old woman 
(a, b) and in a 22-year-old woman 
(c, d). (a) Axial spin-echo 
T1-weighted MR image. (b) Axial 
turbo spin-echo T2-weighted MR 
image. (c) Sagittal spin-echo 
T1-weighted MR image. (d) 
Sagittal spin-echo T1-weighted 
MR image after gadolinium 
contrast injection. A polylobular 
mass can be seen, isointense to 
muscle and with low-signal- 
intensity septations on the 
T1-weighted image (a). On the 
T2-weighted image, the lesion has 
a mixed, overall low signal 
intensity (b). The second case 
involves the rectus muscle in a 
woman in the post-puerperal 
period. On the T1-weighted image, 
there is a well-delineated fusiform, 
inhomogeneous mass within the 
rectus muscle, with signal intensity 
comparable with signal intensity of 
muscle (c). The lesion 
demonstrates marked, nonuniform 
enhancement (d). These cases are 
illustrative of abdominal desmoids 
with characteristic location, patient 
age, and time of onset 
(post-puerperal)
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intervening hypoechoic portions [88]. Older 
lesions demonstrate a reduction of the mesen-
chymal component sometimes with capsule 
formation (making complete surgical resection 
more feasible). Fibrous hamartoma of infancy 
does not regress nor resolve spontaneously, 
and complete surgical resection is the treat-
ment of choice.

13.4.2  Infantile Digital Fibromatosis: 
Inclusion-Body Fibromatosis

In infantile digital fibromatosis (Reye’s disease), 
single or multiple fibromatous lesions arise from 

the fingers and toes, affecting predominantly the 
dorsolateral aspect of the distal parts of adjacent 
digits (kissing lesions). This rare entity mostly 
develops in patients under the age of 3 years, and 
histological examination typically reveals intra-
cytoplasmic inclusion bodies [65]. The role of 
imaging is limited. These tumors may undergo 
spontaneous regression. High recurrence rates 
(up to 60 %) are seen after surgery [140].

13.4.3  Juvenile Hyaline Fibromatosis

Juvenile hyaline fibromatosis is a rare condition 
that is thought to be a mesenchymal dysplasia, 

a

b

c

Fig. 13.28 Lipofibromatosis. (a) Lateral view on the 
X-ray shows a bulging soft tissue shadow extending from 
the metatarsophalangeal crease to the midtarsal region. 
(b) Proton-density axial MR image and (c) T1-weighted 
sagittal MR image showing a peripherally well-defined fat 

signal intensity mass lesion with low-intensity fibrous 
strands passing through the intermetatarsal space, with 
thinning and splaying of the muscles by fat lobules 
(Reprinted with permission from Deepti et al. [22])
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showing multiple subcutaneous tumors, hyper-
trophic gingiva, and flexion contractures of the 
extremities. Calcifications in soft tissue tumors, 
scoliosis, marked osteopenia, well-defined 
osteolytic lesions and cortical defects in tubular 
bones, severe acro-osteolysis, and destruction of 
epiphyses of the long bones are also reported. 
This autosomal, recessive condition is reported 
in children of consanguineous parents, and clin-
ical onset occurs between 2 months and 4 years 
of age. Recently, the term hyaline fibromatosis 
syndrome is introduced as an alternative term 
covering both juvenile hyaline fibromatosis and 
infantile systemic hyalinosis because of over-
lapping features and mutations in the same 
genes [116].

Subcutaneous nodules are slow growing and 
may reach a large size, producing deformities. 
Surgical excision is often followed by tumor 
recurrence. The severity and the course of disease 
vary, but most patients survive only up to the 
fourth decade [139].

Histologically, the lesion is characterized by 
the presence of hyaline substance in the 
tumoral connective tissue. Diagnosis is con-
firmed by electron-microscopic examination 

[49]. Radiography will demonstrate soft tissue 
enlargement with focal calcifications and mul-
tiple cortical erosions (erosions often at the 
medial side of proximal tibia diaphysis) 
(Fig. 13.30). On MR images the lesions may 
have a lobulated appearance and are typically 
bright on T2-weighted images (most likely 
reflecting the hyaline matrix) and strongly 
enhance after contrast medium injection 
(Fig. 13.31) [150, 170]. MRI may be a signifi-
cant diagnostic aid, as other fibromatosis syn-
dromes have nodules that are of low signal on 
T2-weighted images [66].

13.4.4  Fibromatosis Colli

Fibromatosis colli is a peculiar growth of the 
sternocleidomastoid muscle that appears within 
the first weeks of life and is often associated with 
congenital muscular torticollis. It occurs in 0.4 % 
of newborns. There is a marked male predomi-
nance. It remains unclear whether the fibroblas-
tic proliferation is reparative or neoplastic. 
Although there is a history of breech or compli-
cated delivery in more than 4 % of the cases, 

a b

Fig. 13.29 (a, b) Fibrous hamartoma in a 6-month-old 
boy. (a) Coronal spin-echo T1-weighted MR image. (b) 
Axial spin-echo T2-weighted MR image. On the 
T1-weighted image, the lesion presents as an ill-defined, 
inhomogeneous mass of intermediate signal intensity 

within the subcutaneous tissue of the ventral aspect of the 
left thigh (a). On the T2-weighted image, the lesion is spi-
derlike, with low to intermediate signal intensity (b). MRI 
demonstrates the histological composition with fatty and 
fibrous parts
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microscopic appearance of the lesion differs 
from that of proven cases of organizing hema-
toma, and there is also very little demonstrable 
hemosiderin within it. Vascular impairment as 
the result of prolonged venous stasis or ischemia 
during labor is another possible cause. 
Nevertheless there is a clear association with 

other musculoskeletal developmental abnormali-
ties that are associated with abnormal intrauter-
ine positioning, including forefoot anomalies 
and congenital hip dislocation [41].

Clinically the lesion manifests between the 
second and fourth week of life as a firm mass of 
2–3 cm diameter lying within the lower portion 

a

b

Fig. 13.30 Juvenile hyaline fibromatosis. (a) Anteroposterior 
radiograph of the hands (a) and forefeet (b) showing soft tis-
sue enlargement, calcifications around distal phalanges, and 

multiple cortical erosions (Reprinted with permission from 
Slimani et al. [139])
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of the sternocleidomastoid muscle. Initially it 
grows rapidly, but after a few weeks or months, 
growth comes to a halt. Later it begins to regress 
and may disappear after a period of l or 2 years. 
It never recurs and at no time does it behave 
aggressively. During the initial growth period, 
torticollis occurs in 40 % of all cases and usually 
is mild and transient and can be treated by physi-
cal therapy [71].

Microscopically the sternocleidomastoid 
muscle is partially replaced by a fibroblastic pro-

cess of varying cellularity without pleomorphism 
or mitotic activity. Residual degenerated muscle 
fibers are intimately mixed with proliferating 
fibroblasts. Long-standing lesions may show a 
lower degree of cellularity and a greater amount 
of stromal collagen [32].

On ultrasound scans, the mass typically is 
found within the distal two-thirds of the sterno-
cleidomastoid muscle (often on the ventral side) 
and may be hyperechoic (50 %), isoechoic, or 
hypoechoic relative to normal muscle. The 

a b

Fig. 13.31 Juvenile hyaline fibromatosis. A 15-month- 
old boy with stiff joints (presumed diagnosis of arthrogry-
posis multiplex congenita) and gingival hyperplasia. (a) 
Anteroposterior (AP) radiograph of the knee shows a 
characteristic depressed lesion at the medial side of the 
proximal tibial metaphysis and soft tissue swelling around 

the knee joint. (b) Coronal fat-suppressed T1-weighted 
whole-body MR image with contrast enhancement shows 
multiple enhancing homogeneous articular and periarticu-
lar soft tissue nodules throughout the whole body 
(Reprinted with permission from Yoo et al. [170])
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echotexture may be homogeneous (50 %) or het-
erogeneous (50 %). The mass is surrounded by a 
hypoechoic rim in 90 % of cases [1]. Ultrasound 
is the method of choice for follow-up of fibroma-
tosis colli (Fig. 13.32) [17]. On CT scans, fibro-
matosis colli appears as a focal or diffuse isodense 
enlargement of the sternocleidomastoid muscle 
with or without mass effect. Due to radiation con-
straints, CT is –however – not the preferred tech-
nique (Fig. 13.33a). Ultrasound is usually 
sufficient for diagnosis and MRI is rarely 
required. On MR images fibromatosis colli may 
present with a slightly increased SI on 
T2-weighted images compared with normal 
 muscle or with a slightly decreased SI on 
T2-weighted images consistent with the presence 
of some fibrous tissue (Fig. 13.33) [1]. Imaging 
findings that are not characteristic of fibromatosis 
colli are mass extending beyond the margins of 
the sternocleidomastoid muscle, poor definition 
of the surrounding fascial planes, and/or mass 
associated with adenopathy, bone involvement, 
intracranial or intraspinal extension, vascular 
encasement, and airway compression. If essential 
clinical and radiological features of fibromatosis 

colli are present, recognition of this entity by 
medical imaging can prevent unnecessary diag-
nostic and therapeutic maneuvers [17].

13.5  Intermediate-Grade Fibrous 
and Fibromyoblastic Tumors

13.5.1  Dermatofibrosarcoma 
Protuberans

Dermatofibrosarcoma protuberans is a rare der-
mal tumor usually occurring in young to middle- 
aged adults, but also seen in children and in the 
elderly. It typically presents as an exophytic, 
nodular/multinodular slowly growing cutaneous 
mass. Early lesions are plaque-like with reddish 
discoloration which may resemble morphea or 
hemangioma. Rapid growth is suspicious for 
fibrosarcomatous change. Larger lesions may 
invade from the dermis to the subcutaneous fat, 
fascia, muscle, or bone.

On histopathology, a honeycomb appear-
ance is seen due to neoplastic cells growing 
along the fibrous septa of the subcutaneous fat 

a b

c

Fig. 13.32 (a–c) Transverse (a) and longitudinal (b) 
ultrasound and power Doppler ultrasound (c) of the mid-
dle third of the sternocleidomastoid muscle (arrows) in a 
4-week-old girl. Normal muscle echotexture is not present 
within the mass that demonstrates both hypo- and hyper- 

reflective components (a, b). Power Doppler demonstrates 
increased blood flow within the mass. Lower arrow points 
to the carotid artery (c). (Reprinted with permission from 
Peters B, Vanhoenacker F, Van Soom M, Bosmans JML 
(2014) Ortho-rheumato 12:6, p 23–25. ISSN 1379–8928)
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Fig. 13.33 (a–d) Fibromatosis colli in a l-day-old boy 
(a) and a 7-week-old girl (b–d) presenting clinically with 
torticollis. (a) CT scan. (b) Ultrasound of the left sterno-
cleidomastoid muscle. (c) Coronal spin-echo T1-weighted 
MR image. (d) Axial turbo spin-echo T2-weighted MR 
image. CT scan showing overall enlargement of the left 
sternocleidomastoid muscle, without obvious change in 
attenuation (a). On ultrasound scans, there is a fusiform 

mass in the distal part of the muscle. The mass is hyper-
echoic and lacks muscle fiber structure (b). On the 
T1-weighted image, there is a fusiform enlargement of the 
left sternocleidomastoid muscle (c), while on the 
T2-weighted image, the lesion is less homogeneous and 
predominantly of high signal intensity (d). Characteristic 
age, location, and shape of a fibroma colli
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interdigitating with fat lobules. It consists of 
collagenous stroma containing small blood 
vessels and spindled tumor cells. The pig-
mented variant contains pigmented, dendritic 
melanocytic cells and is known as Bednar 
tumor. Another variant contains a myxoid 
stroma.

CT demonstrates a mass without calcifica-
tions, isodense to muscle and with heterogeneous 
enhancement [171]. MRI is used to delineate the 
extent of the larger lesions, showing a well- 
defined mass in the subcutaneous tissue. The 
MRI appearance is nonspecific, showing a low 

signal intensity on T1- and high signal intensity 
on T2-weighted images and a uniform or patchy 
enhancement (Figs. 13.34 and 13.35) [147]. 
Heterogeneous intratumoral foci of hemorrhage, 
myxoid change, or necrosis may be present. On 
angiography a nonspecific, early enhancing vas-
cular lesion is seen.

Wide local excision is the preferred treatment, 
if possible using Mohs micrographic surgery 
[146]. Local recurrences occur between 10 and 
25 %, but even more often if resected with posi-
tive margins. Rarely metastases arise, usually 
found in the lung. Diffusion-weighted MR imag-

a b c

Fig. 13.34 (a–c) Parasagittal T1- (a), T2- (b), and post- 
contrast T1-weighted MR images of the upper back. Oval 
tumoral lesion with sharp delineation and limited to the 
subcutis; no signs of invasion to deeper soft tissue. The 

tumor was resected with wide margins. Follow-up after 24 
months (not shown) revealed no recurrence (Reprinted 
with permission from Goto et al. [55])

a b c

Fig. 13.35 (a–c) Parasagittal T1- (a), T2- (b), and post- 
contrast fat-saturated T1-weighted MR images of the 
thigh. Multinodular lesion in the subcutis with protrusion 

above the skin. After resection with a wide margin, no 
recurrence was seen over a period of 12 months (Reprinted 
with permission from Goto et al. [55])
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ing may help to delineate the extent of recurrent 
lesions on a background of postoperative scar tis-
sue [151] [55].

13.5.2  Extrapleural Solitary Fibrous 
Tumor

Solitary fibrous tumor is a mesenchymal tumor 
that arises from primitive fibroblast-like cells in 
connective tissue, often with a prominent, 
hemangiopericytoma-like branching vascular 
pattern. The term “hemangiopericytoma” was 
abandoned. It is used only to describe a morpho-
logical pattern that is shared by different entities. 
Currently, solitary fibrous tumor, hemangioperi-
cytoma, lipomatous hemangiopericytoma, and 
giant cell angiofibroma are all lumped under the 
“extrapleural solitary fibrous tumor” category. 
Gene fusion NAB2-STAT6 has been established 
as the defining driver mutation of solitary fibrous 
tumors. This tumor can be associated with hypo-
glycemia secondary to production of insulin-like 
growth factor (Doege-Potter syndrome), osteoar-
thropathy, arthralgia, and clubbing [52].

This lesion is uncommon and observed in mid-
dle-aged adults without sex predilection. Solitary 
fibrous tumors can be found at any location of 
which 40 % in the subcutaneous tissue. Most soli-
tary fibrous tumors are found at the pleura, face, 
and meninges. It is estimated that extrapleural 
solitary fibrous tumors account for about 40 % of 
cases. It is mostly a large, well-delineated, slowly 
growing, and painless mass. Histopathologically 
it consists of a mixture of hypocellular and hyper-
cellular areas separated from each other by thick 
bands of collagen and branching, 
hemangiopericytoma- like vessels. Malignant sol-
itary fibrous tumors (10–15 %) behave aggres-
sively and show histopathological features of 
hypercellularity, cytological atypia, necrosis, 
numerous mitoses, and infiltrative growth.

Radiography and CT may sometimes demon-
strate a few calcifications [114]. Color Doppler 
ultrasound may demonstrate increased tumoral 
vascularization. On MR images, solitary fibrous 
tumors of the extremities have nonspecific fea-
tures, i.e., inhomogeneous, low to intermediate 

SI on T1-weighted images and inhomogeneous, 
intermediate to high SI on T2-weighted images 
[4, 161] (Figs. 13.36 and 13.37). Avid contrast 
enhancement is seen in a homogeneous or het-
erogeneous (larger lesions) pattern, and enlarged 
feeding or draining vessels may be noted. 
Dynamic contrast enhancement studies of 
vascular- rich areas show a rapidly ascending 
slope followed by a descending slope (which 
may resemble a malignant pattern). Digital 
 subtraction angiography often shows marked 
vascularity with tumor staining and early venous 
filling [114].

13.5.3  Inflammatory Myofibroblastic 
Tumor

It is a distinctive lesion, primarily a visceral and 
soft tissue tumor of children and young adults, 
composed of myofibroblastic spindle cells 
accompanied by an inflammatory infiltrate of 
plasma cells, lymphocytes, and eosinophils. 
Synonyms include plasma cell granuloma, 
inflammatory pseudotumor, and inflammatory 
fibrosarcoma. All body parts can be affected and 
they determine the symptoms of inflammatory 
myofibroblastic tumor [41, 120]. The lung, mes-
entery/omentum, and orbits are the most com-
mon sites [68].

Findings of a mass lesion are frequently in 
association with fever, weight loss, and pain; 
these clinical symptoms resolve after resection of 
the tumor. Imaging studies reveal a lobulated, 
solid mass which can be small or large, single or 
multiple, and well-defined or ill demarcated, 
most often inhomogeneous and containing low- 
signal intensity areas on T1 and T2 (Fig. 13.38). 
Some lesions may demonstrate calcifications and 
lesions can be single or multiple [90].

13.5.4  Low-Grade Myofibroblastic 
Sarcoma

Myofibroblasts are defined as modified fibro-
blasts that contain contractile elements (such 
as in smooth muscle cells) and are capable of 
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synthesizing stromal components (as fibro-
blasts do), e.g., collagen. Myofibroblast cells 
are present in reactive processes such as nodu-
lar fasciitis or granulation tissue. The concept 
of a low-grade sarcoma composed of myofi-
broblasts has only recently become clearly 
defined. Low-grade myofibroblastic sarcomas 
are indolent lesions and occur predominantly 
in the head and neck (skull base, oral cavity) 
and also in the extremities or trunk, involving 
the subcutaneous tissue, submucosa, deep soft 
tissue, or intraosseous areas [39]. These tumors 
often are unencapsulated and may infiltrate 
adjacent fibrous, fatty, or muscular tissue. It is 
difficult to distinguish inflammatory myofibro-
blastic tumor from low- grade myofibroblastic 
sarcoma; both morphological and immunohis-
tological analyses are required. For clinical 
reasons, it is important to differentiate these 
tumors: myofibroblastic sarcomas have a ten-

dency to recur locally (up to 75 % depending 
on their grade) but rarely metastasize [108].

Reports on imaging are sparse. CT may show 
a mass of intermediate density, enhancing after 
intravenous contrast medium injection. MRI may 
demonstrate a well-defined or ill-defined lesion 
with signal intensity comparable to the muscle on 
T1, intermediate to high signal intensity on T2, 
and enhancement after intravenous gadolinium 
(Fig. 13.39) [110].

13.5.5  Myxoinflammatory 
Fibroblastic Sarcoma

Myxoinflammatory fibroblastic sarcoma previ-
ously also called acral myxoinflammatory fibro-
blastic tumor is a rare tumor occurring in 
middle-aged adults (equally among men and 
women) and most often in the hands or feet (acral 

a b

Fig. 13.36 (a, b) Solitary fibrous tumor of the right pop-
liteal fossa. (a) Sagittal T1-weighted MR image. (b) 
Sagittal T1-weighted MR image after gadolinium contrast 
injection. An oval, largely homogeneous lesion is seen 

lying superficial to the major vessels. There is no invasion 
of the subcutis (a). After contrast administration, a strong 
enhancement of the mass is seen (b)
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locations). Lesions are centered in the subcutane-
ous tissues and growing as single or multiple 
nodules along fibrous connective tissue of fat, 
fascia, or tendon sheaths. Bone involvement may 
rarely be present. Patients usually present with a 
slowly growing painless mass, but some may 
present with pain or tenderness.

On pathological examination, four elements 
are found: proliferative fibroblasts (spindle cells), 
myxoid matrix, associated inflammatory compo-
nents, and Reed-Sternberg-like atypical giant 
cells. According to the WHO 2013 classification, 
this tumor can be characterized by the transloca-
tion t(1;10) [6].

On imaging, these lesions are predominantly 
subcutaneous, often involving adjacent tendon 
sheaths. Imaging characteristics are variable 
and depend on the relative components (myx-
oid, inflammatory, or fibrosclerotic), on the 
infiltrative degree (well-defined or poorly cir-
cumscribed), and on the shape (single or multi-
nodular). In general, lesions are of lower signal 
than the muscle on T1 and of mixed signal or 
high signal on T2 [143]. Predominant low sig-
nal on T2 has not been described, which helps 
to differentiate these acral lesions from giant 
cell tumor of the tendon sheath. Enhancement 
is often heterogeneous, and enhancing areas 

a b

c d

Fig. 13.37 (a–d) Solitary fibrous tumor. Intramuscular 
cellular tumor in the right paraspinal muscles in a 31-year- 
old man developing pulmonary metastasis. (a) Ultrasound 
image depicts a heterogeneous, hypoechoic mass (arrows) 
with prominent internal vascularity. (b) Non-contrast 
axial CT reveals a mass iso- to mildly hypodense to the 
muscle and a small internal calcification. (c) Axial 
T2-weighted MR image shows a predominantly hyper-
intense mass (arrow) with heterogeneous regions of low 

signal intensity. (d) Axial CT of the chest in lung windows 
shows a small pulmonary nodule (arrow) present at the 
time of clinical presentation, which increased in size on 
subsequent follow-up and was proved by biopsy to be 
metastasis, along with two other small lung nodules (not 
shown). Final histology confirmed a metastatic cellular 
solitary fibrous tumor without any histological signs of 
malignant transformation (Reprinted with permission 
from Musyoki et al. [114])
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c

Fig. 13.38 (a–c) Inflammatory myofibroblastic tumor in 
a 12-year-old girl who presented with swelling of the eye-
lid. (a) Axial fat-saturated T2-weighted MR image shows 
hyperintense infiltrative lesion (arrows) involving the 
right orbit. (b) Axial precontrast T1-weighted MR image 
demonstrates that the lesion (arrows) is isointense in sig-

nal intensity relative to muscle. (c) Fat- saturated post-
contrast T1-weighted MR image shows heterogeneous 
enhancement of the infiltrative lesion with retrobulbar fat 
infiltration, involving the optic nerve, rectus muscles, ten-
dons, and lacrimal gland (arrows) (Reprinted with per-
mission from Oguz et al. [120])
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correspond to fibromyxoid stroma or to myxoid 
low-grade tumor nodules, while nonenhancing 
areas may be indicative for cellular, higher-
grade tumor (Fig. 13.40) [48]. Acral location 
may lead to erroneous initial diagnosis such as 
glomus tumor, epidermoid inclusion cyst, or 
giant cell tumor of the tendon sheath.

Wide local excision combined with radiother-
apy is the treatment of choice because of frequent 
local recurrences (more than half of the cases); 
metastatic disease is extremely rare [144]. 
Prognosis is relatively good with a long life 
expectancy.

13.5.6  Infantile Fibrosarcoma

Infantile, congenital, or juvenile fibrosarcoma is 
a rare childhood malignancy (3 % of all child-
hood tumors) of mesodermal origin. For some 
authors [32], infantile fibrosarcoma is a distinct 
lesion, while for others [135, 154] it cannot be 
differentiated from the aggressive infantile type 
of fibromatosis described above. It usually pres-
ents at birth or during the first year of life. 
Prenatal diagnosis is likely to increase due to rou-
tine antenatal ultrasound. There is no sex prepon-
derance. The superficial and deep soft tissues of 

a b

c

Fig. 13.39 (a–c) Fig. 13.37 a–c. Low-grade myofibro-
blastic sarcoma. MRI of the lower spine in a 46-year-old 
woman. T1-weighed images revealed an iso- to high- 
intensity mass in the multifidus muscle (a, arrowheads). 

T2-weighted MRI detected an ill-defined high-intensity 
mass (b, arrowheads). Post-contrast T1-weighted images 
showing significant enhancement (c, arrowheads) 
(Reprinted with permission from Morii et al. [110])
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the extremities, especially distally, are the most 
common sites, accounting for 61 % of cases over-
all [41]. It tends to show a rapid increase in size 
and distant metastasis may occur in 8 % of cases 
[59]. Infantile cases are often grotesquely large in 
proportion to the size of the child [41]. The adja-
cent bone may show some deformity with corti-
cal thickening and failure of normal tubulation. 
Large tumors may cause bone erosion, bowing, 

remodeling, or destruction. Intratumoral ossifica-
tion or calcification is rare.

Histologically, infantile fibrosarcoma is an 
undifferentiated fibroblastic spindle cell tumor of 
intermediate grade of malignancy, which is 
densely cellular, often in a herringbone pattern 
with numerous mitoses and infiltrative margins. 
Collagen formation is not prominent. Cystic, 
myxoid, highly vascular, and necrotic tumor 

a b

c d

Fig. 13.40 (a–d) 
Myxoinflammatory 
fibroblastic sarcoma at the 
middle finger of a 
60-year-old man. An AP 
radiograph (a) shows a 
lucent lesion in the distal 
phalanx (arrowhead) with 
an associated pathologic 
fracture (arrow). The 
lateral radiograph (b) 
shows that the lesion has 
caused cortical destruction 
in the volar aspect of the 
phalanx (arrowhead). 
Sagittal T2 fat-suppressed 
MR images show a high 
T2 signal mass 
(arrowhead) in the volar 
aspect of the distal phalanx 
(c). On a T1-weighted, 
fat-suppressed, post- 
contrast image (d), the 
majority of the mass on the 
volar aspect (arrowhead) 
has thin peripheral 
enhancement, with a 
nodular component 
undergoing more diffuse 
enhancement dorsally 
(arrow) (Reprinted with 
permission from Gaetke- 
Udager et al. [48])
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components are often seen [59]. Congenital 
infantile fibrosarcomas have a characteristic 
chromosomal translocation – t(12;15) – which 
aids in distinguishing it from other soft tissue 
neoplasms.

Tumors are isoechoic on US and mildly 
hypodense on plain CT. CT is useful in demon-
strating the extent of the tumor and the bony 
involvement, while disruption of soft tissue 
planes is better shown on MR images. Although 
MR imaging findings are variable and not spe-
cific, infantile fibrosarcoma should be considered 
in the differential diagnosis of a large mass devel-
oping in a limb at birth or during the neonatal 

period when MR imaging depicts a well- 
circumscribed mass, isointense on T1- and hyper-
intense on T2-weighted images, sometimes 
heterogeneous and septated, with strong enhance-
ment and intratumoral hemorrhage (Fig. 13.41).

Treatment nowadays consists almost exclu-
sively of chemotherapy. In contrast to adult fibro-
sarcoma, infantile fibrosarcoma (typically 
congenital or in children less than 10 years old) 
shows a more indolent clinical course with 5-year 
survival rates of 84–93 % [3, 9]. MRI has a role in 
follow-up, often demonstrating hypertrophic 
lipomatous tissue when the tumor regresses, and 
early detection of local tumor recurrence.

a b

c d

Fig. 13.41 (a–d) Infantile fibrosarcoma (arrows) located 
anterior to the left shoulder of a 6-month-old girl. (a) The 
mass located deep to the pectoralis muscles (arrowheads) 
and anterior to the humoral head (H) is echogenic and 
shows vascularity on ultrasound. It is iso- to slightly 

hyperintense on axial T1-weighted image (b) and hyper-
intense on axial T2-weighted fat-saturated image (c) and 
shows fairly homogeneous enhancement on post-contrast 
T1-weighted fat-saturated image (d) (Reprinted with per-
mission from Ainsworth et al. [3])
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13.6  Malignant Fibromyoblastic 
Tumors

13.6.1  Adult Fibrosarcoma

Adult fibrosarcoma is a malignant tumor com-
posed of fibroblasts with variable collagen pro-
duction and herringbone architecture and is 
capable of recurrence and metastasis [32]. 
Histologic, immunohistochemical, and ultra-
structural examination are important tools for 
diagnosing fibrosarcoma and for differentiating 
fibrosarcoma from nodular fasciitis, myxofibro-
sarcoma, musculoaponeurotic fibromatosis, and 
other sarcomas. Recognition of these lesions as 
specific tumors and entities is responsible for the 
decline in the incidence of fibrosarcoma and for 
the overdiagnosis of fibrosarcoma in earlier stud-
ies [7].

Clinically, fibrosarcoma presents as a slowly 
growing, solitary, palpable mass with a diameter 
of 3–8 cm. It may reach a large size before caus-
ing symptoms. The lesion is most common 
between the ages 30 and 55 years, and the inci-
dence is slightly higher in women. The thigh and 
the knee region are preferential localizations, fol-
lowed by the trunk, distal legs, and forearms. 
Less than 5 % of these tumors present in the head 
and neck [50]. Deep fibrosarcomas originate 
from the intramuscular and intermuscular fibrous 
tissue, fascial envelopes, aponeuroses, and ten-
dons. They may cause periosteal and cortical 
thickening and rarely demonstrate intralesional 
calcifications or ossifications. Superficial or sub-
cutaneous fibrosarcomas arise in tissues damaged 
by trauma, scarring, heat (burns), or radiation.

Macroscopically, small fibrosarcomas are 
well-defined, while larger fibrosarcomas tend to 
be poorly defined, grow in a diffusely invasive 
manner, and are often multiloculated. 
Microscopically, fibrosarcomas have a rather uni-
form or fasciculated growth pattern consisting of 
spindle-shaped cells separated by interwoven 
collagen fibers that are arranged in a parallel 
fashion. Mitotic activity is a condition for diag-
nosis. Grading of fibrosarcoma (well differenti-
ated versus poorly differentiated) is based on the 
degree of cellularity, the cellular maturity, the 

amount of collagen produced by the tumor cells, 
and the presence of necrosis and/or intralesional 
hemorrhage.

Low-grade fibrosarcoma (well differentiated) 
is defined by sheets of uniform spindle cells with 
moderate cellularity arranged in a herringbone 
pattern, mild nuclear pleomorphism, and only 
rarely mitoses. A collagenous stroma is usually 
present. High-grade lesions (poorly differenti-
ated) show greater nuclear pleomorphism, abun-
dant cellularity, frequent mitotic activity, and 
possible tumor necrosis. Despite the fact that des-
moids are characterized more by their localiza-
tion and that fibrosarcomas are larger in size, 
differentiation between desmoids (representing 
more than 70 % of tumors of fibrous tissue) and 
fibrosarcomas (less than 5 %) is difficult even on 
MR images (Figs. 13.42 and 13.43). Multicentric 
presentation of fibrosarcoma is a rare finding 
which can hardly be differentiated from meta-
static fibrosarcoma (Fig. 13.44). The treatment of 
choice is wide local excision. Simple excision of 
fibrosarcomas is often followed by local 
recurrence.

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

All patients underwent MRI. Lesions were 
either homogeneous or inhomogeneous on both 
T1- and T2-weighted images. Most lesions 
showed signal intensities equal to those of  muscle 
on T1-weighted images and low-SI areas on a 
background of moderate to high SI on 
T2-weighted images. T1-weighted images after 
Gd contrast were performed in nine patients. 
Ninety percent of the lesions showed a marked, 
peripheral enhancement, with a spoked-wheel 
appearance in three patients. Nonenhancement of 
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central tumor parts was not a consequence of 
intratumoral necrosis. In only one case did the 
nonenhancing central part correspond to an area 
of high SI on T2-weighted images. Osseous 
involvement was rare, being noted only once in 
the group of solitary fibrosarcomas. The patient 
with multicentric fibrosarcoma had numerous 
osteolytic osseous lesions and two soft tissue 
nodules at the pelvic girdle (Fig. 13.44).

13.6.2  Myxofibrosarcoma

Myxofibrosarcoma, formerly known as the myx-
oid variant of malignant fibrous histiocytoma, is a 
malignant fibrous lesion that preferentially 
affects adults and elderly (mean age 66 years). It 
exhibits a slight male predominance. The major-

ity of patients present with a slowly enlarging and 
painless mass. Most lesions (80 %) arise in the 
extremities and less frequently in the trunk, retro-
peritoneum, pelvis, head, and neck. Seventy per-
cent of the masses are located in the subcutis, 
others in the intermuscular or intramuscular 
planes; they commonly have very infiltrative 
margins. A myxofibrosarcoma lesion is defined 
as low grade if 30 % or more is of myxoid com-
ponent, 20 % or less is solid area and only focal, 
and 10 % or less is tumor necrosis [61].  Low- grade 
myxofibrosarcomas occur more frequently in a 
superficial location [118].

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

a b c

d e f

Fig. 13.42 Two cases of fibrosarcoma (a–f). (a) Axial 
spin-echo T1-weighted MR images. (b) Axial spin-echo 
T1-weighted MR images after gadolinium contrast injec-
tion. (c) Axial spin-echo T2-weighted MR images. (d) 
Axial spin-echo T1-weighted MR images. (e) Axial spin- 
echo T1-weighted MR images after gadolinium contrast 
injection, with fat suppression. (f) Turbo spin-echo 
T2-weighted MR images. In both cases lesions are nonho-

mogeneous and isointense to muscle on T1-weighted MR 
images (a, d); they are nonhomogeneous and of overall 
low SI on T2-weighted MR images (b, e) and enhance in 
a spoked-wheel pattern after contrast administration (c, f). 
Large size and SIs are compatible with the diagnosis of 
fibrosarcoma. Good delineation and speckled areas of low 
SI do not allow differentiation from extra-abdominal 
desmoids
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mainly myxoid aspect, whereas, in high- grade 
myxofibrosarcoma, high mitotic activity, pleomor-
phism, and intratumoral necrosis are seen.

Mentzel et al. describe local recurrences in 
54 % of their cases (follow-up of 5–300 months) 
and metastases in 17 %. Neither the depth of the 
primary lesion nor the histological grade influ-
ences the incidence of local recurrence. 
However, because only intermediate- and high-
grade neoplasms metastasize, it is important to 
recognize low-grade myxofibrosarcoma, 
because incorrect initial diagnosis and treat-
ment may result in local recurrence, with pro-
gression to a higher-grade lesion that has the 
capability to metastasize [47, 104].

On ultrasound scans, a well-circumscribed 
hypoechoic mass is seen. On T1-weighted MR 

images, the lesion is homogeneous and has inter-
mediate SI [129]. Increased perifascial T2 signal is 
a characteristic finding in myxofibrosarcoma [74]. 
T2-weighted images reflect the myxoid content of 
low- and intermediate-grade myxofibrosarcoma, 
the myxoid content being inversely proportional to 
the cellularity and the grade of the tumor. 
Gadolinium-enhanced T1-weighted images with 
fat suppression are key to demonstrate the fascial 
tail sign, with tumor extensions that may invade 
fascial planes around muscle compartments dis-
tant from the tumor center (Figs. 13.45, 13.46, and 
13.47). The tail sign may be associated with higher 
local recurrences [75, 169].

High-grade myxofibrosarcoma is not easily 
distinguished from other adult pleomorphic sarco-
mas as well on histopathology as on imaging [76].

a b

c

Fig. 13.43 (a–c) Fibrosarcoma of the foot in a 34-year- 
old man. (a) Sagittal spin-echo T1-weighted MR 
image. (b) Sagittal spin-echo T1-weighted MR image 
after gadolinium contrast injection. (c) Coronal spin-
echo T2-weighted MR image. A large fusiform mass 
lesion is present at the foot deep to the plantar aponeu-
rosis, with involvement of the medial cuneiform bone. 

Overall signal intensity on the T1-weighted image is 
low (a). The lesion shows moderate enhancement, with 
a nonenhancing nodule at the distal part (b). On the 
T2-weighted image, the lesion is of homogeneous high 
signal intensity (c). Age, location, and MRI character-
istics suggest a malignant tumor but do not allow fur-
ther histological typing
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Low-grade myxofibrosarcoma may not be con-
fused with low-grade fibromyxoid sarcoma, 
another myxoid mesenchymal sarcoma with fibro-
blastic differentiation, which has – in contrast to 
low-grade myxofibrosarcoma – an indolent but 
ultimately malignant clinical course [101, 102].

13.6.3  Low-Grade Fibromyxoid 
Sarcoma

Low-grade fibromyxoid sarcoma previously 
known as Evans tumor demonstrates relatively 
low-grade histological features but paradoxically 

a

b

c

d

Fig. 13.44 (a–d) Fibrosarcoma multiforme in a 
50-year- old man. (a) Radiographs of both femoral 
shafts. (b) Axial spin-echo T2-weighted MR image at 
the level of the acetabulum. (c) Axial spin-echo 
T2-weighted MR image at the level of the femoral 
heads. (d) Coronal spin-echo T1-weighted MR image. 
On conventional radiographs, there are multiple, oval, 
purely osteolytic lesions in the cortical bone of both 
femora (a). On the T2-weighted image, there is a 
rounded lesion within the left gluteus maximus muscle, 
consisting of multiple lobules of high signal intensity, 
separated by septa of intermediate signal intensity (b). 

On the T2-weighted image at the level of the femoral 
heads, there is an inhomogeneous lesion within the 
right femoral head, partly of high signal intensity. 
There is a small, high-intensity soft tissue lesion in the 
gluteus maximus muscle on the left side (c). On the 
coronal view, there are multiple lesions of intermediate 
signal intensity at both femoral heads and right greater 
trochanter (d). Coexistence of bone and soft tissue 
lesions is a rare finding in fibrosarcoma. Differentiation 
from metastatic fibrosarcoma remains difficult even 
histologically
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Fig. 13.45 (a–f) Myxofibrosarcoma in a 49-year-old 
man. (a) Axial turbo spin-echo T2-weighted MR image. 
(b) Axial fat-saturated T1-weighted MR image. (c) 
Axial fat-saturated T1-weighted MR image after gado-
linium contrast injection. (d) Axial subtraction of the 
pre- and post-contrast T1 MR images. (e) Coronal fat-
saturated T2-weighted MR image. (f) Sagittal fat-satu-
rated T1-weighted MR image after gadolinium contrast 

injection: Large oval-shaped lesion in the hamstrings 
compartment showing very high T2 signal intensities 
(a), T1 signal intensities lower than the muscle (b), and 
large areas of nonenhancement centrally (c, d), suggest-
ing a large myxoid component. The lesion is ill-defined 
with some perifascial extensions (e, f) (Courtesy of 
F. M. Vanhoenacker, Belgium)
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a b

Fig. 13.46 (a, b) Myxofibrosarcoma in a 48-year-old 
woman. (a) Axial short-tau inversion recovery image 
demonstrates an intermediate-to-high signal mass in the 
subcutaneous tissues of the dorsal forearm. Prominent 
curvilinear extensions of high signal are present on both 
sides of the mass extending along the superficial fascial 

planes (arrow). (b) Axial T1-weighted post-gadolinium 
image with fat suppression at the same location demon-
strates marked enhancement of tails, as well as of the 
mass, consistent with linear extension of tumor rather than 
edema (Reprinted with permission from Lefkowitz et al., 
Skeletal Radiol 2013, 42:809–818)

a b

Fig. 13.47 (a, b) Myxofibrosarcoma of the right fore-
arm in a 67-year-old man with high-grade myxofibro-
sarcoma. (a) Axial T2-weighted image with fat 
suppression demonstrates curvilinear extensions of 
high signal infiltrating along the deep muscular fascia 
between individual muscles (arrows). A discrete mass 
(not shown; average recorded size, 2.9 cm) was associ-
ated with these tails. (b) Axial T1-weighted post-con-
trast image with fat suppression demonstrates that 
these tails enhance avidly. Tumor also encases the 
median nerve (arrow). This appearance is characteristic 
of deep-seated myxofibrosarcoma, which can spread 
along multiple fascial planes. Being familiar with the 

infiltrative nature of myxofibrosarcoma, the radiologist 
who initially interpreted this scan reported that the 
tumor had spread along multiple fascial planes in the 
forearm. Based partially on the radiologist’s recom-
mendation, the surgeon subsequently performed an 
amputation despite the absence of an apparent “mass.” 
Histopathological examination confirmed the presence 
of myxofibrosarcoma throughout the fascial planes of 
the forearm, with encasement of neurovascular struc-
tures. Amputation resulted in negative surgical mar-
gins; the patient has remained disease-free for 18 
months (Reprinted with permission from Lefkowitz 
et al., Skeletal Radiol 2013, 42:809–818)
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aggressive behavior characterized by high rates 
of local recurrence and metastasis [42]. It is a 
slow- growing, rare neoplasm that preferentially 
affects young and middle-aged adults (median 
age of 45 years) (Fig. 13.48). Most lesions arise 

from the deep soft tissues at the lower limb or 
thoracic wall and less frequently in the groin, but-
tock, axilla, and retroperitoneum [34]. The 
majority of cases occur in a subfascial location. 
They are often large at the time of diagnosis.

a

b

c

d e f

Fig. 13.48 Two cases of fibromyxoid sarcoma (a–f). (a) 
Axial spin-echo T1-weighted MR image. (b) Axial spin- 
echo T2-weighted MR image. (c) Sagittal spin-echo 
T1-weighted MR image after gadolinium contrast injec-
tion with fat suppression. (d) Axial spin-echo T1-weighted 
MR image. (e) Axial spin-echo T1-weighted MR image 
after gadolinium contrast injection. (f) Axial spin-echo 

T2-weighted MR image. Both have similar MRI features. 
Both lesions are of very low SI on T1-weighted MR image 
(a, d) and of very high SI on T2-weighted MR image (b, 
c) and show only minimal capsular enhancement after 
contrast administration (c, f). MR findings reflect the high 
content of myxoid tissue of both tumors
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Histopathologically, the lesion is character-
ized by intermingled fibrous and myxoid areas, a 
whorled growth pattern, and bland fibroblastic 
spindle cells. Cellularity is low and mitotic fig-
ures are uncommon. The current 2013 WHO 
classification considers MUC4 a highly sensitive 
and specific immunohistochemical marker for 
low-grade fibromyxoid sarcoma, and the pres-
ence of translocation t(7;16) leading to the for-
mation of FUS/CREB3L2 fusion gene is also a 
specific marker.

On ultrasound, low-grade fibromyxoid sar-
coma may present as a heterogeneous ovoid 
mass containing nodules with target appear-
ance. On CT, this sarcoma tends to be 
hypodense to muscle with focal isodensity. On 
MR imaging, low-grade fibromyxoid sarcoma 
may present as a mass with gyriform appear-
ance (Figs. 13.49 and 13.50), displaying mul-

tiple folds of hypo- to isointense signal on 
T2-weighted images that enhance after intrave-
nous contrast (probably related to highly cel-
lular fibrous tissue). The areas of fluid-like 
hyperintensity between the folds in the gyri-
form pattern lack contrast enhancement prob-
ably representing myxoid material. The 
gyriform pattern is rather specific for this 
tumor [62].

In contrast to low-grade myxofibrosarcoma, 
low-grade fibromyxoid sarcoma has an aggres-
sive clinical course characterized by a multiplic-
ity of local recurrences and with the potential for 
metastasis to the lungs and occasionally to the 
bone. Surgical excision with wide margins is the 
treatment of choice. Slow tumor growth and long 
latency periods between diagnosis and recur-
rence underline the importance of a long-term 
clinical follow-up and imaging surveillance.

13.6.4  Sclerosing Epithelioid 
Fibrosarcoma

Sclerosing epithelioid fibrosarcoma is a deep- 
seated tumor of the limbs or limb girdles and 
occurs primarily in middle-aged and elderly 
patients without sex predilection. This malignant 
fibroblastic neoplasm is characterized by epithe-
lioid fibroblasts arranged in distinct cords and 
nests in a densely sclerotic, hyalinized stroma. 
Calcifications may be present [100]. A subset 
seems to be related to low-grade fibromyxoid 
sarcoma.

Patients present with a mass of variable dura-
tion, and one-third have a history of recent 
enlargement and pain.

On imaging, a well-circumscribed, lobular or 
multinodular mass involving deep musculature 
with frequent periosteal attachment or bone ero-
sion is seen. Reports on MR imaging are sparse. 
A large core with very low signal on T1 and T2 
(probably representing the sclerotic, hyalinized 
stroma) may be seen, surrounded by intermediate 
signal in the periphery of the tumor [14, 122] 
(Figs. 13.51 and 13.52).

Fig. 13.49 Low-grade fibromyxoid sarcoma in the left 
maxillary sinus of a 48-year-old man. Coronal STIR 
image of maxillary sinus shows a gyriform pattern that 
consists of multiple folds of low signal intensity (arrows) 
in the tumor that mimic brain gyri (arrowheads) 
(Reprinted with permission from Hwang et al. [62])
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c

Fig. 13.50 (a–c) Low-grade fibromyxoid sarcoma in the 
thigh of a 59-year-old man. (a) Coronal T2-weighted fat- 
saturated image shows gyriform pattern (arrows) of het-
erogeneous T2 signal intensity. The gyriform pattern 
consists of hypo-, iso-, and hyperintense signal and prob-
ably reflects alternating areas of densely fibrotic (circle) 
and fibromyxoid (square) stroma of tumor. The fluid-like 

high-signal area (asterisk) probably represents predomi-
nantly myxoid area in the tumor. (b) Coronal and c axial 
T1-weighted fat-saturated post-contrast images show 
gyriform contrast enhancement (arrows). The myxoid 
component (asterisk) lacks contrast enhancement 
(Reprinted with permission from Hwang et al. [62])
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a b c

Fig. 13.51 (a–c) Sclerosing epithelioid fibrosarcoma in 
the forearm of a 32-year-old woman. (a) Anteroposterior 
and (b) lateral radiographs show a punched-out osteolytic 
lesion surrounded by a sclerotic rim at the middiaphysis 

of the right ulna. (c) An MRI scan of the right forearm 
shows a 5 × 1.5-cm intramuscular tumor with a large 
hypointense core
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Fig. 13.52 (a–c) Sclerosing epithelioid fibrosarcoma in 
the anterior soft tissues of the right shoulder (a) Axial 
T2-weighted MR image with fat saturation (b) Axial 
T1-weighted MR image (c) Axial post-contrast 
T1-weighted MR image. A large multilobulated mass is 

located in the pectoralis, biceps, and brachialis muscle 
bellies and abutting the humeral diaphysis. Fairly homo-
geneous lesion with intermediate signal on T2- and low 
signal on T1-weighted MR images. Thick, irregular band 
of enhancement is seen in the periphery of the lesion
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14.1  Benign So-Called 
Fibrohistiocytic Tumours

14.1.1  Tenosynovial Giant Cell 
Tumour

Tenosynovial giant cell tumour (TSGCT) was 
first described in 1852 by Chassaignac as a 
synovial membrane proliferation involving the 
flexor tendons of the finger [18]. It was later 
redefined as a family of benign proliferative 
and inflammatory lesions arising from the 

 anatomical unit consisting of the synovium of 
joint,  bursae and tendon sheaths [52]. Jaffe et al. 
[52] described the pathology of TSGCT as pig-
mented villonodular synovitis (PVNS), bursitis 
and tenosynovitis. The predominant clinical dif-
ferences are determined by the anatomical loca-
tion. TSGCT can be subclassified as a localised 
or diffuse type denoted by the prefix ‘L’ and ‘D’, 
respectively. Localised forms include giant cell 
tumour of the tendon sheath (GCTTS) and local-
ised nodular synovitis (LNS). Diffuse forms 
encompass conventional PVNS and diffuse giant 
cell tumours (D-GCT), the extra-articular coun-
terpart of PVNS [21]. Intra-articular lesions 
have a propensity to extend along the joint sur-
face following the path of least resistance. In 
comparison, lesions of the tendon sheath tend to 
be nodular and grow outwards. A diffuse syno-
vial giant cell tumour can arise in a bursa and is 
known as pigmented villonodular bursitis 
(Fig. 14.1a–c).

The aetiology for TSGCT remains controver-
sial, and several theories have been postulated 
including a neoplastic process [95], an inflamma-
tory or reactive process, a sequela of trauma and 
a localised abnormal lipid metabolism [52, 85, 
91, 119, 125]. The general consensus is that the 
disease is either a locally aggressive neoplasm or 
a reactive synovitis [10]. Chromosomal abnor-
malities [105], autologous proliferation, high rate 
of local recurrence [113] and extremely rare 
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cases of metastases favour a neoplastic origin  
[3, 6, 90, 113, 117]. It has been suggested that the 
localised form should be considered benign with 
the diffuse form as aggressive and managed as 
per malignant lesions. Treatment options for 
D-TSGCT, therefore, include the use of chemo-
therapy, radiotherapy and extensive resection, or 
even limb amputation in some rare circumstances 
[6, 92]. The new WHO classification groups 
GCTTS with LNS and D-GCT with PVNS and 
describes them as one entity as either localised or 
diffuse-type TSGCT, respectively. As the clinical 
and imaging presentations vary, we have 
described these entities separately.

14.1.1.1  Localised Tenosynovial 
Giant Cell Tumour

Localised TSGCT includes extra-articular GCTTS 
(nodular tenosynovitis) and intra-articular LNS 
(synovial giant cell tumour):

• Epidemiology:
GCTTS:
GCTTS commonly occurs between 30 and 50 

years of age and is rarely seen in those <10 
or >60 years of age. Mild female predomi-
nance is noted with a 2:1 female-to-male 
ratio [116]. GCTTS may arise in any syno-

vial sheath. Less commonly, they can arise 
from synovial lining of a joint or bursa [7]. 
It has a predilection for the synovium of the 
tendon sheaths of the hands, particularly 
the volar surfaces of the fingers. It is the 
second commonest soft tissue mass of the 
hand after ganglion cysts. Lesions typically 
occur near the interphalangeal joints and 
have been noted to occur more commonly 
in the first three fingers of the right hand 
[71, 79]. Less common sites include the 
ankle/foot, knee, elbow and hip.

LNS:
This reflects a rare entity and, although it 

shares histological features with PVNS, 
occurs less frequently. It is, however, 
important to make a distinction between 
the two entities as their clinical presenta-
tion and treatment differ [71]. LNS repre-
sents localised synovial proliferation and is 
more common in the fifth and sixth decade 
with no sex predominance [128]. It is dis-
tinguished from its diffuse counterpart by 
being localised to a single compartment 
within the joint and is almost exclusively 
seen in the knee [82]. The most common 
site within the knee is the infrapatellar 
(Hoffa) fat pad [71] (Fig. 14.2) and less 

a b c

Fig. 14.1 (a–c) Pigmented villonodular bursitis within 
the pes anserine bursa. (a) Coronal T1-weighted MR 
image. (b) Coronal T2-weighted MR image. (c) Coronal 
gradient echo MR image of the left knee. A multilobu-
lated solitary soft tissue mass is demonstrated which is of 

intermediate to slightly higher SI relative to skeletal mus-
cle on T1-weighted images (a). It is predominantly of low 
SI on T2-weighted images with effusion within the bursa 
(b). The low SI is due to its haemosiderin content, which 
is more conspicuous on gradient echo sequences (c)
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a

c d

b

Fig. 14.2 (a–d) Localised form of pigmented villonodu-
lar synovitis (PVNS) of the knee within Hoffa’s fat pad, 
which is the most common location for localised nodular 
synovitis (LNS). (a) Radiograph of the knee. (b) Axial 
PDFS MR image. (c) Sagittal T1-weighted MR image. (d) 
Sagittal gradient echo MR image. Radiograph demon-
strates a dense soft tissue nodule (arrow) outlined by the 

fat within Hoffa’s fat pad (a). LNS is of relatively high SI 
on fluid-sensitive sequences with variable internal regions 
of low SI, due to its haemosiderin content (b). It is of 
intermediate to slightly high SI relative to skeletal muscle 
on T1-weighted images (c). Haemosiderin is more conspic-
uous on gradient echo sequences (d). Joint effusion is 
atypical, unlike its diffuse counterpart, PVNS
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 frequently in the suprapatellar recess 
(Fig. 14.3), intercondylar notch and adja-
cent to the cruciate ligaments (poste-
rior > anterior) [48, 129]. Other reported 
sites include the wrist (Fig. 14.4) and ankle 
(Fig. 14.5).

• Clinical behaviour and gross findings:
GCTTS:
This often presents as a slow-growing pain-

less mass. It starts as a nodular synovial 
lesion projecting into the tendon sheath. 
Exophytic growth within a restricted ana-
tomical space and pressure effect from the 
adjacent tendon give rise to its multinodu-
lar appearance [71]. Lesions are typically 
well-circumscribed, firm and rubbery 
masses surrounded by a fibrous capsule. 
Grossly, they are often pink-grey lesions 
with areas of yellow or brown. Lesions are 
firmly attached to the deep structures and 
rarely involve the skin. GCTTS infre-
quently erodes or infiltrates the subjacent 
bone [115]. Lesions in the hand are usu-

ally small (<4 cm) and can become larger 
in other sites. Treatment is surgical exci-
sion, but complete excision can be diffi-
cult depending on its extent with reported 
recurrence rates between 4 and 45 % [54, 
64]. Statistically significant risk factors 
for recurrence include the presence of 
adjacent degenerative joint disease, loca-
tion at the distal interphalangeal joint of 
the finger or interphalangeal joint of the 
thumb and the radiographic presence of an 
osseous pressure erosion [98].

LNS:
This entity presents with pain, swelling and 

typically with locking symptoms, when 
present in the knee [39, 130]. It is slow 
growing and not infiltrative. There is no 
haemorrhagic effusion (Fig. 14.2), unlike 
PVNS. LNS is typically adherent to the 
synovium or may have a pedicle extending 
to it. Cases of torsion [47, 48] or detach-
ment [60] have been reported. LNS is a yel-
low to brown well-defined mass, without 
diffuse frond-like projections and less hae-
mosiderin deposition as seen in PVNS [48]. 
Curative treatment is achieved with surgi-
cal excision [48], and, in contrast to PVNS, 
synovectomy and radiotherapy are not nec-
essary as recurrence is rare [92, 129].

• Pathology:
GCTTS:
The microscopic appearance of GCTTS is 

dependent on the proportion of mononu-
clear cells, multinucleate giant cells, 
foamy/lipid-laden macrophages, sidero-
phages and dense hyaline stroma. 
Osteoclast-like giant cells with variable 
number of nuclei can also be seen [69]. 
Haemosiderin deposits are virtually always 
present [21]. Variable mitotic activity can 
be demonstrated. Although mitotic figures 
can occasionally be detected, they are a 
focal finding and do not indicate malig-
nancy. The histological diagnosis of 
GCTTS is rarely difficult; however, it can 
have similarities with other soft tissue 
tumours, such as fibroma of the tendon 
sheath, synovial sarcoma and rhabdomyo-
sarcoma [116].

Fig. 14.3 Localised nodular synovitis within the supra-
patellar fat pad. Sagittal PDFS MR image demonstrates a 
predominantly hyperintense mass with intralesional local 
signal foci, which represent haemosiderin deposits
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LNS:
LNS shares histopathological similarities to 

GCTTS/PVNS [28]. Distinguishing fea-
tures include the absence of villous fronds 
and haemorrhage with fewer deposits of 
haemosiderin, compared to PVNS [48].

• Genetics:
The most frequent structural change identified 
in 30–60 % of TSGCTs is the t(1;2) transloca-
tion, which fuses the CSF1 gene on chromo-
some 1, which encodes for colony-stimulating 
factor 1, to the collagen 6A3 (COL6A3) gene 
on chromosome 2 [21, 125]. This results in 
high levels of CSF1 expression, which attracts 
macrophages leading to the formation of a 
tumour-like mass [69, 101]. Furthermore, 
studies have shown fusion between CSF1 and 
a yet unidentified gene distinct from COL6A3 
[20, 78]. Other authors found trisomies 7 and 
5 and a clonal rearrangement of chromosomes 

1, 3 and 15 [105]. The CSF1 receptor is a tyro-
sine kinase receptor, thus is a potential target 
for biological therapy. Imatinib, which is used 
in the treatment of renal carcinoma, chronic 
myeloid leukaemia and gastrointestinal stro-
mal tumours [106], has shown to demonstrate 
tumour regression in patients with advanced 
D-GCT [15].

• Imaging findings:
GCTTS:
Radiographs are often normal but may demon-

strate a well-defined dense soft tissue swell-
ing, thought to be due to its high haemosiderin 
content (Fig. 14.6a). Approximately, 20 % of 
cases demonstrate bone erosion. Periosteal 
reaction, intralesional calcification or cystic 
degeneration is rarely seen [5, 61].

Ultrasound (US) provides precise informa-
tion regarding the relationship of the 
tumour with its underlying tendon. 

a

c d

b

Fig. 14.4 (a–d) Localised nodular synovitis of the wrist in 
two patients (a–d). (a) Axial T1-weighted MR image. (b) 
Axial T2-weighted MR image. (c) Axial T1FS pre- 
gadolinium. (d) Axial T1FS post-gadolinium. A well- 
defined soft tissue mass that is of isointense SI to skeletal 

muscle on T1 demonstrates erosion of the dorsal surface of 
the capitate (arrow) (a). The soft tissue mass is of hypoin-
tense SI on T2 weighted, and demonstrates pressure erosion 
of the capitate and trapezium (b). There is homogeneous 
enhancement reflecting its vascularity (c, d)
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Fig. 14.5 (a–e) Localised nodular synovitis (LNS) of the 
ankle. (a) Radiograph. (b) Longitudinal ultrasound. (c) 
Longitudinal power Doppler ultrasound. (d) Sagittal 
T1-weighted MR image. (e) Sagittal STIR MR image. A 
dense well-defined soft tissue mass (arrow) is seen in the 
anterior recess of the tibiotalar joint (a). LNS on ultra-
sound is seen as a heterogeneous solid intra-articular 

mass, discrete from the overlying tendon (b), with 
increased vascularity (c). The mass is of isointense SI 
relative to skeletal muscle on T1-weighted images with 
low-signal foci representing its haemosiderin content (d). 
On fluid-sensitive sequences, the mass is hypointense 
peripherally with intralesional areas of high SI due to the 
presence of fat, oedema or inflammation (e)

 

a

b
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d e

Fig. 14.5 (continued)

a

c

b

Fig. 14.6 (a–c) Giant cell tumour of the tendon sheath 
(GCTTS) of the finger. (a) Radiograph of the little finger 
demonstrates dense soft tissue swelling (arrow) just prox-
imal to the PIPJ. (b) Longitudinal ultrasound of a GCTTS 
of the little finger demonstrates a multilobulated heteroge-

neous solid mass related to the flexor tendon. (c) Sagittal 
T2-weighted MR image shows the typical appearance of a 
GCTTS, which is seen as a well-circumscribed mass 
eccentric to or enveloping the tendon
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Tumours do not move during flexion/
extension as the tumour arises from the 
tendon sheath and not the tendon itself 
[77]. Lesions are solid and typically lobu-
lated and hypoechoic (Fig. 14.6b); how-
ever, hyperechoic and heterogeneous 
sonographic appearances have been 

described [77, 120, 122]. GCTTS is typi-
cally hypervascular (Fig. 14.7a), and pos-
terior acoustic shadowing can be seen in 
approximately 33 % of cases [77]. Bone 
erosions can be detected in approximately 
16 % of cases [122]. The main differential 
for GCTTS in the hand is a ganglion cyst, 

a

c d

b

Fig. 14.7 (a–d) Giant cell tumour of the tendon sheath 
(GCTTS) of the toe. (a) Longitudinal power Doppler 
ultrasound of a GCTTS of the first toe. GCTTS are hyper-
vascular lesions. (b) Long-axis T1FS pre-gadolinium and 
(c) long-axis T1FS post-gadolinium. There is homoge-
neous enhancement of the GCTTS reflecting its vascular-

ity (arrow). (d) Sagittal T1-weighted MR images 
demonstrates an isointense SI mass relative to skeletal 
muscle encasing the flexor tendon (white arrow). The 
mass has a capsule that is typically of low signal (black 
arrow) secondary to fibrosis or haemosiderin deposits 
(Colour figure online)
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which can be readily distinguished by its 
cystic structure [14]. However, ruptured 
ganglion cysts can appear solid and mimic 
a GCTTS [77].

Computer tomography (CT) identifies a 
dense soft tissue mass related to the ten-
don and is useful to detect underlying 
bone erosions or cysts. Contrast enhance-
ment is typically present due to their 
hypervascular nature [70].

Magnetic resonance imaging (MRI) of GCTTS 
typically shows a well-circumscribed mass 
eccentric to or enveloping a tendon 
(Fig. 14.6c). The capsule is typically of low 
signal secondary to fibrosis or haemosid-
erin deposits (Fig. 14.7d) [55]. Tendon 
sheath effusion is an uncommon finding. 
The signal characteristics of GCTTS reflect 
its histological composition, namely, the 
presence of haemosiderin- laden tissue. The 
paramagnetic effect of haemosiderin short-
ens T1 and T2 relaxation times, resulting in 
low signal intensity (SI) on T1- and 
T2-weighted spin echo sequences 
(Fig. 14.7d) [22]. ‘Blooming artefact’ is 
seen on gradient echo (susceptibility) 
sequences [10]. Collagenous proliferation 
also contributes to the characteristically 
low SI [22, 55, 61]. Intralesional fat signal 
may be present due to the presence of 
foamy macrophages. As GCTTS is a vascu-
lar lesion, enhancement is seen post-con-
trast administration (Fig. 14.7c) [22]. MRI 
is useful in the detection of osseous 
 erosions, though less sensitive than CT. 
There have been cases that have demon-
strated restricted diffusion on diffusion- 
weighted imaging [83].

Although not generally used as initial stag-
ing investigations, bone scintigraphy has 
been used to localise primary and recur-
rent GCTTS [62]. It is thought that the 
hypervascularity and hypercellularity in 
close proximity to a joint are responsible 
for increased radionuclide uptake [82] of 
99mTc-MDP [62], 99mTc- DMSA [11, 62], 
67Ga, 201Tl [73] and 18F-fluorodeoxyglucose 
positron emission tomography-computed 

tomography (18 F- FDG PET-CT) [26]. 
Furthermore, 18 F-FDG PET-CT has been 
shown to detect recurrent disease [110]. 
Given its tendency to occur in the extrem-
ities, GCTTS should be considered in the 
differential diagnosis of a lesion with 
201Tl activity in the hands and feet [73].

LNS:
Generally, no radiographic abnormality is 

demonstrated on radiographs. Within the 
fat pad, LNS may be outlined by fat demon-
strating a dense soft tissue nodule 
(Figs. 14.2a and 14.5a). The increased den-
sity seen is related to the iron content. 
Lesions do not demonstrate calcification, 
and its presence is suggestive of an alterna-
tive diagnosis [70].

US demonstrates a focal heterogeneous echo-
genic soft tissue mass with increased 
Doppler signal (Fig. 14.5d–e). In contrast 
to PVNS, no significant joint effusion is 
seen.

CT findings are similar to radiographs, dem-
onstrating an intra-articular rounded dense 
soft tissue mass.

MRI is useful for pre-surgical planning. LNS 
can present as a well-defined, small ovoid 
lesion (Fig. 14.2) or as a large multilobu-
lated solitary intra-articular soft tissue mass. 
LNS is of intermediate to slightly higher SI 
relative to skeletal muscle on T1-weighted 
images. It is relatively of high SI on fluid-
sensitive sequences with variable circular 
internal regions of low SI, due to its haemo-
siderin content. This is more conspicuous on 
gradient echo sequences (Fig. 14.2a–d). 
Linear or cleft-like high signal internal 
regions may be present thought to reflect  
tissue necrosis [48]. Joint effusion is atypi-
cal, and there is moderate to marked inho-
mogeneous enhancement post-contrast 
(Fig. 14.4c–d). This is thought secondary to 
the proliferative capillaries in the collage-
nous stroma [22]. Osseous erosion may be 
seen if LNS occurs within confined spaces, 
such as the wrist (Fig. 14.4a–b).

Scintigraphy is rarely performed; however, as 
GCTTS, increased activity is often seen [74].
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• Differential diagnosis:
GCTTS:
GCTTS closely resembles a fibroma of the 

tendon sheath (FTS) on MRI. GCTTS is 
more common by 2.7:1 [35]. Furthermore, 
FTS is extremely uncommon in the lower 
extremities; thus, a lower extremity lesion 
is more likely to be a GCTTS rather than a 
FTS [35]. Tophaceous gout can mimic 
GCTTS if localised to the tendon sheath. 
Generally, soft tissue tumours and 
tumour-like lesions affecting the extremi-
ties, such as ganglion cysts, nerve sheath 
tumours, foreign body granulomas and 
synovial sarcomas, display high SI on 
T2-weighted images. This is in contrast 
to the low/intermediate SI seen in GCTTS. 
However, extra-abdominal desmoid 
tumours [23] and sarcomas, such as 
malignant fibrous histiocytoma (now 
termed undifferentiated pleomorphic sar-
coma), may display intermediate SI on T2 
weighting due to high collagen content. 
The relevant clinical context can help 
identify haemosiderin deposition from 
haemophilic arthropathy, mineralised 
lesions and foreign bodies, which may be 
seen as a low-signal mass on both T1- and 
T2-weighted MR images.

LNS:
Statistically, PVNS is more common than 

LNS [39], but is more diffuse and demon-
strates greater ‘blooming artefact’ due to 
greater haemosiderin deposits. The dif-
ferential diagnoses of a mass in the 
infrapatellar fat pad are myriad. Hoffa’s 
impingement is an entity characterised by 
ill-defined inflammation, oedema and 
fibrosis of the superolateral infrapatellar 
fat. Intra-articular chondroma of the 
infrapatellar fat pad has a SI pattern con-
sistent with either cartilage matrix or 
bone marrow and lacks the deposition of 
haemosiderin. Other lesions, such as a 
tophus from gout, do not typically have 
the same imaging characteristics as LNS 
and maybe associated with erosions.

14.1.1.2  Diffuse-Type Tenosynovial 
Giant Cell Tumour

D-TSGCT encompasses D-GCT and its intra- 
articular analogue PVNS. D-GCT/PVNS is 
defined as a benign, locally aggressive, prolifera-
tive neoplasm.

• Epidemiology:
D-GCT:
A rare extra-articular fibrohistiocytic tumour 

presents as a periarticular soft tissue mass 
but can be intramuscular or subcutaneous 
[33]. It affects slightly younger adults than 
GCTTS, typically <40 years with a slight 
female  predominance [82]. D-GCT has a 
similar location distribution and symptoms 
as PVNS.

PVNS:
A rare intra-articular fibrohistiocytic tumour 

with an incidence of two patients per mil-
lion. Age and sex distribution is the same 
as D- GCT. PVNS occurs in large joints and 
is typically monoarticular. Approximately 
80 % occur in the knee, followed by the 
hip, ankle, shoulder and elbow [71]. Rare 
cases of involvement of the temporoman-
dibular joint [49] and the spine [118, 121] 
have been reported. Malignant variants, 
malignant transformation, and metastases 
have been rarely reported [3, 6, 19].

• Clinical behaviour and gross findings:
D-GCT and PVNS have similar clinical histo-

pathological characteristics. Presentation 
includes insidious onset of pain and joint 
swelling which leads to limited range of 
motion of the affected joint. As PVNS 
becomes more advanced, the synovial mass 
constricts the joint, whereas LNS tends to 
grow outwards, becoming pedunculated. 
Erosions and subchondral cysts of the adja-
cent bone are common. The abnormal 
synovium is prone to haemorrhage and a 
large joint effusion is often present. The 
effusion is often recurrent, haemorrhagic 
and out of proportion to the degree of mild 
discomfort. D-GCT is a firm multinodular 
mass of variegated colour with alterations of 
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white, yellowish and brown areas. D-GCT 
contains numerous capillary fronds and 
nodular areas. PVNS is a firm red-brown or 
tan mass with a prominent villonodular 
growth pattern [81]. Despite being a benign 
entity, treatment with total synovectomy is 
recommended, although malignant transfor-
mation and metastasis have been reported 
[6]. External beam radiotherapy can be used 
as a primary treatment for unresectable 
cases or as adjuvant therapy for incom-
pletely excised tumours. Intra-articular 
injection of yttrium-90 (90Y)-labelled col-
loid (radiosynovectomy) has been used as a 
local adjuvant after synovectomy [118]. As 
D-GCT/PVNS is locally aggressive, a high 
rate of recurrence has been reported. 
Recurrence can occur in 33–50 % of cases, 
often with multiple recurrences [89, 112].

• Pathology:
Microscopically, D-GCT/PVNS demonstrates 

histological similarities to the GCTTS. 
Synovial- like mononuclear cells with foam 
cells, multinucleated giant cells, inflamma-
tory cells and siderophages are present. 
However, fewer giant cells are seen than in 
GCTTS. Osteogenic giant cells are com-
mon in GCTTS, but absent or rare in  
D-GCT. Larger mononuclear cells may 
have a peripheral haemosiderin rim in the 
cytoplasm. Cleft-like spaces and blood-
filled spaces devoid of giant cells are seen 
in approximately 10 % of cases of  
D- GCT. PVNS differs in that it is unencap-
sulated and has pronounced villonodular 
architecture with elongated synovial-lined 
spaces. The occasional predominance of 
the large histiocyte- like cells can make the 
diagnosis of D-GCT challenging and can 
be mistaken for a sarcoma. Mitotic rates up 
to >20 mitoses per 10 high-power fields 
(HPF) can be seen.

• Genetics:
See section ‘genetics’ in Sect. 14.1.1.1.

• Imaging findings:
Radiographs are often not diagnostic. With 

advanced disease, there may be evidence 

of soft tissue swelling, loss of joint space 
and periarticular erosion of the bone. The 
periarticular erosions are usually present 
on both sides of the joint and are more 
notable in joints with a tight capsule, such 
as the hips (90 % of cases) and shoulder 
(70 % of cases). The erosions tend to be 
circumferential and produce a classical 
‘apple core’, but this can be seen with 
other synovial-based pathologies (e.g. 
synovial osteochondromatosis). Erosions 
are less common in capacious joints such 
as the knee (25 % of the cases) [10, 71]. 
These erosive changes show well-defined 
sclerotic borders and are most likely due to 
a pressure phenomenon (Fig. 14.8). 
Interestingly, recent studies suggest the 
release of a proteolytic enzymes leading to 
the erosions [87]. The joint space and car-
tilage are preserved until late in the dis-
ease. This and the lack of new bone 
formation help distinguish PVNS from 
osteoarthritis. Erosions are typically mul-
tiple; however, solitary lesions may mimic 
a primary osteolytic bone tumour [57]. 
The absence of periarticular osteopenia 

Fig. 14.8 PVNS of the right hip. Radiograph of the right 
hip, demonstrating well-defined osseous erosions with 
sclerotic borders (arrow). Erosions seen on both sides of a 
joint are typical of PVNS
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helps distinguish D-GCT from an inflam-
matory synovitis. With PVNS, a dense 
juxta-articular mass with joint effusion 
may be seen (Figs. 14.9 and 14.10a). 
Calcifications are rare in PVNS, and 
their presence is suggestive of an alterna-
tive diagnosis, such as synovial 
osteochondromatosis.

On US, D-GCT is a solid periarticular 
hypoechoic mass with well-defined mar-
gins. There is an absence of posterior acous-
tic enhancement and evidence of internal 
echoes and increased Doppler signal. 
Features of an intra-articular proliferative 
synovitis are seen with PVNS. Typically, 
there is a large joint effusion with a thick-
ened synovium and a vascular heteroge-
neous mass (Fig. 14.10b). Occasionally, 
bone erosion may be detected.

On CT, D-GCT is a non-specific periarticular 
mass and PVNS is seen as a high-density 
intra- articular mass. High-attenuation tis-
sue within the joint can also be caused by 
haemophilia, chronic bleeding due to 
another cause or calcification. Like 
GCTTS, D-GCT/PVNS is hypervascular 
and demonstrates enhancement post-con-
trast. CT is particularly useful in the 
assessment of cyst formation and bone 
erosions [10]. An associated intraosseous 
soft tissue mass, which extends with a 
narrow pedicle to the synovium, can be 
demonstrated [56].

MRI of D-GCT/PVNS reflects its histopatho-
logical composition. Though not specific, 
it is characteristically of low SI on T1- 
and T2-weighted sequences due to the 
presence of haemosiderin (Fig. 14.10c) 
[82], which is more conspicuous on gradi-
ent echo sequences due to the ‘blooming 
artefact’ (Fig. 14.10d). Foci of high T1 SI 
may be present due to lipid- laden macro-
phages, and fluid-sensitive sequences can 
vary in signal depending on the amount of 
blood, fibrous tissue and oedema. Marked 
enhancement of the synovitis component 
is seen post-intravenous gadolinium 
(Fig. 14.11). Capsular defects can result in 
juxta-articular ligament spread. MRI is the 
optimal modality for preoperative assess-
ment to determine tumour size, extent and 
relationship with adjacent joints 
(Fig. 14.12). D-GCT is seen as a periar-
ticular mass with the above- described 
MRI characteristics (Fig. 14.13).

Nuclear medicine studies are the same as 
those for GCTTS [26, 110].

• Differential diagnosis:
The common differentials include other 

pathologies that cause haemorrhagic syno-
vitis such as haemophilia, synovial hae-
mangioma, rheumatoid nodule/pannus, 
gout and amyloid. These pathologies will 
vary in the amount of effusion, location and 
pattern of arthropathy helping to differenti-
ate it from D-GCT/PVNS.

Fig. 14.9 Radiograph of the ankle demonstrating 
increased juxta-articular soft tissue density (arrow) seen 
with PVNS
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Fig. 14.10 (a–d) Pigmented villonodular synovitis 
(PVNS) of the knee. (a) Radiograph. (b) Transverse 
Doppler ultrasound. (c). Sagittal T1-weighted MR image. 
(d) Sagittal gradient echo MR image. The radiograph (a) 
demonstrates an increased density within the suprapatel-
lar pouch with evidence of erosive changes of the poste-
rior femoral condyles (arrows). Increased vascularity is 

typically seen with PVNS (b). In (c), a large joint effusion 
(star) can be seen, with multiple low T1 SI masses, pre-
dominantly in the posterior joint recess (arrows). The low 
SI is secondary to the haemosiderin content, which dem-
onstrates susceptibility artefact on gradient echo images 
(d). Erosion and cyst formation of the tibial plateau are 
noted in (d) (white arrow) (Colour figure online)
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14.1.1.3  Malignant-Type 
Tenosynovial Giant Cell 
Tumour

Malignant TSGCT is extremely rare with less 
than 50 cases reported in the English literature 
[100]. This entity is defined by the presence of 
frank malignant cells coexisting with benign 
TSGCT or a malignant recurrence of a previously 
treated TSGCT [21].

• Clinical behaviour and gross findings:
Differentiating between benign TSGCT and 

its malignant variant can be very difficult 
as there are overlapping clinicoradiological 
features. Most malignant TSGCTs are 
radiation- induced sarcomas, which often 
occur years after radiotherapy for uncon-
trolled PVNS. Malignant TSGCT is an 
aggressive sarcoma with high risk of 
metastases (Fig. 14.14c) and mortality [6, 

69]. It occurs most commonly in the lower 
extremity.

• Pathology:
Microscopic features of TSGCT are seen. 

Criteria for diagnosing malignant TSGCT 
were developed by the Armed Forces Institute 
of Pathology (AFIP) requiring five of the 
eight characteristics. These include an infil-
trative growth pattern, diffuse pleomorphism, 
prominent nucleoli, mitotic ratio greater than 
10 per 10 HPF, high cytoplasmic-to-nuclear 
ratio, necrosis, discohesion of tumour cells 
and a paucity of giant cells [100].

• Genetics:
See section ‘genetics’ in Sect. 14.1.1.1.

• Imaging findings:
See section ‘imaging findings’ in 

Sect. 14.1.1.2. Differentiating malignant 
from benign TSGCT is based on histologi-
cal diagnosis (Fig. 14.14).

a b

Fig. 14.11 (a–b) Pigmented villonodular synovitis (PVNS) of the ankle. (a) Axial pre-contrast T1FS MR image. (b) 
Axial post-contrast T1FS MR image. Marked contrast enhancement of PVNS post-gadolinium is seen
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14.1.2  Deep Benign Fibrous 
Histiocytoma

A benign fibrous histiocytic tumour is of unknown 
aetiology and is located in the skin or deeper soft 
tissues. Synonyms include fibroxanthoma, dermal 
fibrous histiocytoma, sclerosing haemangioma, 
nodular subepidermal fibrosis and histiocytoma 
cutis. Cutaneous lesions are referred to as ‘benign 
fibrous histiocytoma (BFH)’ or ‘dermatofibroma’, 

and lesions in the subcutaneous and deep tissues 
are considered as ‘deep benign fibrous histiocy-
toma’. A variety of subtypes have been described 
determined by its predominant histological com-
position. Rare cases of metastases have been 
described with certain subtypes [17, 29].

• Clinical behaviour and gross findings:
Cutaneous BFH is a common skin mesenchy-

mal tumour [93, 114]; in contrast, deep 

a b

c

Fig. 14.12 (a–c) Three examples of the ‘blooming arte-
fact’ seen with pigmented villonodular synovitis. (a) 
Coronal gradient echo MR image of the hip. (b) Sagittal 
gradient echo MR image of the knee. (c) Axial gradient 
echo MR image of the shoulder. The presence of haemo-

siderin causes local changes in susceptibility and there-
fore loss of MR signal, most conspicuous on gradient 
echo sequences. Erosions (arrows) secondary to intraos-
seous extension are often seen, particularly in joints with 
tight capsules such as the hip (a) and shoulder (c)
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BFH occurs rarely accounting for <1 % of 
fibrohistiocytic tumours [16, 32]. BFH 
most commonly occurs in young to mid-
dle-aged adults. There is a male predomi-
nance (male-to- female ratio 1.9:1). 
Cutaneous BFH is most often found in 
limbs (upper > lower), and deep BFH is 
most often found in the deeper subcutane-
ous tissues. About 10 % occur in visceral 
soft tissues including the paraspinal mus-
cles, retroperitoneum or mediastinum [37]. 
Rarely deep BFH can occur in visceral 
organs [13]. Multiple lesions are seen in 
30 % of cases [123]. Cutaneous tumours 
are typically small, raised papules or nod-

ules presenting as a painless, slow-growing 
mass, with a clinical impression of a cyst. 
The overlying skin is often reddish or 
black, and there may be the presence of a  
central dimple on lateral compression [31]. 
Deep lesions may not be clinically appar-
ent but are typically well-circumscribed, 
yellow to white masses. Cutaneous BFH 
typically are <1 cm, whereas deep BFH can 
range from 2 to 12 cm [72]. Complete sur-
gical excision is curative. Cutaneous 
lesions rarely reoccur, whilst deep tumours 
have a higher risk of local recurrence (22–
60 %). Atypical, aneurysmal and cellular 
fibrous histiocytoma subtypes are more 

a b

c

Fig. 14.13 (a–c) Diffuse giant cell tumour of the foot. 
(a) Short-axis and (b) long-axis T1-weighted MR images. 
(c) Short-axis STIR MR image. There is a subcutaneous, 
extra-articular, lobulated mass, which is of intermediate 
SI relative to skeletal muscle on T1-weighted images with 
a few foci of low signal in keeping with haemosiderin 
deposits (a, b). These are more conspicuous on gradient 

echo sequences due to ‘blooming’ artefacts (not shown). 
The mass is of high SI on fluid-sensitive sequences in 
keeping with oedema and inflammation (c). On imaging 
alone, this lesion could also represent a giant cell tumour 
of the tendon sheath (GCTTS); however, it is not as inti-
mately related to the flexor tendon as would be expected 
for a GCTTS
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prone to recurrence with reported cases of 
metastases [41]. Risk factors for metastasis 
include large size, high cellularity, aneu-
rysmal changes, marked cellular pleomor-
phism, high mitotic activity, tumour 
necrosis and repeated local recurrences 
[41]. These subtypes may be misinter-
preted as a high-grade malignancy, as they 
can be painful and show rapid growth. 
Intralesional haemorrhage, particularly in 
the aneurysmal variant, can occur possibly 
accounting for the growth and the imaging 
findings [75, 109].

• Pathology:
In general BFH consists of a storiform pattern 

of bland spindle cells and foamy histiocytes 
located in the dermis with possible exten-
sion to the subcutis [59]. BFH is composed 
of a variable mixture of multinucleated 
giant cells, osteoclastic giant cells and foam 
cells with blood vessels in a myxoid, hya-
linised or collagenous stroma. Mitoses less 
than 5 per 10 HPF can be seen. Common 
subtypes include fibroblastic, histiocytic, 
aneurysmal and angiomatoid variants [44]. 
Aneurysmal variants are  distinct, with 

a b

c

Fig. 14.14 (a–c) Malignant tenosynovial giant cell 
tumour (TSGCT) of the calf. Axial T1-weighted (a) and 
STIR (b) MR images. (c) Axial CT of the chest. There is an 
intermediate to slightly hyperintense SI relative to skeletal 
muscle on T1-weighted images within the deep compart-
ment of the lower leg (a). The mass is hyperintense on 

fluid-sensitive sequence (b) with surrounding subcutaneous 
oedema. Foci of low signal can be seen in (a, b). This 
aggressive soft tissue mass is non-specific on imaging 
alone. Biopsy confirmed malignant TSGCT. Metastases are 
commonly found with malignant TSGCT as demonstrated 
in this case with multiple lung metastases (arrows) (c)
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large, blood-filled pseudocystic spaces with 
vascular channels. These channels are sur-
rounded by histiocytes with haemosiderin, 
foam cells and fibroblasts. The angiomatoid 
subtype has a predominance of a capillary-
rich collagen stroma.

An atypical fibrous histiocytoma (AFH) is  
a variant of BFH that is characterised  
histologically by proliferation of dermal 
spindle cells and atypical histiocytic cells. It 
is also known as pseudosarcomatous fibrous 
histiocytoma or dermatofibroma with mon-
ster cells. There is a predominance of 
nuclear pleomorphism and atypia, on a 
background of classic BFH composition 
[58]. The presence of atypia can pose a chal-
lenge in differentiating AFH from malig-
nant tumours such as dermatofibrosarcoma 
protuberans (DFSP) or undifferentiated 
pleomorphic sarcoma (UPS). UPS is com-
posed of malignant pleomorphic sarcoma-
tous cells, bizarre giant cells and frequent 
mitotic figures [8] and is described further in 
Chap. 21. Although AFH is considered to be 
benign, rare cases of recurrence and metas-
tasis to the lymph nodes (Fig. 14.16c) and 
lungs have been reported [41, 58].

• Genetics:
An array of genomic abnormalities in BFH 

and its subtypes have been reported [17], 
but these are inconsistent. Frau et al. have 
reported the presence of clonal transloca-
tion of t(16;17) (p13.3;q21.3) in BFH [36]. 
t(12;19) (p12;q13) chromosomal transloca-
tion has been reported in the aneurysmal 
variant of BFH [9]. However, these are not 
widely established findings.

• Imaging findings:
Imaging features of this fibrous tumour are 

non-specific and definitive diagnosis is 
made histologically. The paucity of radio-
logic reports of BFH likely reflects its dis-
tribution, with the majority of tumours 
located superficially, and therefore usually 
no imaging is undertaken.

US is useful for the assessment of superficial 
lesions, which demonstrates a well-defined 
hypoechoic nodule with peripheral vascu-

larity [126]. Due to its fibrous nature and 
high cellularity, BFH can appear ‘cystic’ on 
US, that is, anechoic/hypoechoic, homoge-
neous and with well-defined margins [66]. 
However, Machiels et al. [72] reported BFH 
appearing hyperechoic on US, and it is 
likely the US appearance may vary accord-
ing to the subtype and cellular make-up.

On CT, BFH demonstrate a hypo- to isodense 
mass to skeletal muscle. Internal cystic or 
necrotic regions can also be seen.

On MRI, the tumour is non-specific. On 
T1-weighted images, the lesion is iso- to 
hypointense to the muscle. On T2-weighted 
images, the mass is heterogeneous and has 
intermediate to high SI (Fig. 14.15) [72]. 
There is homogeneous enhancement  
post- gadolinium administration [127]. 
Aneurysmal BFH can be seen as a subcuta-
neous soft tissue mass with intralesional 
haemorrhage of differing ages causing 
fluid-fluid levels and large internal ‘clefts’ 
filled with blood (Fig. 14.16).

Unusually, for a benign lesion, there has been 
a report of a BFH demonstrating uptake on 
18F-FDG PET-CT [25]; however, this is not 
a consistent finding [24].

• Differential diagnosis:
The most important diagnostic challenge is 

differentiating BFH from aggressive forms 
of fibrohistiocytic neoplasms, including 
DFSP and malignant fibrous histiocytoma 
(known termed UPS). The pattern of sub-
cutaneous extension of BFH differs from 
the pattern of extension seen with DFSP 
[59]. Other  differentials to consider include 
solitary fibrous tumour (SFT) and nodular 
fasciitis.

14.2  Intermediate (Rarely 
Metastasising)

14.2.1  Plexiform Fibrohistiocytic 
Tumour

Plexiform fibrohistiocytic tumour (PFHT) was 
first described in 1988 by Enzinger and Zhang 
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[30]. It is a dermal-subcutaneous neoplasm com-
posed of fibroblasts and histiocyte-like cells, with 
rare reports of lung metastasis [80, 108].

• Clinical behaviour and gross findings:
PFHT is a rare, slow-growing tumour predomi-

nantly seen in children and adolescents, 
although a wide age range has been reported 
from birth to 77 years of age [30, 80]. 
Previously, PFHT was thought to have a 
female predominance [30, 99]; however, 
recent evidence suggests an equal sex distri-
bution [46, 99]. It has a predilection for the 
upper extremities [30] followed by the lower 
extremity, trunk and head and neck. Up to 
40 % recur with 6 % metastasising to regional 
lymph nodes [30, 46, 123]. PFHT may be 
associated with previous radiotherapy treat-
ment [4, 43]. It clinically presents as a small, 
poorly defined, painless dermal mass or 
plaque. The overlying skin may demonstrate 
central depression [30]. Macroscopically, 
PFHT is a firm, multinodular, poorly cir-
cumscribed dermal mass, which can extend 
into skeletal muscle. It has a grey- white 
appearance and is fibrous or partially mucoid 
typically <3 cm [30, 99]. Wide surgical exci-
sion is recommended; however, clinicopath-

ologic correlation with clinical behaviour, 
outcome and metastasis of PFHTs have been 
unsuccessful [30, 46, 51, 99]. Pulmonary 
metastasis and death have been reported, and 
therefore, staging including chest imaging is 
suggested. Because of a number of cases 
with involved margins, Mohs micrographic 
surgery has been used to ensure clear resec-
tion margins [94].

• Pathology:
PFHT is characterised by a plexiform mass 

with extensive haemosiderin deposits 
involving the dermis and superficial subcu-
tis. Three distinct cell types are present 
including mononuclear epithelioid histio-
cyte-like cells, spindle (myo)fibroblasts 
and osteoclast-type multinucleate giant 
cells [4]. Accordingly, three histological 
types are described: (i) a fibroblastic type, 
(ii) a nodular histiocytoid type and (iii) a 
mixed type [33]. Cellular and mitotic 
atypia with lymphovascular invasion has 
been rarely described [30, 80].

• Genetics:
There have been three reported cases of PFHT 

with aberrant clonal chromosome abnor-
malities; however, a common mutation is 
yet to be identified [65, 97, 111].

a b

Fig. 14.15 (a–b) Benign fibrous histiocytoma (BFH) of 
the thigh. Axial T1-weighted (a) and T2FS (b) MR image. 
A non-specific cutaneous nodule is seen just under the 

skin surface. There is intralesional high T1 SI suggestive 
of haemorrhage. Biopsy confirmed BFH
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• Imaging findings:
There is little on the imaging appearances of 

PFHT in literature. On MRI, PFHT is a poorly 
circumscribed subcutaneous mass, which is 
of low SI on both T1- and T2-weighted 
images, reflecting the high collagen composi-
tion. None or minimal enhancement post- 
gadolinium was seen [43, 84].

• Differential diagnosis:
The differential diagnosis of PFHTs includes 

BFH, plexiform nerve sheath tumour, 
benign and malignant giant cell tumour of 
soft tissue (GCT-ST) and infantile myofi-
bromatosis [30, 46, 51, 131]. Imaging find-
ings are non- specific and therefore 
diagnosis is based on histology. GCT-ST 

a b

c

Fig. 14.16 (a–c) Aneurysmal fibrous histiocytoma of the 
thigh. Axial T1-weighted (a) and T2FS (b, c) MR image. 
Aneurysmal fibrous histiocytoma can be seen as a subcu-
taneous soft tissue mass with intralesional haemorrhage of 

differing ages causing fluid-fluid levels (a, b). This case 
demonstrates a metastasis with a fluid-fluid level (arrow) 
to an inguinal lymph node (c)
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predominantly occurs in adults and demon-
strates a solid, rather than plexiform, 
growth pattern. BFH is frequently marked 
by a storiform pattern. Solitary and multi-
ple infantile myofibromatosis tends to be 
well demarcated and frequently displays 
haemangiopericytoma- like areas [63].

14.2.2  Giant Cell Tumour of Soft 
Tissue

GCT-ST is exceedingly rare and is histologically 
similar to giant cell tumour (GCT) of the bone 
[8]. There have been no reports of GCT of the 
bone and GCT-ST occurring simultaneously. It 
was first described in 1972, by Salm and Sissons 
[107] who noted the resemblance between the 
two entities. It is also known as an osteoclastoma 
of soft tissue and is a tumour of unpredictable 
behaviour [40] and low malignant potential. 
There have been rare reports of metastases [40]. 
The exact histopathogenesis of GCT is unknown 
though origin from undifferentiated mesenchy-
mal cells has been proposed [96] or that giant 
cells are the result of fusion of circulating mono-
cytes recruited into the lesion [76].

• Clinical behaviour and gross findings:
GCT-ST is a painless multinodular mass, 

which can fungate [27]. It occurs predomi-
nantly in the fifth decade but has been 
reported in patients ranging from 5 to 89 
years of age. No sex predominance is noted 
[68]. Seventy percent of tumours occur in 
the extremities (lower > upper), 20 % in the 
trunk and 7 % in the head and neck regions 
[34, 86, 88, 103]. A number of cases have 
reported GCT-ST localised to the mediasti-
num [53]. There has been reported occur-
rence of de novo GCT-CT within a surgical 
scar [38].

GCT-ST is a well-circumscribed, predomi-
nantly solid, nodular mass that has a red- 
brown or grey surface. Peripheral 
mineralisation is frequently present and 
may be detected on radiographs [86]. 
Tumours range from 0.7 to 10 cm with a 

mean of 3 cm [34, 86, 88]. Though most 
lesions are superficially located, 30 % of 
cases are noted to extend through the super-
ficial fascia [34, 86, 104]. There have been 
a few case reports of GCT-ST causing a 
paraneoplastic osteomalacia. Patients pres-
ent with a clinical picture of osseous pain 
and muscle weakness. Biochemical profile 
demonstrates a normocalcaemia, hypo-
phosphataemia, phosphaturia and increased 
serum alkaline phosphatase [45].

Treatment is with surgical excision; however, 
the rate of local recurrence is reported at 
12 % with rare cases of metastasis and even 
death [34, 86, 88]. Superficial GCT-STs 
have a more favourable prognosis than 
deep GCT-ST. More recently, Righi et al. 
[102] report the risk of recurrence to be 
28 % in the skin and 45 % in deep soft tis-
sues. The risk of recurrence is related to 
inadequate excision margins [50]. Adjuvant 
radiotherapy has also been used [12, 124]. 
Currently, no clinicopathological factors 
are predictive of the clinical course or risk 
of metastasis [34, 86, 88].

• Pathology:
The most prominent feature of GCT-ST is its 

multinodular architecture seen in 85 % of 
cases [88]. Nodules are separated by 
fibrous septations containing haemosid-
erin-laden macrophages [86]. GCT-ST has 
a richly vascularised stroma containing a 
mixture of spindle and polygonal mono-
nuclear stromal cells and multinucleate 
osteoclast-like giant cells. Approximately 
1–30 mitotic figures per 10 HPF are pres-
ent [34, 86, 88]. Necrosis is rare, and 
unlike its bony counterpart, atypia, nuclear 
pleomorphism and bizarre giant cells are 
typically absent [34, 42, 68, 86, 88]. 
Peripheral bone formation, seen as a 
peripheral shell of woven bone or as scat-
tered bony structures, is present in approx-
imately 50 % of cases. A third of cases 
demonstrate features similar to aneurys-
mal bone cyst (ABC) with the formation of 
blood-filled lakes with 30 % of tumours 
demonstrating vascular invasion [34, 42, 88]. 
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Interestingly, the features of GCTTS (dense 
hyaline stroma, siderophages and xan-
thoma cells) are nearly always absent (see 
Sect. 14.1.1.1 above).

• Genetics:
Cytogenic analysis of a single case demon-

strated multiple telomeric associations 
involving multiple chromosomes, similar 
to that of GCT of the bone [42].

• Imaging findings:
The imaging description of GCT-ST is not 

well described, initially confined to a hand-
ful of angiographic studies [2].

In general, radiographs are normal with super-
ficial tumours or may demonstrate 
increased soft tissue density. Cortical bone 
irregularity was noted in a case of a deep 
GCT-ST situated adjacent to the fibula [67], 
but this is not a common finding [27].

Peripheral mineralisation, which is noted his-
tologically, can be seen on CT [67].

US demonstrates a non-specific heteroge-
neous/hypoechoic solid mass with no or 
minimal increased Doppler signal [12, 67].

MRI features are non-specific but demonstrate 
a soft tissue mass that is of low to interme-
diate SI to the muscle on T1-weighted 
images with increased heterogeneous SI on 
T2-weighted images. A peripheral low-
signal rim and low- signal foci were identi-
fied throughout the lesion on all imaging 
sequences due to the presence of haemo-
siderin [67]. Lee et al. demonstrated 
restricted diffusion on diffusion- weighted 
imaging in their case of GCT-ST [67]. 
There is diffuse enhancement post- contrast, 
which is also seen on CT. In tumours with 
ABC-like features, fluid-fluid levels can be 
demonstrated with varying SI on T1- and 
T2-weighted images reflecting the differ-
ent stages of blood [76]. Cystic degenera-
tion of GCT-ST with imaging characteristics 
consistent with a cystic lesion has been 
reported [1]. These tend to be thick walled 
with internal debris.

GCT-ST has been shown to demonstrate 
increased uptake on 18F-FDG PET-CT 
[67, 102].

To date, four cases of paraneoplastic osteoma-
lacia have been described [45]. Harish 
et al. described the MRI appearances of a 
GCT-ST as mentioned above, but further-
more, there were radiographic features of 
osteomalacia with Looser’s zones. The 
GCT-ST was  localised with an 111indium 
octreotide scintigram, which demonstrated 
uptake in the tumour.

• Differential diagnosis:
The main differential diagnoses include 

benign lesions such as giant cell tumour of 
the tendon sheath (GCTTS), reparative 
giant cell granuloma, cellular-type BFH 
with osteoclast- like giant cells and 
PFHT. GCT-ST can be misdiagnosed as an 
extraskeletal osteosarcoma variant, due to 
the common presence of osteoid formation 
[34, 88, 107]. Differential diagnosis of a 
GCT-ST also includes leiomyosarcoma 
with osteoclast-like giant cells.
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15.1  Introduction

This chapter aims to discuss the relevant clinico-
pathological and imaging characteristics of tumors 
with myogenic differentiation and of pericytic 
tumors. Tumors with myogenic differentiation are 
further subdivided into smooth muscle tumors and 
skeletal muscle tumors. In  contradistinction to 
other histological types of soft tissue tumors, 
tumors with histologically myogenic differentia-
tion are more frequently malignant than benign. 
Benign muscle tumors (leiomyoma and rhabdo-
myoma) are relatively rare and account for less 
than 2 % of all benign soft tissue tumors [25]. 
Malignant tumors with muscle differentiation 
(leiomyosarcoma and rhabdomyosarcoma) are 
more frequent and represent 2–12 % and 8–9 % of 
all soft tissue sarcomas, respectively [26].

However, many malignant soft tissue tumors that 
are identified on imaging to arise in muscle do not 
show muscle differentiation histologically. At MR 
imaging, these lesions are often indistinguishable 
from soft tissue tumors with myogenic differentia-
tion. Therefore, histological confirmation is always 
required particularly if there is any suspicion for 
malignancy. Important general MR imaging fea-
tures which may suggest malignancy, irrespective 
of the histological composition of the lesion, are 
large volume (any lesion exceeding 3 cm), ill-
defined margins, inhomogeneity on all pulse 
sequences, intralesional hemorrhage, intralesional 
necrosis, extensive and peripheral enhancement 
pattern (with papillary projections) on static con-
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trast examination, rapid enhancement with steep 
slope on dynamic contrast examination, extracom-
partmental extension, and invasion of adjacent 
bones and neurovascular bundles ([9] and Chap. 9). 
MR imaging is the primary imaging modality of 
choice for local staging of tumors arising in the 
extremities, whereas both CT and MR imaging can 
be used for staging tumors arising in the abdomen.

15.2  World Health Organization 
Classification of Muscle 
Tumors

Since imaging findings lack specificity, it is not pos-
sible to classify tumors by their radiological appear-
ance. For this reason we will classify the muscular 
tumors on the basis of histology according to the 
World Health Organization (WHO) classification 
of soft tissue tumors ([12], Fourth revision).

Smooth Muscle Tumors
Benign
• Leiomyoma of deep soft tissue
Malignant
• Leiomyosarcoma (excluding skin)

Skeletal Muscle Tumors
Benign
• Extracardiac rhabdomyoma: adult, fetal, and 

genital type
Malignant
• Embryonal rhabdomyosarcoma
• Alveolar rhabdomyosarcoma
• Pleomorphic rhabdomyosarcoma
• Spindle cell/sclerosing rhabdomyosarcoma

15.2.1  Smooth Muscle Tumors

15.2.1.1  Leiomyoma of Deep Soft 
Tissue

Definition and Clinical Findings
Leiomyoma occurs mainly in the female repro-
ductive tract. Further discussion of uterine 
smooth muscle tumors is beyond the scope of 
this chapter. Leiomyomata of the deep soft tis-

sue are very rare in comparison with superfi-
cial leiomyomata. Superficial leiomyomata are 
further subdivided into cutaneous leiomyoma 
and genital leiomyoma. Cutaneous leiomyo-
mata (leiomyoma cutis) arise from the arrector 
pili muscle of the skin. They present as 
 clustered papules or less commonly as single 
painful nodules. The size ranges from a 
few millimeters up to 2 cm. Lesions arising 
from the deep dermis of the scrotum, nipple, 
areola, and vulva are designated as genital 
leiomyoma [27].

Leiomyomata of the deep soft tissue are fur-
ther subdivided into two distinct subtypes: the 
deep leiomyoma of extremities (the somatic leio-
myoma) and the retroperitoneal or abdominal 
leiomyoma [27]. The lesions are typically large 
at presentation (more than 5 cm) and have a rich 
vascularization [8, 27].

Long-term follow-up showed that deep leio-
myoma may demonstrate aggressive behavior, 
leading to the assumption that these lesions could 
be potentially malignant [48]. Therefore, histo-
logical confirmation of the lesion is mandatory to 
make a reliable diagnosis [3].

Imaging
Superficial leiomyomata are dermatological- 
based lesions which are rarely referred for imag-
ing [8]. At radiography or computed tomography 
(CT), leiomyomata of the deep soft tissue may 
occasionally show intralesional calcifications of 
variable morphology (either sandlike, plaquelike, 
or large mulberry pattern) [8, 27].

MR imaging findings are nonspecific. Because 
of the large size, the heterogeneous T2-signal, 
and high vascularity resulting in marked enhance-
ment, the lesion may mimic a malignant STT [8, 
27] (Fig. 15.1).

15.2.1.2  Leiomyosarcoma (Excluding 
Skin)

Definition and Clinical Findings
Leiomyosarcoma is a malignant neoplasm show-
ing pure smooth muscle differentiation ([12], 
Fourth revision). Extrauterine leiomyosarcomata 
typically occur in adults [8].
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There are four main subtypes, including cuta-
neous, subcutaneous, deep soft tissue, and vascu-
lar leiomyosarcoma. Cutaneous leiomyosarcoma 
has a far better prognosis than the subcutaneous 
type.

Deep soft tissue leiomyosarcomata mostly 
occur in the retroperitoneum (usually in the peri-
renal space) and only in 12–41 % in the  extremities 
(particularly in the thigh) [7, 32, 38]. Of note, 
bone leiomyosarcoma is a distinct and rare entity, 
which is not addressed in the WHO classification 
of soft tissue tumors and bone ([12], Fourth revi-
sion). Deep soft tissue leiomyosarcomata in the 
retroperitoneum present at a more advanced stage 

than vascular leiomyosarcomata, which is likely 
because first mentioned have more space to grow 
before causing symptoms [7].

Vascular leiomyosarcomata arise in large ves-
sels, most commonly in the inferior vena cava or 
lower extremity veins. The clinical findings 
depend on the involved part of the vein and the 
extent of the lesion. In the inferior vena cava, 
upper-segment involvement may manifest as 
Budd-Chiari syndrome, middle-segment involve-
ment as nephrotic syndrome, and infrarenal 
involvement as edema in the lower extremity 
[34]. The lesions may cause vascular obstruction 
and thrombosis [4, 23].

a

b c d

Fig. 15.1 Leiomyoma of the flexor compartment of the 
right arm in a 56-year-old woman. (a) Ultrasound, axial 
plane. Ultrasound shows a well-circumscribed, oval, and 
slightly hypoechoic mass within the biceps muscle. (b) 
Axial T1-WI. The well-defined mass is hyperintense to 

muscle on T1-WI. (c) Axial T2-WI. The well-defined 
mass shows an inhomogeneous, stippled high signal on 
T2-WI. (d) Axial T1-WI after IV administration of gado-
linium contrast. Inhomogeneous enhancement is seen
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Imaging
Cutaneous and subcutaneous leiomyosarcomata 
usually present as well-defined, relatively small, 
homogeneously enhancing tumors, often associ-
ated with fascial edema [16] (Fig. 15.2). Deep soft 
tissue and vascular leiomyosarcomata show simi-
lar imaging features [7, 16] and mostly present as 
large, heterogeneous masses with variable signal 
intensities, central necrosis, and marked periph-
eral and septal enhancement [44] (Figs. 15.3, 
15.4, 15.5, and 15.6). Intralesional calcifications 
may be detected in a minority of leiomyosarco-
mata [5]. Secondary bone involvement is seen in 

up to 10 % [41, 44] (Fig. 15.6). Vascular leiomyo-
sarcomata exhibit three main growth patterns: 
extraluminal (62 %), intraluminal (5 %), and com-
bined extra- and intraluminal (33 %) [19]. 
Leiomyosarcoma of the inferior vena cava can be 
classified into three groups according to level 
affected: segment I, infrarenal; segment II, inter- 
and supra-renal up to but not including the main 
suprahepatic veins; and segment III, suprahepatic 
with possible intracardiac extension [22]. 
Intravascular leiomyosarcoma may be confused 
with deep vein thrombosis at US [8]. Both MR 
imaging and CT are useful for differentiating 

a b

c d

Fig. 15.2 Subcutaneous leiomyosarcoma of the thigh in 
a 39-year-old woman. (a) Axial T1-WI. (b) Axial FS 
T2-WI. (c) Sagittal FS T2-WI. Ill-defined, subcutaneously 
located mass on the dorsal side of the thigh with an inter-

mediate signal intensity on T1-WI and hyperintense sig-
nal intensity on FS T2-WI. (d) Axial T1-WI after IV 
administration of gadolinium contrast. Inhomogeneous, 
mainly peripheral enhancement is seen
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intravascular leiomyosarcoma of the inferior vena 
cava from a simple thrombus and for staging [34].

15.2.2  Skeletal Muscle Tumors

15.2.2.1  Extracardiac Rhabdomyoma

Definition and Clinical Findings
Rhabdomyoma is a rare benign tumor composed 
of striated muscle cells [8]. There are two broad 
categories, cardiac and extracardiac rhabdomy-
oma. Cardiac rhabdomyoma is associated with 

the tuberous sclerosis complex. Extracardiac 
rhabdomyoma is further subdivided in adult, fetal, 
and genital subtypes.

Adult rhabdomyoma is a benign soft tissue 
neoplasm showing mature skeletal muscle differ-
entiation ([12], Fourth revision). The adult sub-
type is a slowly growing painless mass most 
typically seen in the neck and rarely in the somatic 
skeletal muscle [27].

Fetal rhabdomyoma is a benign rhabdomyo-
blastic tumor with myotube-like differentiation 
([12], Fourth revision). The less frequent fetal 
subtype has a predilection for the postauricular 

a b

c d

Fig. 15.3 Leiomyosarcoma of the inferior vena cava in 
an 84-year-old woman. (a) Axial contrast-enhanced CT 
image. (b) Coronal reformatted contrast-enhanced CT 
image. Well-delineated retroperitoneal mass with hetero-
geneous enhancement embedded in the inferior vena cava 
located between the renal veins and the confluence of the 
hepatic veins (i.e., middle segment). (c) Axial T2-WI. 
Heterogeneous mass slightly hyperintense signal com-

pared to the liver parenchyma. (d) Axial diffusion-
weighted image. Restricted diffusion in the largest part of 
the mass, with a small focus of absent diffusion restriction 
(Used with permission from Peters et al. Leiomyosarcoma 
of the inferior vena cava. Eurorad: radiological case  
database (2015), URL: http://www.eurorad.org/case.php? 
id=12591, DOI: 10.1594/EURORAD/CASE.12591)
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a

b

c

d

Fig. 15.4 High-grade leiomyosarcoma in the left thigh. 
(a) Coronal reformatted CT image. Large subcutaneous 
soft tissue mass abutting the adductor muscles. Note the 
intimate relationship with an adjacent subcutaneous vein 
(white arrow). (b) Axial T1-WI. (c) Coronal FS 
T2-WI. The mass is of inhomogeneous signal intensity on 

both pulse sequences. (d) Coronal FS T1-WI after IV 
administration of gadolinium contrast. There is marked 
inhomogeneous enhancement of the lesion. An intimate 
relationship with an adjacent subcutaneous vein is present 
(white arrow) (Color figure online)
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region ([12], Fourth revision). The median age of 
presentation is 4 years [8, 27].

Genital rhabdomyoma are benign rhabdomyo-
blastic neoplasms arising in the female and male 
genital tract ([12], Fourth revision). The genital 
subtype most commonly presents as a vaginal 
polyp in middle-aged woman [8].

Imaging
Cardiac rhabdomyoma are usually detected on 
echocardiography as solitary or multiple hyper-
echoic mass(es) within the myocardium. Reports 
of both US and MR imaging features of extracar-
diac rhabdomyoma are scarce. Maglio et al. [28] 
reported a case of nonspecific oval hypoechoic 
mass in the neck of an adult patient. MR imaging 
reveals a well-delineated mass isointense or 
hyperintense compared to skeletal muscle on T1- 
and T2-weighted images (Fig. 15.7). Central 
necrosis and hemorrhage are rarely seen. After 
administration of intravenous gadolinium con-
trast, there is marked homogeneous or heteroge-
neous enhancement [8, 27] (Fig. 15.7).

15.2.2.2  Rhabdomyosarcoma

Definition and Clinical Findings
Rhabdomyosarcoma is the most common soft tis-
sue tumor in children, accounting for 5–8 % of all 
childhood cancers [18, 35]. It is very rare in 
adults.

There are four main histological subtypes: 
embryonal, alveolar, pleomorphic, and spindle 
cell/sclerosing; each corresponding with a differ-
ent prognosis. The embryonal subtype is most 
common in children, whereas the alveolar 
 subtype is most common in young adults and 
adolescents [36].

Embryonal rhabdomyosarcoma is a primitive, 
malignant soft tissue tumor with phenotypical 
and biological features of embryonic skeletal 
muscle cells ([12], Fourth revision). Embryonal 
rhabdomyosarcomata are most frequent in the 
head and neck (47 %) and the genitourinary sys-
tem (28 %) and only rarely involve the extremi-
ties (6 %). There is an increased incidence in 
Beckwith-Wiedemann syndrome [33].

Alveolar rhabdomyosarcoma is a highly cellular, 
malignant neoplasm containing a monomorphous 
population of primitive cells with round nuclei and 
features if arrested myogenesis ([12], Fourth revi-
sion). Alveolar rhabdomyosarcoma is more aggres-
sive than embryonal rhabdomyosarcoma and has a 
poorer prognosis. The outcome is also affected by 
age, stage, and location. Tumors located in the 
extremities have a poorer prognosis ([12], Fourth 
revision).

Pleomorphic rhabdomyosarcoma is a high- 
grade sarcoma composed of bizarre polygonal, 
round, and spindle cells that display skeletal 
muscle differentiation without embryonal or 
alveolar components ([12], Fourth revision). 

a b
Fig. 15.5  
Leiomyosarcoma of the 
right knee. (a) Sagittal 
T1-WI. (b) Axial FS 
T2-WI. Huge mass 
encasing the popliteal 
vessels (arrows)
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a b

c

e

d

Fig. 15.6 Leiomyosarcoma of the right thigh in a 26-year-
old woman with secondary bone involvement. (a) Plain 
radiograph. Plain radiograph demonstrates an indistinct soft 
tissue swelling with extensive mottled bone involvement and 
a pathological fracture of the femoral neck. (b) Axial CT. CT 
confirms areas of bone erosions and patchy sclerosis. (c) 

Axial T2-WI. (d) Coronal T1-WI. A soft tissue mass sur-
rounds the hip and extends towards the midline. The infiltrat-
ing mass has a heterogeneous high signal intensity on T2-WI 
and an intermediate signal intensity on T1-WI (e) Coronal 
FS T1-WI after IV administration of gadolinium contrast. 
There is marked inhomogeneous enhancement of the lesion

M.E.A.P.M. Adriaensen et al.



347

Pleomorphic rhabdomyosarcoma occurs almost 
exclusively in adults, typically in the deep soft 
tissues of the extremities, particularly the thigh 
[1]. The prognosis is poor.

Spindle cell/sclerosing rhabdomyosarcoma 
is an uncommon variant that has spindle cell 
morphology ([12], Fourth revision). Spindle 
cell/sclerosing rhabdomyosarcomata occur 
both in children and in adults with a male pre-

dilection. Tumors with spindle cell morphology 
occur predominantly in the paratesticular 
region in children and in the deep soft tissues of 
the head and neck in adults. Lesions with scle-
rosing morphology are most common in the 
limbs in both age groups. In children, tumors 
with spindle cell morphology are usually diag-
nosed at an early stage, with limited disease 
burden and a 95 % survival rate at 5 years ([12], 

a b c

e fd

Fig. 15.7 Adult rhabdomyoma of the forearm in a 76-year-
old man. (a) Axial T1-WI. A round mass lesion is seen 
between the superficial and deep flexor digitorum muscles. 
The lesion is inhomogeneous and has a higher signal than 
the adjacent normal muscle. (b) Axial FS T1-WI after IV 
administration of gadolinium contrast. There is marked 

inhomogeneous enhancement of the lesion. (c) Axial PD. 
(d) Axial T2-WI. (e) Axial FS T2-WI. (f) Sagittal 
T1-WI. The lesion has a high signal intensity on PD and 
T2-WI. The lesion remains hyperintense on T2-WI with fat 
suppression. On T2-WI with fat suppression and T1-WI 
with fat suppression, fatty components can be excluded
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Fourth revision). In adults the outcome of spin-
dle cell/sclerosing rhabdomyosarcoma is sig-
nificantly worse with a recurrence rate and 
metastasis of approximately 40–50 % ([12], 
Fourth revision).

Imaging
Plain radiographs and CT may show local bone 
invasion, which is seen in about 25 % of cases. 
Bone metastases may occur and are usually lytic 
and more rarely mixed [8, 27].

US findings of rhabdomyosarcoma are non-
specific [49].

MR imaging features are also nonspecific; isoin-
tense to muscle on T1-weighted images and hetero-
geneous hyperintense on T2-weighted images, 
often with necrotic foci, may be seen. Marked 
enhancement is the rule, particularly in the alveolar 
subtype which has a prominent vascularity [1] 
(Figs. 15.8, 15.9, 15.10, 15.11, 15.12, and 15.13).

15.3  WHO Classification 
of Pericytic (Perivascular) 
Tumors

Since imaging techniques lack specificity, it is 
not possible to classify tumors by their radiologi-
cal appearance. For this reason we will classify 
the pericytic (perivascular) tumors on the basis of 
histology according to the WHO classification of 
soft tissue tumors ([12], Fourth revision).

Glomus Tumors (And Variants)
Benign
• Glomus tumor
• Glomangiomatosis
Malignant
• Malignant glomus tumor

Myopericytoma, Including Myofibroma
Benign
• Myopericytoma
• Myofibroma
• Myofibromatosis
Angioleiomyoma
Benign
• Angioleiomyoma

15.3.1  Glomus Tumor

15.3.1.1  Definition and Clinical 
Findings

Glomus tumors are mesenchymal neoplasms 
composed of cells resembling the modified 
smooth muscle cells of the normal glomus body 
([12], Fourth revision). The glomus body is an 
arteriovenous anastomosis that has an important 
role in thermoregulation [40]. The most common 
location of a glomus tumor is the subungual 
region, although glomus tumors are reported 
throughout the body [15, 29]. Glomus tumors are 
typically small (<1 cm), red-blue nodules with a 
long history of pain, particularly with exposure to 
cold or minor tactile stimulation ([12], Fourth 
revision). Although exquisitely tender to palpa-
tion, most lesions are not palpable as such [15].

15.3.1.2  Imaging
At US, a glomus tumor may have a flattened con-
figuration when subungually located and in that 
case may present as a less conspicuous, thick-
ened hypoechoic subungual space [15]. The nor-
mal subungual space is only 1–2 mm thick [15]. 
If localized lateral to the nail bed or in the palmar 
digital soft tissues, it assumes an ellipsoid or con-
centric shape [13]. Glomus tumors show a 
marked Doppler vascular signal, which equals 
the vascular signal in the normal nail bed [15] 
(Fig. 15.14). At MR imaging, a glomus tumor is 
seen as a homogeneous hyperintense lesion on 
T2-weighted images [40] and an intermediate- to 
low-signal-intensity lesion on T1-weighted 
images [2] (Fig. 15.14). Intense enhancement 
after administration of intravenous gadolinium 
contrast is typical [29, 46] (Fig. 15.14). 
Differential diagnosis of a glomus tumor includes 
hemangioma, vascular malformation, mucoid 
cyst, and epidermal inclusion cyst.

15.3.2  Glomangiomatosis

15.3.2.1  Definition and Clinical 
Findings

Glomangiomatosis is an extremely rare variant 
of glomus tumor with an overall architectural 
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resemblance to diffuse angiomatosis but con-
taining nests of glomus cells investing vessel 
walls ([12], Fourth revision). Glomangiomatosis 
presents as multiple glomus tumors in one 
patient; they have been reported to occur in the 
hand and feet and exhibit sensitivity to tem-
perature or pressure [37]. Unlike solitary glo-
mus tumors, multiple glomus tumors are not 
always located in the subungual region, mak-
ing diagnosis difficult: they may be clinically 
misdiagnosed as neuromas or painful fibroma-
tosis [37].

15.3.2.2  Imaging
At MR imaging, glomangiomatosis presents as 
multiple nodules, with each nodule showing 
signal characteristics identical to a solitary glo-
mus tumor: intermediate or low signal relative 
to muscle on T1-weighted images, and high 

signal intensities on T2-weighted images, with 
strong enhancement after intravenous adminis-
tration of gadolinium-based contrast agent  
[37] (Fig. 15.15). This appearance is reminis-
cent of neurofibromatosis or multiple heman-
giomas [37].

15.3.3  Malignant Glomus Tumor

15.3.3.1  Definition and Clinical 
Findings

Malignant glomus tumors show either marked 
nuclear atypia and any level of mitotic activity or 
atypical mitotic figures ([12], Fourth revision). 
There are two histological types. In one type, the 
malignant component resembles a leiomyosar-
coma or fibrosarcoma. In the other type, the malig-
nant component consists of sheets of highly 

a b

c

Fig. 15.8 Pleomorphic rhabdomyosarcoma in the left 
deltoid muscle. (a) Axial FS T1-WI. (b) Axial FS 
T2-HASTE. Large inhomogeneous mass on both pulse 

sequences. (c) Axial FS T1-WI after IV administration of 
gadolinium contrast. There is marked heterogeneous 
enhancement
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malignant-appearing round cells ([12], Fourth revi-
sion). Histologically, malignant glomus tumors are 
exceedingly rare and clinically malignant glomus 
tumors are even rarer ([12], Fourth revision). Less 
than 50 malignant glomus tumors have been 
reported in the English medical literature ([12], 
Fourth revision; [21]). Malignant glomus tumors 

are usually located deep to the fascia or in the vis-
cera and usually measure more than 2 cm [29].

15.3.3.2  Imaging
Due to its rarity, the imaging features of malig-
nant glomus tumors have been scarcely described. 
Two case studies on malignant glomus tumors 

a b

c d

Fig. 15.9 Pleomorphic rhabdomyosarcoma of the knee. 
(a) Sagittal FS T2-WI. (b) Axial T1-WI. (c) Axial 
T2-WI. Ellipsoid, inhomogeneous mass on all pulse 

sequences located in the soft tissues ventral to the patella. 
(d) Axial FS T1-WI after IV administration of gadolinium 
contrast. There is marked heterogeneous enhancement
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a b

c d

Fig. 15.10 Alveolar rhabdomyosarcoma of the left hypo-
thenar in an 11-year-old girl, presenting with a painless 
swelling for 6 months. (a) Axial T1-WI. A large mass 
within the hypothenar muscles (abductor digiti minimi) 
with inhomogeneous, slightly hyperintense signal inten-
sity compared to adjacent normal muscle. (b) Axial FS 
T2-WI. The lesion is ill-defined with a predominantly 

high signal intensity on T2-WI. Presence of inhomogene-
ity with a central scar-like component of low signal inten-
sity. (c) Coronal FS T2-WI. The lesion has a fusiform 
shape. (d) Axial T1-WI after IV administration of gado-
linium contrast. The lesion shows septal and central 
enhancement
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reported the lesions to be well-defined and uni-
formly enhancing at MR imaging [21, 31], which 
are nonspecific findings.

15.3.4  Myopericytoma

15.3.4.1  Definition and Clinical 
Findings

Myopericytoma represents a benign perivascular 
myoid neoplasm [12]. Myopericytoma presents 
as a slowly growing, superficially located, pain-
less nodule that may be present for years [12]. 

The majority of cases involve a solitary nodule, 
but cases with multiple nodules involving a 
single or multiple anatomic regions have been 
described as well [12].

15.3.4.2  Imaging
It is difficult to make an accurate, preoperative 
diagnosis of a myopericytoma [20, 43]. At US, a 
myopericytoma presents as a homogeneous 
hypoechoic mass with vascular Doppler signal. 
At MR imaging, a myopericytoma is seen as a 
lesion with intermediate to low signal intensity 

a b

c d

Fig. 15.11 Pleomorphic rhabdomyosarcoma of the right 
thigh in a 63-year-old man. (a) Axial T1-WI. (b) Axial 
T1-WI after IV administration of gadolinium contrast. (c) 
Axial T2-WI. (d) Sagittal T1-WI after IV administration 
of gadolinium contrast. Rounded, well-circumscribed 
mass with inhomogeneous intermediate signal intensity 
on T1-WI (a). The mass is even more inhomogeneous on 

T2-WI with the presence of a central fluid collection ante-
rior to an area of low signal intensity (c). There is inhomo-
geneous, predominantly peripheral enhancement (b, d). A 
malignant tumor is suggested by the inhomogeneous 
appearance in all sequences, location, and volume of the 
lesion
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Fig. 15.12 Embryonal rhabdomyosarcoma of the left 
buttock in a 22-month-old boy. (a) Axial T1-WI. (b) Axial 
T2-WI. (c) Axial T1-WI after IV administration of gado-
linium contrast. A large tumor arising in a gluteus muscle 
with a hypointense to isointense signal intensity compared 
to normal muscle on T1-WI and a high signal intensity 
with some internal strands of low signal intensity on 

T2-WI. There is evident enhancement of some parts of the 
tumor, but large areas do not enhance at all. No necrosis is 
seen. Comparable signal patterns are seen on a follow-up 
MR study 2 months later (d, e). (d) Coronal T1-WI 2 
months later. (e) Coronal T1-WI after IV administration 
of gadolinium contrast 2 months later
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on T1-weighted images and a high signal inten-
sity on water-sensitive sequences [20, 43].

15.3.5  Myofibroma 
and Myofibromatosis

15.3.5.1  Definition and Clinical 
Findings

Infantile myofibromatosis is a rare mesenchymal 
disorder occurring in newborns and infants, which 

is characterized by solitary or multiple nodular 
foci of myoblastic and fibroblastic tissue in the 
skin, musculoskeletal system, and visceral organs 
[10]. According to the anatomical distribution of 
the myofibroblastic lesions, two types of infan-
tile myofibromatosis can be distinguished, each 
with a different clinical course. The solitary type 
is limited to the soft tissue and bone and has an 
excellent prognosis, since spontaneous regression 
with complete resolution of the lytic bone lesions 
may occur. It is mostly found in boys. Most 

a

c

d

b

Fig. 15.13 Rhabdomyosarcoma of the adductor region 
of the right thigh in a 78-year-old woman. (a) 
Arteriography with direct retrograde femoral artery injec-
tion. Arteriography reveals the presence of neovascularity 
and of a tumoral blush. (b) Coronal T1-WI. (c) Axial 
T2-WI. (d) Coronal T1-WI after IV administration of 

gadolinium contrast. MR shows a large inhomogeneous, 
intramuscular mass with multiple central areas with a 
hypointense signal on T1-WI which become hyperintense 
on T2-WI corresponding to intralesional necrotic areas. 
Strong enhancement at the periphery of the lesion is seen 
around the necrotic areas
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solitary myofibromas occur in the cutaneous/
subcutaneous tissues of the head and neck region. 
The multicentric type shows widespread visceral 
involvement, mainly of lungs, myocardium, and 
gastrointestinal tract. The multicentric type can be 
lethal in early life [30]. It is mostly found in girls 
[47]. However, solitary and multifocal myofibro-
mas have been described in adults as well [14].

Subcutaneous nodules are usually firm and 
encapsulated and frequently contain calcifica-

tions. They are the most common manifestations 
of infantile myofibromatosis and are easily 
detectable at birth. Tumors measure from less 
than 1 cm to a few centimeters in diameter. They 
contain foci of hemorrhage, cystic degeneration, 
necrosis, calcification, and fat [11].

15.3.5.2  Imaging
Conventional radiographs and CT show a low- 
density soft tissue tumor containing calcifications 

a b

c
d e

Fig. 15.14 Glomus tumor of digitus 3 of the upper 
extremity in a 48-year-old woman. (a) Transverse ultra-
sound image. (b) Longitudinal ultrasound image with 
Doppler. Subungually located, hypoechoic mass with 
Doppler vascular signal and pressure erosion of the dorsal 
cortex of the distal phalanx. (c) Axial T1-WI. (d) Sagittal 

FS T2-WI. Subungually located mass with a homoge-
neous intermediate to low signal intensity on T1-WI and 
hyperintense signal intensity on T2-WI. (e) Sagittal FS 
T1-WI after IV administration of gadolinium contrast. 
There is intense enhancement (Used with permission from 
Van Looveren et al. [50])
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a b

c
d

Fig. 15.15 Glomangiomatosis of the forearm. (a) Axial 
T1-WI. (b) Axial FS T2-WI. (c) Coronal FS 
T2-WI. Multiple nodules in the subcutaneous soft tissue 
with an intermediate to low signal relative to muscle on 

T1-WI, and high signal intensity on T2-WI. (d) Axial 
T1-WI after IV administration of gadolinium contrast. 
There is strong enhancement
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a

b

c d

Fig. 15.16 Infantile myofibromatosis in a 10-month-old 
boy. (a) Ultrasound. Solid, echoic oval mass with a small 
central hyperechoic focus suggesting calcification 
(arrow). (b) Plain radiograph of the pelvis, anteroposte-
rior view. Symmetrical, multiloculated osteolytic lesions 
in both proximal femora and ischial bones. The lesions are 
sharply defined and have sclerotic margins. A calcification 
in the soft tissue is seen lateral to the left acetabulum 
(arrow). (c, d) Plain radiographs of both legs, anteropos-

terior view. Multiple, rounded and ovoid, lytic metaphy-
seal lesions in the femur, tibia, and fibula bilaterally. They 
all have an intracortical localization and sclerotic margins. 
The lesion in the proximal left femur is slightly expansile. 
In this case, the age of the patient and the coexistence of 
bone and soft tissue lesions are indicative of infantile 
myofibromatosis. Follow-up demonstrated spontaneous 
regression and even disappearance of the lesions (Used 
with permission from Wassenaar [47])

within muscle or subcutaneous tissue (Fig. 15.16). 
The lesions enhance after administration of intra-
venous iodine contrast [6]. The lesions are low or 
isointense to muscle on T1-weighted images [11, 
24] and of variable signal intensity on 
T2-weighted images. Lesions strongly enhance 
after intravenous administration of gadolinium- 
based contrast agent. Target sign appearances at 
MR imaging have also been described, consisting 
of either a mildly hyperintense center on 
T1-weighted images or a high- or low-signal- 
intensity center on T2-weighted images [11, 24]. 

Skeletal involvement is seen in the skull, spine, 
chest, shoulder girdle, pelvis, and extremities. 
Within the tubular bones, lesions are located pre-
dominantly in the metaphyseal region, centrally 
or eccentrically. Lesions are lytic, sharply mar-
ginated, and sometimes expansile. Although a 
characteristic radiological appearance of wide-
spread lytic bone lesions associated with calci-
fied soft tissue nodules is noted, differential 
diagnosis of multiple myofibromas should 
include fibrous dysplasia, neurofibromatosis, and 
lymphangiomatosis. The differential diagnosis of 
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solitary myofibroma should include traumatic 
myositis ossificans, juvenile aponeurotic fibroma, 
and soft tissue chondroma [42].

15.3.6  Angioleiomyoma

15.3.6.1  Definition and Clinical 
Findings

An angioleiomyoma is a benign dermal or sub-
cutaneous tumor composed of well-defined 
smooth muscle cells arranged around vascular 
channels ([12], Fourth revision). There are three 
histopathological subtypes: solid, cavernous, 
and venous ([12], Fourth revision). A morpho-
logical continuum exists between angioleiomy-
oma and myopericytoma ([12], Fourth 
revision).

Angioleiomyoma is most commonly encoun-
tered in adults, with two-thirds occurring in the 
fourth through sixth decades of life. The tumor is 
typically small (less than 2 cm) and often slowly 
growing. It may be localized in the dermis, the 
subcutaneous fat, or the superficial fasciae of the 
extremities [45] (Fig. 15.17).

It is painful in over half of the cases [39]. 
Classically, tenderness and pain, which is often 
paroxysmal in nature and precipitated by light 
touch or changes in temperature, are the present-
ing features in 50–70 % of cases [17].

15.3.6.2  Imaging
Conventional radiographs of angioleiomyoma 
are mostly inconclusive. Rarely, they may show 
scalloping of the cortex of the adjacent bone or 
intralesional dystrophic calcifications [45].

At US, the tumor is homogeneously 
hypoechoic, with well-defined margins and 
without contact with the superficial fascia. 
Typically, the tumor is oval-shaped with the 
longest axis parallel to the extremity axis. 
Doppler US reveals hypervascularity [45] 
(Fig. 15.17b).

The three histopathological subtypes (solid, 
cavernous, and venous subtypes) all display simi-
lar MR appearance.

On T1-weighted images, the lesion appears 
either homogeneously or heterogeneously isoin-
tense to skeletal muscle. On T2-weighted images, 
it is mainly hyperintense with few low-signal-
intensity foci. The smooth muscle cells and pat-
ent vessels are believed to correspond to the 
hyperintense areas, whereas the low-signal-
intensity foci correlate with fibrous tissue or 
intravascular thrombi within the mass [17]. The 
lesion shows vivid enhancement after administra-
tion of intravenous gadolinium contrast. 
Hyperintense areas on T2-weighted images show 
strong enhancement, whereas the low-signal-
intensity foci on T2-weighted images enhance 
less [39] (Fig. 15.18).

a b

Fig. 15.17 Angioleiomyoma. (a) Photograph of a 
34-year-old man presenting with a slowly growing mobile 
soft tissue mass at the left lower leg. (b) Longitudinal 

ultrasound showing a well-defined hypoechoic lesion 
within the subcutaneous tissue. The lesion is vascular on 
power Doppler
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a b

c

Fig. 15.18 Angioleiomyoma. (a) Axial T1-weighted 
image (WI). Well-delineated subcutaneous lesion abutting 
the medial aspect of the Achilles tendon. The lesion is 
isointense compared to muscle. (b) Coronal FS 
T2-WI. Note lesion heterogeneity with areas of high and 

low signal intensity (white arrow). (c) Axial FS T1-WI 
after intravenous (IV) administration of gadolinium con-
trast. There is marked but slightly inhomogeneous 
enhancement

 Conclusion

In this chapter the relevant clinicopathological 
and imaging characteristics of tumors with 
myogenic differentiation and of pericytic 
tumors were discussed. In contradistinction to 
other histological types of soft tissue tumors, 
malignant tumors with histologically myo-
genic differentiation are more frequently 
malignant than benign. MR imaging of tumors 

with myogenic differentiation and of pericytic 
tumors is often nonspecific. Therefore, histo-
logical confirmation is required particularly if 
there is any suspicion for malignancy. MR 
imaging is the preferred imaging modality of 
choice for local staging of tumors arising in 
the extremities, whereas both CT and MR 
imaging can be used for staging tumors aris-
ing in the abdomen.
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16.1  Introduction

Vascular soft tissue lesions represent a wide and 
heterogeneous spectrum of lesions. Most of the 
lesions are recognized on clinical history and 
physical examination. When imaging is 
requested, it should be targeted to address  specific 
issues such as planning therapeutic management 
by a multidisciplinary team [1].

Ultrasound (US) coupled with color Doppler 
US is traditionally considered the imaging 
modality of choice for the initial assessment and 
characterization of a lesion of presumed vascular 
origin [2]. Magnetic resonance imaging (MRI) in 
combination with dynamic magnetic resonance 
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(MR) angiography is the most valuable modality 
for the classification of vascular anomalies [3]. 
Its role in evaluating the extent and relationship 
of the lesion to the adjacent structures is impor-
tant, particularly for therapy planning. The aim of 
this chapter is to review the spectrum of vascular 
and lymphatic lesions of the musculoskeletal 
system.

16.2  Classification

The use of different terminologies in the litera-
ture for vascular lesions has led to considerable 
confusion [4]. For example, the term hemangi-
oma has been applied to many vascular lesions of 
differing origins and clinical behaviors. Because 
the treatment strategy depends on the type of vas-
cular anomaly, the correct diagnosis and classifi-
cation are critical.

Several classification systems have been 
described but the two main classifications are:

 – The classification system defined by the World 
Health Organization’s (WHO) Committee for 
the Classification of Soft Tissue Tumors [5]

 – The classification system defined by the 
International Society for the Study of Vascular 
Anomalies (ISSVA) [6]

These two classifications show differences in 
terminology for benign lesions, but they are in 
agreement for intermediate and malignant 
tumors.

16.2.1  WHO Classification

The WHO classification is based on the patho-
logical aspects of the soft tissue tumors 
(Table 16.1 and Chap. 11) [5]. The term of 
hemangioma is defined as “a benign nonreac-
tive lesion with an increase in the number of 
normal- or abnormal-appearing vessels” [7]. 
Subdivisions are based on the predominant type 
of vascular channel. No distinction is made 
between benign vascular tumors and vascular 
malformations.

16.2.2  ISSVA Classification

In 1982, Mulliken and Glowacki [8] proposed a 
useful classification for vascular anomalies, 
which was then adopted by the International 
Society for the Study of Vascular Anomalies 
(ISSVA) in 1996 and updated in 2014 [6]. This 
classification is based on the cellular turnover, 
histologic features, natural history, and physical 
findings of the vascular anomalies [8]. Lesions 
are divided into tumors (neoplastic growth of 
vascular endothelial cells) and vascular 
 malformations (vascular structural anomalies 
with normal endothelial turnover) [6, 8, 9] 
(Table 16.2).

The use of this classification system has been 
strongly recommended in recent years because 
of its effectiveness and usefulness for determin-
ing the appropriate treatment in patients with 
vascular lesions, particularly in pediatric 
patients where vascular lesions represent the 
most common cause of soft tissue lesion [10]. 

Table 16.1 Histological classification of vascular 
tumors, WHO 2013 [5]

Benign vascular tumors

Hemangiomas of subcutaneous/deep soft tissue

  Capillary

  Cavernous

  Arteriovenous

  Venous

  Intramuscular

  Synovial

Epithelioid hemangioma

Angiomatosis

Lymphangioma

Vascular tumors of intermediate malignancy (locally 
aggressive)

Kaposiform hemangioendothelioma

Vascular tumors of intermediate malignancy (rarely 
metastasizing)

Retiform hemangioendothelioma

Papillary intralymphatic angioendothelioma

Composite hemangioendothelioma

Kaposi’s sarcoma

Malignant vascular tumors

Epithelioid hemangioendothelioma

Angiosarcoma

M.B.H. Amor et al.
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Therefore, we will use this classification in this 
chapter; however, Table 16.3 [4, 11–13] indi-
cates comparison between the two classification 
systems.

Other entities, such as glomus tumors and 
synovial hemangiomas, will be discussed 
separately.

16.3  Vascular Tumors

16.3.1  Benign Vascular

We will only describe the most common lesions 
and those associated with clinical or specific 
nosological entities.

16.3.1.1  Infantile Hemangioma (IH)
Infantile hemangiomas are the most common 
vascular tumor of infancy [10]. They occur three 
to five times more frequently in females com-
pared to males [14] and may be present at birth 
but are frequently diagnosed by 3 months of age 
[10]. In most cases, diagnosis is made clinically 
through the observation of a subcutaneous bluish 
red mass that looks like the surface of a straw-
berry (Fig. 16.1).

These tumors undergo two biologic phases:

 – The proliferative phase, which is character-
ized by rapid endothelial growth in the first 
few months of life that stabilizes in size at 
approximately 9–10 months of age. Reflecting 
the characteristic high-flow component of this 
phase, the tumor manifests as a pulsatile and 
warm mass [15].

 – The involuting phase, which occurs over the 
next several years, is a period during which 
the hemangioma spontaneously decreases in 

Table 16.2 ISSVA classification of vascular tumors and 
malformations

Tumors

Benign

Infantile hemangioma

Congenital hemangioma (RICH, NICH, PICH)a

Others: tufted angioma, spindle cell hemangioma, 
epithelioid hemangioma, pyogenic granuloma

Locally aggressive or borderline

Kaposiform hemangioendothelioma, retiform 
hemangioendothelioma

Papillary intralymphatic angioendothelioma (PILA), 
Dabska tumor

Composite hemangioendothelioma, Kaposi’s sarcoma, 
others

Malignant

Angiosarcoma

Epithelioid hemangioendothelioma

Malformations

Simple (i.e., venous, lymphatic, capillary, and arterial)

Combined: defined as two or more vascular 
malformations found in one lesion

Associated with other syndromes: Klippel-Trenaunay 
syndrome, Parkes Weber syndrome, etc.

Modified from ISSVA [6]
aRapidly involuting (RICH), noninvoluting (NICH), par-
tially involuting (PICH)

Table 16.3 Equivalence in terminology between the two 
main classification systems for vascular lesions

WHO classification ISSVA

Cavernous hemangioma Venous malformation

Venous hemangioma Venous malformation

Intramuscular hemangioma Venous malformation 
(mainly)

Lymphangioma Lymphatic 
malformation 
(localized)

Lymphangiomatosis Lymphatic 
malformation (diffuse)

Arteriovenous hemangioma Arteriovenous 
malformation

Capillary hemangioma Infantile hemangioma

Modified from Refs. [4, 11–13]

Fig. 16.1 Proliferative infantile hemangioma in a 
15-month-old boy. Clinical photograph shows a diffuse 
and lobulated mass in the arm with superficial involve-
ment, which causes its strawberry-like appearance

16 Vascular Tumors
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size and is replaced by a residual fibrofatty 
mass [16]. This process is usually completed 
by 7–10 years of age [17].

On pathological examination, whatever the 
phase, IHs express a unique immunophenotype 
(glucose transporter protein-1 (GLUT1)), which 
differentiates them from other vascular lesions [18].

Infantile hemangiomas are most commonly 
seen on the face and neck (60 % of cases), fol-
lowed by the trunk (25 %) and extremities (15 %) 
[19]. They are multifocal in approximately 30 % 
of the cases [1].

During the proliferative phase, the lesion 
appears as a well-defined mass with variable 
echogenicity. The vessels may be visible using 
US. Doppler demonstrates a characteristic hyper-
vascular lesion with a high density of vessels 
(arteries and veins) and a low resistance on spec-
tral analysis (Fig. 16.2) [2, 20]. Despite the high- 
flow nature of the lesion during this phase, there 
is a distinct soft tissue lesion that usually contains 
a single afferent artery and no direct arteriove-
nous shunting, unlike arteriovenous malforma-
tions [2]. During the involuting phase, IHs appear 
hyperechoic with a low density of vessels.

The appearance of IHs using MR imaging is 
indicative of their biologic phase. The prolifera-
tive phase is characterized by a well- 
circumscribed lobulated lesion with low or 
iso-signal intensity on the T1-weighted images 
and a high signal intensity on the T2-weighted 
images; the IH lesions also show an early and 
homogeneous enhancement after gadolinium 
administration (Fig. 16.2) [21]. Fast-flow ves-
sels appearing as flow voids can be depicted 
within and around the lesion [2]. During the 
involuting phase, the increasing amount of fat 
within the tumor increases the signal intensity 
of the lesion on the T1-weighted images, which 
is associated with less avid contrast enhance-
ment (Fig. 16.3).

The presence of a high resistance index on the 
spectral analysis or a marked perilesional edema 
on the T2-weighted images is suggestive of other 
tumoral lesions, such as sarcomas, neuroblasto-
mas, myofibromatosis, tuft hemangiomas, meta-
static neuroblastomas, or other tumors [2].

Multiple hemangiomas of the skin are usually 
linked with visceral hemangiomas. Segmental 
hemangiomas may be associated with PHACE 
syndrome (see Sect. 16.6.1) [22]. Most of these 
segmental hemangiomas are telangiectatic or 
reticular and do not demonstrate a high-flow pat-
tern on Doppler US.

In the majority of the cases, no treatment is 
required due to spontaneous involution. However, 
10–20 % of the cases require treatment, including 
cases with periocular location with vision compro-
mise, high-output cardiac failure, ulceration, com-
pression of the airway, facial hemangiomas with 
rapid growth and distortion, and symptomatic mus-
cular hemangiomas. Medical treatment is usually 
attempted first, and propranolol is typically the first-
line therapy with excellent results in most cases 
[23]. Other treatments include corticosteroids, vin-
cristine, interferon, and laser therapy. Surgery is 
required when medical alternatives are ineffective, 
mostly in cases involving function-threatening, life- 
endangering, and disfiguring lesions [16].

16.3.1.2  Congenital Hemangioma (CH)
CHs are rare and fully developed at birth; there-
fore, they are potentially seen in utero. Three 
subtypes have been identified [6, 24, 25]:

 – Rapidly involuting congenital hemangiomas 
(RICH), which completely regress during the 
first 2 years of life.

 – Noninvoluting congenital hemangiomas 
(NICH), which demonstrate growth propor-

Key Points

1. Infantile hemangioma.
2. The most common vascular tumor of 

infancy.
3. Characterized by two biologic phases 

(proliferative/involuting).
4. Positive for the GLUT1 marker at both 

stages.
5. Presence of a high-flow soft tissue mass.
6. If perilesional edema is present, other 

tumoral lesions must be ruled out.

M.B.H. Amor et al.
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a b

c

d
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Fig. 16.2 Infantile hemangioma. Nine-month-old boy 
with subcutaneous mass in his posterior cervical neck. (a) 
Axial Ultrasound. (b) Axial color Doppler ultrasound. (c) 
Spectral analysis obtained in tumor center. (d) Axial 
T1-weighted MR image. (e) Axial T2-weighted MR 
image, with fat suppression. (f) Axial T1-weighted MR 
image after Gadolinium contrast administration with fat 
suppression. (a–c) Ultrasound shows a solid mass with 
well-defined margins in the subcutaneous soft tissues of 
the neck (a). The lesion is predominantly hyperechoic 
with scattered hypoechoic foci that correspond to vessels 

(white arrow). (b, c) Color Doppler shows hypervascular 
lesion with low-resistance arteries. (d–f) MRI shows a 
well-defined, lobulated soft-tissue mass confined to the 
subcutaneous soft tissues. The mass is isointense relative 
to muscle on the unenhanced T1-weighted image (d), 
hyperintense on T2-weighted image (e), and shows uni-
form enhancement (f). All three images demonstrate 
small, intralesional signal void foci (black arrows) due to 
fast flow vessels. There is no invasion of the underlying 
muscle and no perilesional oedema

16 Vascular Tumors
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tional to that of the child without regression 
(Fig. 16.4).

 – Partially involuting congenital hemangiomas 
(PICH), which have a distinct behavior, evolving 
from RICH to NICH-like lesions. RICH may be 
clinically difficult to differentiate from infantile 
hemangioma but the GLUT1 marker is negative.

Congenital hemangiomas share the same imag-
ing findings on sonography. These features are 
similar to those of infantile hemangiomas, except 
for the presence of intravascular thrombi, vascular 
aneurysms, and arteriovenous shunting [26].

NICH are usually treated by a surgical 
resection [27].

16.3.1.3  Epithelioid Hemangioma
This benign vascular tumor is encountered in 
adult patients with a variable sex predilection [5, 

28]. It is usually superficially located and is 
responsible for red nodules mainly on the face 
and fingers. Furthermore, deep locations, includ-
ing in the bone, are possible [5]. Epithelioid hem-
angiomas are differentiated from Kimura’s 
disease, a chronic inflammatory lesion affecting 
young Asian men, which shares clinical and 
pathological similarities to epithelioid hemangio-
mas [29]. The imaging is nonspecific [28].

16.3.2  Intermediate and Malignant 
Vascular Tumors

16.3.2.1  Kaposiform 
Hemangioendothelioma 
(KHE)

KHEs are locally aggressive, rare vascular 
tumors of intermediate malignancy [5, 6]. Their 

a b

c

Fig. 16.3 Infantile haemangioma of the cheek in a 7-year-
old girl during involution phase. (a) Axial T1-weighted MR 
image. (b) Axial T2-weighted MR image with fat suppres-
sion. (c) Axial T1-weighted MR image after Gadolinium 

contrast administration with fat suppression. MRI images 
show a subcutaneous hyperintense mass on T1-weighted 
image (a), slightly hyperintense on T2-weighted image (b) 
with minimal enhancement (c). No flow voids are seen

M.B.H. Amor et al.
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pathology is characterized by frequent lymphatic 
abnormalities [10]. Even if the tumor does not 
metastasize, intra-abdominal deep forms have a 
poor prognosis because they are rarely curable 
by surgery [30].

MR imaging helps to differentiate KHEs from 
infantile hemangiomas. KHE appears as an ill- 
defined lesion with hemosiderin deposits and 
smaller feeding and draining vessels. Moreover, 
KHEs involve multiple tissue planes and destruc-
tion of the adjacent bones is also observed [10, 15].

KHEs are often associated with Kasabach- 
Merritt syndrome [10] which is characterized by 
thrombocytopenia, microangiopathic hemolytic 

anemia, and localized consumption coagulopa-
thy. In the latter case, medical treatment is rec-
ommended (propranolol, corticosteroids, 
vincristine) [31, 32].

16.3.2.2  Kaposi’s Sarcoma
Kaposi’s sarcoma (KS), also known as 
KS-associated herpesvirus (KSHV), is a locally 
aggressive vascular tumor associated with the 
human herpesvirus-8 (HHV-8). This tumor is 
probably of lymphatic origin and is characterized 
by neoangiogenesis and proliferation of spindle- 
shaped cells with inflammation and edema [33]. 
It is usually a multicentric disease that originates 

b

a

Fig. 16.4 Congential hemangioma in a 3-year-old boy. 
(a) Clinical photograph. (b) Axial color Doppler image 
with spectral display obtained in tumor center. (a) Non- 
involuting congenital hemangioma (NICH) is seen as an 
overlying bluish discoloration with clear peripheral halo 

(arrow). The lesion has been present since birth, growing 
proportionally to the patient’s growth. (b) Color Doppler 
image shows the marked increased vascularity inside the 
lesion with low-resistance arteries. The imaging features 
are indistinguishable from those of infantile hemangioma
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in the lymphoreticular system and may involve 
the skin, lymph nodes, lungs, gastrointestinal 
tract, liver, spleen, and musculoskeletal system. 
Four types of KSs have been described: classic 
KS (chronic form, patients older than 60 years 
old), endemic KS (middle-aged adults and chil-
dren, African KS), KS in iatrogenically immuno-
suppressed patients (related to solid organ 
transplantation or immunosuppressive therapy), 
and AIDS-related KS [28, 33]. The topography 
of the lesions and their aggressivity depend on 
the type of KS. For example, KS AIDS is often 
aggressive and multifocal (face, genitals, lung, 
lower extremities). Imaging depends on the loca-
tion of the lesion and the lymph nodes are typi-
cally hypervascular (Fig. 16.5) [28, 33].

16.3.2.3  Epithelioid 
Hemangioendothelioma 
(EH)

This rare malignant vascular tumor demonstrates 
a local recurrence rate of 10–15 % and a high met-
astatic rate (20–30 %). About half of the cases are 
multifocal [34, 35]. This lesion can arise in any 
vascular tissue and has been reported to be located 
on the skin, muscle, vasculature, bone, brain, and 
stomach. Tumor location in the liver and lungs 
may be confused with metastatic disease [35–37]. 
The adjacent vessels may be thrombosed, which 
may lead to symptoms. Calcifications can be 
observed [36, 38]. This lesion is often associated 
with Kasabach-Merritt syndrome.

16.3.2.4  Angiosarcoma
Angiosarcoma is a high-grade malignant tumor 
with a high mortality rate [39]. It may involve the 

skin (33 % of the cases), the deeper soft tissues 
(24 % of the cases), the internal organs, or the 
bones [38]. The presence of chronic lymphedema 
(Stewart-Treves syndrome) occurs in approxi-
mately 10 % of the cases and is a well-known risk 
factor for angiosarcoma [38]. Stewart-Treves syn-
drome is usually reported in the upper extremities 
after a mastectomy for breast cancer. Additionally, 
it can be seen in the lower extremities after hyster-
ectomy for uterine cancer, trauma, or infection 
[40]. Angiosarcoma is rarely radiation- induced, 
and it exceptionally arises in vascular lesions [41]. 
Clinically, two types of angiosarcoma can be seen:

 – A cutaneous form (purplish red plate, possibly 
nodular)

 – A deep form (painful soft tissue mass in the 
lower limbs) [5, 39]

Metastasis most frequently involves the lung 
and lymph nodes, followed by the liver, the 
bones, and the soft tissues [39]. The imaging 
appearance depends on whether the lesion is 
located superficially or deep. Skin thickening 
or focal soft tissue nodules are observed when 
the lesion involves the skin and subcutaneous 
tissues. The imaging features are not specific 
and include intermediate echogenicity, variable 
signal intensity on T2-weighted images, and 
variable contrast enhancement (Fig. 16.6) [28]. 
When the lesion is associated with chronic 
lymphedema, extremity enlargement, diffuse 
skin thickening, and edema of the subcutaneous 
connective tissue can be seen (Fig. 16.7).

16.4  Vascular Malformations

Vascular malformations are defined by an abnor-
mal vasculogenesis with a normal turnover of 
endothelial cells. They are subcategorized 
according to their hemodynamics [42]:

 – Low-flow malformations (venous, lymphatic, 
capillary, capillary-venous, and capillary- 
lymphatic-venous)

 – High-flow malformations (arteriovenous 
 malformations [AVMs] corresponding to an 

Fig. 16.5 Kaposi sarcoma in a 35-year-old man (endemic 
type). Computed tomography after iodinated-contrast 
injection shows an enhancing bilateral inguinal lymph-
adenopathy (arrows)
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anastomosis between an artery and a vein 
through a nidus and arteriovenous fistulas 
[AVFs] with a direct anastomosis between a 
main artery and a main vein)

This distinction is important for planning 
treatment. Interventional radiologists play a 
major role in these lesions with the increas-
ing use of sclerotherapy and embolization 
therapies.

16.4.1  Venous Malformations (VMs)

VMs represent the most common peripheral vas-
cular malformation [43, 44]. They can be simple, 
combined (e.g., capillary-venous and capillary- 
lymphaticovenous malformations), or syndromic 
(associated with Klippel-Trenaunay syndrome, 
blue rubber bleb nevus syndrome, or Maffucci 
syndrome). They are present at birth, but patients 
usually develop symptoms during late childhood 
or early adulthood (especially during puberty and 
pregnancy). They vary in size and shape and can 
be localized and well defined or diffuse and infil-
trative. They can involve the superficial and/or 
deep tissues. When superficial, patients typically 
demonstrate bluish skin abnormalities and a soft 
compressible and nonpulsatile soft tissue mass 
[45]. They typically expand during the Valsalva 
maneuver and decompress with extremity eleva-
tion and local compression [17, 45]. They can 
also be deep, involving many anatomical struc-
tures, including the muscle, synovial membrane, 
bone, and liver [4, 45, 46]. They may cause pain, 
impaired mobility, and skeletal deformities. They 
are usually located on the extremities (40 %), 
head and neck (40 %), and trunk (20 %) [17, 45]. 
Elevated D-dimer levels are a specific biomarker 
for VMs [47].

Pathologically, VMs are characterized by 
small- or large-sized venous channels connected 
with the normal venous system. They may con-
tain thrombi whose dystrophic mineralization 
produces phleboliths [43]. Although pathologists 
now apply the new ISSVA nomenclature [46, 48], 
the historical terminology is kept in the current 
WHO classification (Table 16.1) [5]. Therefore, 
entities such as cavernous, venous, or intramus-
cular hemangiomas usually correspond to venous 
malformations and are still frequently used in 
pathologic reports using the WHO classification 
[5, 38, 46].

Phleboliths and dystrophic calcifications are 
easily detected on radiographs and CT and are 
highly suggestive of VMs (Fig. 16.8) [2]. In case 
of extensive malformations, the involvement of 
the adjacent joints or bones is possible, such as 
cortical erosion, periosteal reaction, regional 
osteopenia, and bony overgrowth [49, 50].

a

b

c

Fig. 16.6 Angiosarcoma in a 70-year-old men. (a) 
Clinical photograph. (b) Axial color Doppler image. (c) 
Computed tomography. (a) Clinical appearance of numer-
ous skin lesions. (b) Ultrasound with color Doppler shows 
nodular superficial tissue mass, slightly hypoechogenic 
and predominately peripheral flow within the soft tissue 
mass. (c) Computed tomography demonstrates a non spe-
cific subcutaneous nodular lesion
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a

b c

d

Fig. 16.7 Stewart-Treves syndrome in a 66-year-old 
woman who was treated 20 years ago for uterus cervical 
cancer. (a) Axial T2-weighted MR image, with fat sup-
pression. (b) Axial T1-weighted MR image. (c) Axial 
T1-weighted MR image after Gadolinium contrast admin-
istration, with fat suppression. (d) Clinical photograph. 
(a) Axial T2-W fat- suppressed MR images reveals an 

enlarged right extremity with subcutaneous edema 
(arrowheads) (a–c) Nodular mass of low signal intensity 
on T1, with low to intermediate and heterogeneous signal 
intensity on T2 and a heterogeneous enhancement 
(arrows) representing the angiosarcoma. (d) Clinical pho-
tograph shows the purplish skin lesion
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Ultrasound shows an extremely variable 
appearance of the lesion, ranging from predomi-
nantly solid to multicystic lesions [1]. VMs can 
be well defined or infiltrative. These usually 
hypoechoic and heterogeneous lesions consist of 
tubular vascular or cavity compressible areas, 
reflecting the presence of vessels. The phlebo-
liths are usually seen as hyperechoic foci. After 
applying compression, the movement of blood 
into the cavities can be identified (Fig. 16.9). 
Doppler US typically shows no flow or low- 

velocity flow. In the absence of a spontaneous 
vascular signal, dynamic maneuvers such as the 
Valsalva maneuver or manual compression by the 
probe followed by its decompression can cause 
the appearance of vascular signal although 
thrombosis is possible.

MRI is an excellent imaging modality to 
define the extent of the lesions and their rela-
tionship with the adjacent structures. VMs dem-
onstrate well- or ill-defined limits, but they 
typically do not produce any significant soft tis-

a

b

c

d

Fig. 16.8 Venous malformation of the left plantar region. 
(a) Plain radiograph. (b) Axial ultrasound. (c) Axial spin- 
echo T2-weighted MR image, with fat suppression. (d) 
Axial gradient-echo T2-weighted MR image. (a) Plain 
radiography demonstrates periosteal reaction, probably 
related to chronic vascular stasis (black arrowhead), and 
phlebolith (circle). This finding is characteristic of intra-
muscular venous malformation. (b) US shows hypoecho-

genic soft-tissue lesion with hyper echogenic foci with 
posterior acoustic shadowing corresponding to phlebo-
liths (arrow). (c, d) Spin- echo and gradient-echo 
T2-weighted images show the VM as multiple slightly 
hyperintense serpiginous channels (star) with rounded 
hypointense phleboliths (white arrowheads), extending 
within the plantar muscles
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sue mass syndrome, which suggests diagnosis. 
Vascular vessels are seen as tubular and serpigi-
nous cavities with hypo- to iso-signal intensity 
on T1-weighted images and strong hyper-signal 
intensity on T2-weighted images, separated by 
hyperechoic fat (Fig. 16.10). Fat-suppressed 
T2-weighted images are particularly useful to 
evaluate the extent of the VMs. Phleboliths 
appear as small low-signal-intensity foci on all 
pulse sequences. Sometimes fluid-fluid levels 
due to hemorrhage or high protein content can 
be seen (Fig. 16.11) [1], though they are less 
common compared to lymphatic malformations. 
Contrast-enhanced 3-D acquisitions after 
dynamic gadolinium administration should be 
performed to evaluate the perfusion of the 

 malformation and its drainage into the venous 
system. VMs are characterized by a lack of arte-
rial and early venous enhancements and the 
absence of enlarged feeding vessels or arterio-
venous shunting. They typically demonstrate a 
slow and progressive enhancement. 
Characteristic nodular enhancement of tortuous 
vessels can be observed on delayed venous 
phase images (Fig. 16.12) [3, 51]. The time 
between the beginning and the maximal 
enhancement is between 50 and 100 s [52]. Less 
specific appearances may be encountered when 
the lesion is composed of small vessels 
(Fig. 16.13) or in the absence of adipose tissue 
[53]. Intramuscular VMs often demonstrate ser-
piginous venous channels between the muscle 

a b

c

Fig. 16.9 Five-year-old girl with intramuscular venous 
malformation. (a) Ultrasound image. (b) Ultrasound 
image after local compression. (c) Color Doppler image. 
(a) Ultrasound image shows a heterogeneous lesion 

(arrowhead) with internal fluid component (arrow). (b) 
The lesion is compressible (arrowhead). (c) After decom-
pression, filling of the cavities (vessels) can be observed 
on color Doppler US
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fibers that are oriented along the long axis of the 
involved muscle [1]. Intra-articular involvement 
may lead to chronic hemarthrosis and joint 
destruction [54, 55] (Fig. 16.14). Localized 
intravascular coagulopathy is more frequent in 
diffuse compared to focal VMs and can be 
responsible for pain and thrombosis [56].

Most VMs are managed conservatively with 
a compression bandage of the extremity and 
medical antalgics for pain. In cases of major 
pain, joint involvement, and functional or cos-
metic problems, the first-line treatment for 
VMs is sclerotherapy (dehydrated ethanol, 
sodium tetradecyl sulfate, polidocanol, and 
bleomycin), which can be followed by resec-
tion, laser therapy, and photodynamic therapy 
[57, 58].

a b c

Fig. 16.10 Ten-year-old boy with subcutaneaous venous 
malformation. (a) Axial T1-weighted MR image. (b) 
Axial T2-weighted MR image with fat suppression. (c) 
Axial T1-weighted MR image after Gadolinium contrast 
administration with fat suppression. (a) MR images show 

multiple serpiginous areas confined to the subcutaneous 
soft tissues, isointense on T1-weighted image, separated 
by hyperintense areas corresponding to fatty components. 
(b) The lesion is hyperintense on T2-weighted image and 
(c) shows diffuse enhancement

Fig. 16.11 Venous malformation with fluid-fluid level in 
a 5-year-old boy with recent trauma. Axial T2-weighted 
MR image with fat suppression reveals numerous intra-
muscular cavities with fluid–fluid levels. Note the pres-
ence of low signal intensity spot corresponding to 
phlebolith
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16.4.2  Lymphatic Malformations 
(LMs)

LMs represent the second most common type of 
vascular malformation after venous malforma-
tions [59]. These low-flow vascular malforma-
tions are classified into three types depending on 
the size of the cystic cavities [1, 2, 45, 60, 61]:

 – Macrocystic types (formerly cystic hygroma), 
with cysts >2 cm

 – Microcystic types (formerly lymphangioma), 
with cysts between 1 and 2 cm

 – Mixed types with capillary and/or venous 
malformations

a b

c

Fig. 16.12 Intramuscular venous malformation of the 
upper extremity. (a) Sagittal T1-weighted MR image. (b) 
Sagittal T2-weighted image with fat saturation. (c) 
Maximum intensity projection (MIP) after 3D contrast-
enhanced MR angiography, late venous phase. (a) 
T1-weighted image shows an intramuscular and extensive 
lesion which involves the forearm muscles and elbow 
joint, surrounded by fat component (arrowheads). (b) The 

lesion is composed of multiple tortuous hyperintense ves-
sels on T2-weighted image representing a slow flow vas-
cular malformation. At least two phleboliths (circles) are 
seen as low signal foci inside the dilated veins. (c) Late 
venous phase image from gadolinium- enhanced 3D MR 
angiography shows characteristic filing of cavernous 
spaces with diffuse and nodular enhancement (star)

Key Points

1. Venous malformations
2. Superficial or deep (muscle, synovial 

membrane, bone, liver) and localized or 
diffuse

3. Expansion during Valsalva maneuver/
decompression with extremity elevation 
and local compression

4. Phleboliths +++
5. Tubular and serpiginous cavities strongly 

hyperintense on T2-weighted images
6. Diffuse and delayed enhancement of the 

slow- flowing venous channels after con-
trast administration
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Pathologically, they are composed of serpigi-
nous dilated lymphatic channels that do not com-
municate with the normal lymphatic system [45], 
except in the retroperitoneum. Macrocystic and 
microcystic lesions are pathologically indistin-
guishable [61]. Diagnosis is suggested after a 
positive test for markers of lymph vessels, such 
as the vascular endothelial growth factor receptor 
3 (VEGFR-3), LYVE-1, D2-40, and podoplanin 
[61–63]. However, it should be kept in mind that 
LMs can be associated with the other vascular 
malformations.

LMs are present at birth in half of the patients 
(prenatal diagnosis of macrocystic types is possible) 
and are diagnosed before the age of 2 years in 90 % 
of the cases [61, 64]. They mainly involve the head 

and neck (55–95 %) and axillary regions (20 %) 
with a predilection for the left side of the body [64]. 
They can affect multiple structures (lung, intestine, 
liver, spleen, etc.) including the bones [38]. 
Macrocystic LMs are typically large and clinically 
manifest as a soft swelling mass with a rubbery con-
sistency. They are well limited and mobile under a 
normal skin [57, 64]. Transillumination confirms 
the liquid nature of the lesion. The majority of the 
cases are asymptomatic, but complications, such as 
local compression, sudden increase in size second-
ary to bleeding (trauma), or infection from an adja-
cent process of the head and neck, can occur [65].

Microcystic LMs tend to infiltrate the adja-
cent structures. They are sometimes associated 
with a particular skin damage (lymphangioma 

a b

c

Fig. 16.13 Intramuscular venous malformation of the 
thigh in a 32-year-old man with pain exacerbated during 
exercise. (a) Ultrasound. (b) Sagittal T1-weighted MR 
image. (c) Axial T1-weighted MR image after Gadolinium 
contrast administration, with fat suppression (a) 

Ultrasound shows a nonspecific intramuscular soft tissue 
lesion (white arrowhead) (b) MR image demonstrates fat 
component surrounding the lesion (black arrowheads), (c) 
and serpiginous enhancement after gadolinium contrast 
administration (arrow)
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circumscriptum) [1, 2, 61]. More unusual loca-
tions include the mediastinum, retroperitoneum, 
omentum, mesentery, and bones [66].

Ultrasound demonstrates a multiloculated 
cystic mass and the size of the cavity determines 
the type of LM. The cystic spaces are mostly 
anechoic or hypoechoic, but levels may be 
observed in cases of bleeding, infection, or chy-
lous fluid. Septa of variable thickness correspond 
to clusters of lymph structures. LMs do not dem-

onstrate any associated vascularity, soft tissue 
components, or perilesional inflammatory 
changes. Calcifications are sometimes observed.

On MRI, LMs are usually seen as lobulated 
cystic masses with iso- to hypo-signal intensity on 
T1-weighted images and increased signal inten-
sity on T2-weighted and STIR sequences 
(Fig. 16.15). Fluid levels can be observed in cases 
of superimposed hemorrhage or infection [3]. 
After contrast administration, macrocystic LMs 

Fig. 16.14 Patient with diffuse and infiltrative venous 
malformation of the knee. (a) Plain radiograph. (b) 
Coronal T2-weighted image with fat saturation. (c) 
Axial T2-weighted image with fat saturation. (a) Plain 
radiograph shows a widening of intercondylar notch 
with erosion of the medial femoral condyle. (b, c) MRI 

shows infiltrative and serpentine vascular spaces with 
involvement of multiple compartments of the knee. 
Hyperintense nodular and serpentine areas of vascular 
vessels are seen in the subcutis (arrowheads), muscles 
and joint. Note the dilated deep veins (black 
arrowhead)

a b

c

Fig. 16.15 Macrocystic lymphatic malformation in a 
30-year-old woman with a swollen mass in the neck. (a) 
Axial T1-weighted MR image. (b) Axial T2-weighted 
MR image with fat suppression. (c) Axial T1-weighted 
MR image after Gadolinium contrast administration with 

fat suppression. (a) MRI demonstrates a well-defined, 
lobulated isointense mass on T1-weighted image, (b) 
which is highly hyperintense on T2-weighted image, (c) 
and does not enhance after gadolinium contrast 
administration
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exhibit rim and septal enhancement [15, 44], 
whereas microcystic LMs do not show any 
enhancement (Fig. 16.16) [15]. However, com-
bined lymphatic-venous  malformations may 

show diffuse enhancement, which is related to the 
venous component enhancement in mixed mal-
formations [3]. MRI is the best imaging modality 
to assess the exact extent of the lesion, which may 

a

c db
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be localized or diffuse and very infiltrative [1]. 
Involvement of the adjacent bone may be present 
(Fig. 16.16). Needle aspiration confirms the diag-
nosis of LMs by finding lymphatic vessels.

The first-line therapy is percutaneous sclero-
therapy, usually with absolute alcohol under 
radiological control. Several sessions are needed 
in extensive forms of LM. As this treatment is 
usually effective in macrocystic LMs, surgery is 
less frequently proposed [57]. Microcystic LMs 
are more difficult to treat and recurrence is more 
frequent. They should be managed conserva-
tively as much as possible [2].

16.4.3  Capillary Malformations (CMs)

These intradermal vascular lesions are composed 
of mature ectatic capillary channels and are hemo-
dynamically inactive. The diagnosis of CMs is 
clinically based on the appearance of a cutaneous 
red discoloration [9]. CMs are present at birth in 
0.3 % of children [15], and they typically regress. 
They usually involve the face but can develop any-
where. They can be associated with malformation 

syndromes, such as Sturge- Weber syndrome, 
Klippel-Trenaunay syndrome, and Parkes Weber 
syndrome. Nonspecific thickening of the skin can 
be observed with US or MRI [1].

16.4.4  Arteriovenous Malformations 
(AVMs)

AVMs are high-flow vascular malformations 
related to an abnormal communication between 
arteries and veins, with persistence of fetal capil-
lary beds [8]. They are usually sporadic but can be 
seen in hereditary syndromes [26, 67]. They most 
often affect the head and neck region (including 
the brain), the extremities, and the internal organs 
[5]. They are present at birth in an early quiescent 
stage and usually do not become evident before 
until later childhood or adulthood. Like the other 
vascular malformations, they generally increase in 
size proportional to the growth of the child and are 
under hormonal influences (puberty, pregnancy). 
Their size can also be influenced by trauma (such 
as biopsy or incomplete surgery) [17, 45]. They 
are hemodynamically active, which can result in a 
red, pulsatile, warm mass with dilated superficial 
draining veins [68]. The presence of the shunt may 
induce limb hypertrophy and reflex bradycardia 
after compression of the lesion. Adjacent bone or 
joint damage is possible (marked periosteal reac-
tion or destruction) [2, 26].

The histology of AVMs is highly variable with 
a combination of capillaries, venules, and arteri-
oles in a fibrous or fibromyxoid stroma. 
Correlation with imaging is important for the 
diagnosis of AVMs. Calcifications and thrombo-
sis are possible [5].

On US, AVMs are seen as ill-defined areas 
formed by multiple juxtaposed tortuous vessels, 
separated by hyperechoic fat. The vessels include 
arteries with diastolic flow and arterialized 

Fig. 16.16 Microcystic lymphatic malformation. (a) 
Clinical photograph. (b) Coronal T1-weighted MR image. 
(c) Coronal T2-weighted MR image with fat suppression. 
(d) Coronal T1-weighted MR image after Gadolinium 
contrast administration with fat suppression. (a) Clinical 
photograph shows an extensive skin lesion of the thigh 
(white arrowheads). (b–d) MRI reveals the skin thicken-

ing on T1-weighted image (white arrowhead) (b) and a 
diffuse involvement of the subcutaneous tissue (star) with 
a lobulated and septated mass (arrow). There is no signifi-
cant enhancement of these features (d), a finding charac-
teristic of a microcystic lymphatic malformation. Note the 
associated involvement of the bone

Key Points

1. Lymphatic malformations
2. Macrocystic, microcystic, or mixed
3. Most frequent in the neck and head 

regions and then axilla
4. Can be combined with other vascular 

malformations (capillary-venous)
5. Macrocystic LMs: cystic lesion/ring-

septal enhancement after gadolinium 
contrast administration

6. Microcystic LMs: cutaneous skin dam-
age/no significant enhancement after 
gadolinium contrast administration
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 draining veins with pulsatile flow (not seen in 
hemangiomas) [17]. The nidus is recognized by 
its various vascular areas and aliasing phenom-
ena in terms of the color Doppler shunts [20].

MR imaging demonstrates tortuous structures 
composed of enlarged feeding arteries and draining 
veins without well-defined associated mass. Signal 

voids are observed in these vessels on both T1-W 
and T2-W SE sequences (Fig. 16.17), but high sig-
nal intensity is seen on gradient-echo sequences, 
indicating high-flow lesions [1, 45]. Gadolinium 
perfusion allows for the mapping of feeding arter-
ies, draining veins, and the nidus [1]. Early venous 
filling is typically seen in AVMs (Fig. 16.18). 

a

d e fc

b

Fig. 16.17 Complex arteriovenous malformation affect-
ing the calf in a 15-year-old woman. (a) Axial T1-weighted 
MR image. (b) Axial T2-weighted MR image with fat sup-
pression. (c) Coronal T2-weighted MR image with fat sup-
pression. (d–f) Conventional angiographic images 
acquired from early arterial phase to venous phase. (a, b) 
Signal voids in the high flow vessels can be depicted on 

both T1-weighted and T2-weighted MR images, including 
the feeding artery (arrow) and arterialized draining vein 
(arrowhead). (c) Coronal T2-weighted MR image reveals 
the nidus (circle). (d–f) Arteriogram acquired demon-
strates a slightly enlarged tortuous artery (arrow) during 
the early arterial phase, the nidus (star) on late arterial 
phase, and then enlarged draining veins (arrowheads)
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Fig. 16.18 Arteriovenous malformation of the knee in a 
30-year-old man. (a) Coronal T2-weighted MR image 
with fat suppression. (b) Maximum intensity projection 
(MIP) after 3D contrast-enhanced MR angiography. (c, d) 
Conventional angiographic images acquired during early 
arterial phase before the treatment. (a) The lesion is com-
posed of tortuous enlarged feeding arteries located within 

the medial collateral ligament with a distended vein. (b) 
Two feeding arteries (black arrowheads) are seen on MIP 
after 3D contrast-enhanced MR angiography, with the 
early venous feeding (arrow). (c, d) Conventional angio-
graphic images confirm these findings and reveals the two 
feeding arteries (arrowheads) from the superficial femoral 
artery
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The dynamic opacification, using time-resolved 
MR angiography, confirms the rapid flow when the 
period between the start and the maximal enhance-
ment is 5–10 s [3, 52]. Intraosseous extension of 
the lesion can also be seen [68]. Arteriography is 
only performed when the MR features are equivo-
cal or when embolization is considered. This tech-
nique has the advantage of selective catheterization 
of the feeding arteries with depiction of the nidus 
and early draining veins.

The goal of treatment for AVMs is the eradica-
tion of the nidus, causal factor of the shunt. 
Treatment includes two stages, a preoperative 
embolization by a biological glue and a complete 
surgical excision [57]. Different surgical 
approaches have been described, including arterial 
microcatheterism, direct percutaneous puncture, 
and retrograde venous microcatheterism [45].

16.5  Particular Vascular Lesions

16.5.1  Glomus Tumor (GT)

According to the latest revision of the WHO clas-
sification (2013), glomus tumor is regarded as a 
pericystic (perivascular) tumor (see also Chaps. 
11 and 15).

Glomus tumors and its rare variants, such as 
glomangioma (20 % of cases), glomangiomyoma 
(less than 10 % of cases), and the exceptional 
malignant glomus tumor [69], are derived from 
neuromyoarterial glomus bodies. These millime-
ter organs are involved in thermoregulation by 
modulation of cutaneous blood flow. They are 
mainly localized in the dermis, at the ends of fin-
gers and toes, and especially under the nails [38, 
70]. The most common location for GTs is the tip 
of the fingers, particularly the subungual area 

where it can lead to erosion of the adjacent pha-
lanx [71]. They are less common in the pulp. They 
are mainly observed in adults and are observed as 
a small red-blue superficial nodule (1 mm−3 cm), 
with extremely intense focal pain, triggered by 
pressure and cold [70]. This clinical presentation 
results in diagnosis in 90 % of the cases when the 
digits are involved [72].  Subungual lesions have 
female predilection in contrast to the other loca-
tions [70, 73]. Other rare locations include mus-
cles, tendons, nerves, bones, and viscera [74–76] 
and involve less specific symptoms [70].

On radiography, finger involvement is accom-
panied by bone erosion of the distal phalanx in 
approximately one-third of the cases [72]. GTs can 
be visualized using MRI or ultrasound, although 
they typically measures only 1.5–2 mm [77, 78]. 
Ultrasound shows a well-limited hypoechoic nod-
ule which often contains small cystic internal rear-
rangements and a significant hyperemia on Doppler 
(Fig. 16.19) [79]. On MRI, dedicated coils and 
very thin sections with excellent spatial resolution 
should be used. GTs show with hypo- to iso-signal 
intensity on T1-weighted images and strong hyper-
signal intensity on T2-weighted images (Fig. 16.20) 
[28, 75]. MR angiography shows intense enhance-
ment in the arterial phase with tumor blush [71, 78, 

a

b

Fig. 16.19 Glomus tumor of the nail bed. (a) Ultrasound. 
(b) Power Doppler image. (a) Ultrasound images show an 
isoechogenic mass eroding the underlying distal phalanx 
(P3) (arrow). The lesion is markedly hypervascular (b) on 
power Doppler image

Key Points

1. Arteriovenous malformations
2. Ill-defined area with multiple vessels 

(arteries with diastolic flow/arterialized 
draining veins with pulsatile flow)

3. Early venous filling
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80]. This is sometimes the sole sequence showing 
the lesion. Small lesions enhance homogeneously 
after gadolinium administration, while larger GTs 
are more heterogeneous on T2-weighted images 
and after contrast administration [79]. The histo-
logic subtype of the lesion (vascular, solid, myx-
oid) also influences its appearance on T1-weighted 
images (from low to high signal intensity) [71]. 
Postsurgical recurrences present the typical appear-
ance of GTs in half of the cases [78]. The main 
differential diagnoses include mucoid cysts, venous 
malformations, malignant melanomas, soft tissue 
chondromas, giant cell tumors, and epidermoid 
cysts [71, 75, 78, 80].

Surgical excision must be complete to be 
effective for pain and prevent recurrences 
(4–20 % in the subungual location) [77].

16.5.2  Synovial Hemangioma (SH)

SHs are rare vascular lesion of the synovial 
membrane that affect children and young adults, 
and 75 % of patients are symptomatic before the 
age of 16 years [81]. SHs mainly develop in the 
knee (60 %), particularly at the suprapatellar 
pouch. Other locations include the elbow (30 %), 
ankle, hip, temporomandibular joint, and tendon 
sheaths [81, 82]. SH may be associated with 
repetitive episodes of pain, swelling, and joint 
effusion (hemarthrosis). With time, limitation of 
the joint mobility and muscle atrophy can 
develop. Joint blocking is possible when the 
lesion is pedunculated. A diagnostic delay is 
common, and because of the repetitive bleeding 
into the joint, an arthropathy similar to the 
hemophilic arthropathy can develop. If arthrog-
raphy is performed, the synovium may demon-
strate irregular contours mimicking synovial 
chondromatosis, villonodular synovitis, or rheu-
matoid arthritis [82]. MRI is the best imaging 
modality to identify this lesion and to assess its 
intra- and extraarticular extent (Fig. 16.21). 
MRI features are usually pathognomonic: ser-
piginous lesion with a low or iso- signal inten-
sity on T1-weighted images and high signal 
intensity on T2-weighted images due to vascu-
lar stasis, associated with fibrofatty septa and 
sometimes vascular structures (thrombosed or 
not). SH lesion enhances after gadolinium 
administration, sometimes heterogeneously. 
Joint effusion and erosive changes of the sub-
chondral bone are often associated [83, 84].

Early surgical excision is mandatory to pre-
vent the development of arthropathy.

16.6  Syndromes Associated 
with Vascular Lesions

Several well-known familial or sporadic syn-
dromes include vascular tumors or malforma-
tions (Table 16.4) [67, 85, 86]. Most of them 
develop during childhood and require long-term 
therapeutic planning (based on the flow velocity) 
[67]. These patients must be followed by a multi-
disciplinary team.

Fig. 16.20 Glomus tumor of the nail bed. Axial 
T2-weighted MR image with fat suppression shows a 
2 mm markedly hyperintense lesion of the nail bed

Key Points

1. Glomus tumor
2. Benign tumor of the neuromyoarterial 

glomus bodies
3. Tip of the fingers, mainly in the subungual 

area
4. Highly suggestive clinical presentation: 

small red-blue nodule, intense focal 
pain triggered by pressure and cold

5. Small highly vascular lesion of the nail 
bed, possible erosion of the adjacent bone

16 Vascular Tumors
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16.6.1  PHACE Syndrome

PHACE is an acronym for the syndrome’s 
most common clinical and imaging findings: 
posterior fossa malformations, segmental 
infantile hemangiomas of the face and neck 
(usually larger than 5 cm), arterial anomalies, 
cardiac defects or coarctation of the aorta, eye 
or endocrine anomalies, and sternal defects 
[67, 87].

16.6.2  PELVIS and SACRAL 
Syndromes

Infantile hemangiomas located in the lumbosa-
cral and perineal region are at risk of underlying 
developmental anomalies, particularly spinal 
dysraphisms, anorectal and urinary tract defects. 
These associations have been variably named in 
the literature with several acronyms:

 – PELVIS for Perineal hemangioma, External gen-
italia malformations, Lipomyelomeningocele, 
Vesicorenal abnormalities, Imperforate anus, 
and Skin tag

 – SACRAL for Spinal dysraphism, Anogenital 
anomalies, Cutaneous malformations, Renal 
and urological anomalies, and Angioma of 
Lumbosacral localization

Evaluation with MRI is therefore recom-
mended for such lesions in this particular loca-
tion [88, 89].

16.6.3  Kasabach-Merritt Syndrome

Kasabach-Merritt syndrome is characterized by 
a combination of vascular lesions (kaposiform 

a cb

Fig. 16.21 Synovial hemangioma of the hip. (a) Coronal 
T1-weighted MR image. (b) Coronal T2-weighted MR 
image with fat suppression. (c) Coronal T1-weighted MR 
image after Gadolinium contrast administration with fat sup-
pression. Hemangioma demonstrates a low signal intensity 

on T1-WI, bright signal intensity on T2-WI and enhances 
after gadolinium administration (white arrowheads). Note 
the hypointense area under the femoral head related to hemo-
siderin deposition (arrow) and the erosive change of the ante-
rior aspect of the femoral neck (black arrowhead)

Table 16.4 Main syndromes associated with vascular 
tumors and malformations

Tumors

PHACE syndrome/PELVIS and SACRAL syndrome: 
infantile hemangioma

Kasabach-Merritt syndrome: kaposiform 
hemangioendotheliomas, tufted angiomas

Malformations

Syndrome Hemodynamic Main location

Klippel-
Trenaunay

Low-flow Extremities

Maffucci Low-flow Extremities

Parkes Weber High-flow Extremities

Sturge-Weber Low-flow Head

Proteus Low-flow Diffuse

Rendu-Osler-
Weber

High-flow Diffuse

M.B.H. Amor et al.



387

hemangioendotheliomas, tufted angiomas), 
thrombocytopenia, and coagulopathy causing 
hemorrhage, infections, and multiple organ fail-
ure [67]. The mortality rate is close to 30 % [38], 
and aggressive therapy is required (steroids, vin-
cristine, and interferons).

16.6.4  Klippel-Trenaunay Syndrome

Klippel-Trenaunay syndrome is a non-hereditary 
complex disorder usually affecting only one of 

the lower extremities, but it can spread into the 
pelvis and trunk. It is defined by three classic 
clinical findings: (1) capillary malformation 
(usually of affected limb), (2) bone and soft tis-
sue limb enlargement (usually affecting one 
extremity), and (3) atypical varicosities or venous 
malformations with a characteristic abnormal lat-
eral vein beginning at the ankle and extending to 
the pelvic region (Fig. 16.22) [67, 90].

Abnormal development of the deep and super-
ficial veins explains persistent embryonic veins 
including lateral veins with persistent sciatic vein 

a

cb

Fig. 16.22 Klippel-Trenaunay syndrome in a 30-year-
old boy. (a) Coronal T2-weighted MR image with fat sup-
pression. (b, c) Axial T2-weighted MR images with fat 
suppression of the pelvis and thigh. (a–c) There is hemi-

hypertrophy of left lower extremity with extensive subcu-
taneous (star) and intramuscular venous malformations. 
Note the characteristic abnormal sapheneous vein (arrow-
head in c)

16 Vascular Tumors
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and dilated superficial system. Hypertrophy is 
variable, affecting the whole leg or only the distal 
digits [91]. Syndactyly, polydactyly, and congen-
ital hip dislocation can also be observed [92].

On imaging, vascular overgrowth demon-
strates slow and late enhancement indicating 
low-flow malformations. Deep venous malfor-
mations of the femoral vein are commonly seen. 
Because of overgrowth of the soft tissues, the 
affected limb is usually larger and longer than the 
unaffected limb [86].

16.6.5  Maffucci Syndrome

Maffucci syndrome is a rare and non-hereditary 
syndrome characterized by the association of 
multiple enchondromas and multiple low-flow 
vascular malformations (mainly venous, rarely 
lymphatic) [93]. Clinically, it manifests before 1 
year of age in 25 % of the patients and by the 
puberty in 80 % of all cases [67].

Enchondromas usually involve the phalanges 
of the hands (Fig. 16.23) and feet, and in one-half 
of the patients, lesions are unilateral and lead to 
the development of notable malformations [93]. 
Low-flow vascular malformations do not have 
the same distribution as enchondromas and usu-
ally involve the subcutaneous soft tissues of 
another anatomic region. Phleboliths are very 
suggestive [94].

The malignant transformation rate is high and 
involves enchondromas (chondrosarcoma) in 
15–20 % of the patients [95] or vascular malfor-
mations (angiosarcoma) in 3–5 % of the cases 
[96]. There is also a higher incidence of other 
malignant tumors, such as gliomas and ovarian 
and pancreatic tumors. A long-term follow-up is 
therefore mandatory [93].

16.6.6  Parkes Weber Syndrome

Parkes Weber syndrome combines a cutaneous 
capillary malformation with limb hemihypertro-
phy, congenital varicose veins, and arteriove-
nous malformations (a major difference with 

Klippel- Trenaunay syndrome). Numerous small 
periarticular arteriovenous fistulas or shunts can 
be detected in the affected limb [97]. Cardiac 
failure occurs in some patients with high blood 
flow vascular malformations.

16.6.7  Rendu-Osler-Weber 
Syndrome

Hereditary hemorrhagic telangiectasia (Rendu- 
Osler- Weber syndrome) is a genetic, autosomal 
dominant disorder. It is characterized by telangi-
ectasia and arteriovenous malformations in 
 specific locations, leading to epistaxis and hem-
orrhage into the digestive tract [98]. Lesions 
commonly involve the mucous membranes, skin, 
lungs, and genitourinary and gastrointestinal sys-
tems. At imaging, Rendu-Osler-Weber syndrome 
is characterized by arteriovenous malformations 
or fistulas in the lungs, liver, central nervous sys-
tem, or other sites [99].

Fig. 16.23 Maffuci syndrome. Plain radiograph of the 
hand. Multiple, expansible, well-defined and predomi-
nantly lytic lesions within the phalanges and metacarpals 
of the hand (stars) correspond to multiple enchondromas. 
The presence of phleboliths (arrows) within the soft tissue 
are highly suggestive of a Maffuci syndrome

M.B.H. Amor et al.
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17.1  Introduction

A peripheral nerve is a rope-shaped organ with a 
specific concentric organization designed to guide, 
protect, and nourish the neuronal fibers within it. 
The main structure of a peripheral nerve is the 
axon, which is a long extension of the neuronal cell 
body specialized in transporting nerve impulses. 
Each axon is surrounded by Schwann cells, which 
wrap in multiple layers to form the protective 
myelin sheath. A layer of loose connective tissue, 
the endoneurium, surrounds each axon and its 
Schwann cells, forming a nerve fiber. Multiple 
nerve fibers are enclosed in robust connective tis-
sue, the perineurium, to form a nerve fascicle. All 
nerve fascicles are surrounded by the epineurium, 
forming a peripheral nerve [25] (Fig. 17.1).

Nerve sheath tumors are neoplasms composed 
of cells showing nerve sheath differentiation 
[74]. They represent 10–12 % of all soft tissue 
neoplasms [47]. The fourth edition of the WHO 
Classification of Tumors of Soft Tissue and Bone, 
published in 2013, now incorporates a chapter 
specifically dedicated to nerve sheath tumors 
[32]. Some of these tumors were previously clas-
sified under “Tumors of the Nervous System” 
and “Tumors of the Skin” [31, 43]. Consequently, 
the updated WHO classification includes several 
new benign and malignant nerve sheath tumor 
types (Table 17.1). Morton’s fibroma (neuroma) 
and traumatic neuroma will be discussed sepa-
rately since these tumors do not belong to the 
group of nerve sheath tumors (Chap. 24).
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17.2  Benign Nerve Sheath Tumors

17.2.1  Schwannomas

17.2.1.1  Epidemiology
Schwannomas represent approximately 5 % of all 
benign soft tissue neoplasms [47]. They can 
occur at all ages, though they are uncommon in 

children. While most literature data indicate that 
schwannomas are most prevalent between the 
ages of 20 and 50, others have observed a bimodal 
age distribution with peak incidences in the third 
and seventh decades [62]. Men and women are 
equally affected. Schwannomas associated with 
neurocutaneous syndromes tend to occur in 
younger patients [24].

17.2.1.2  Topography
Schwannomas most commonly involve the major 
nerve trunks of the head, neck, and limbs. The 
flexor surfaces of the extremities are more fre-
quently affected, especially near the elbow, wrist, 
and knee [24, 62, 76]. Consequently, the most 
common topographical locations of schwanno-
mas include the spinal roots and cervical plexus 
and the vagus, peroneal, and ulnar nerves. Deeply 
situated schwannomas are predominantly found 
in the posterior mediastinum and the retroperito-
neum [24, 62]. Relatively few schwannomas 
appear on the trunk, which contrasts with the dis-
tribution of neurofibromas in neurofibromatosis 
type 1 (NF1). Other sites of involvement include 
the scalp and the hands; the feet are usually 
spared. Less frequently, schwannomas have been 
recorded in the tongue, palate, and larynx.

17.2.1.3  Histology

General Histologic Features 
of Schwannomas
Schwannomas are benign, slowly growing neo-
plasms. They originate in a nerve and are 
 composed exclusively of Schwann cells embed-
ded in a collagenous matrix [38, 62]. In general, 
they are firm, circumscribed, and encapsulated 
by epineurium. Unlike neurofibromas, which 
incorporate axons, schwannomas grow eccentri-
cally, displacing normal elements of the nerve to 
one side [22]. This implies that surgical excision 
can usually spare the parent nerve because 
schwannomas are separable from the underlying 
nerve fibers [48].

Macroscopically, the cut surface is relatively 
homogeneous, tan or gray, with irregular yellow 
areas and cysts, particularly in large tumors. Less 
often schwannomas can be (partially) hemor-

a

b

Fig. 17.1 (a, b) Nerve sheath architecture: (a) compo-
nents of a nerve fiber surrounded by endoneurium. (b) 
Nerve trunk with five fascicles in group arrangement 
(Source: Penkert et al. [104])

Table 17.1 2013 WHO classification of nerve sheath 
tumors

Benign

Schwannoma (including variants)

Neurofibroma (including variants)

Perineurioma

Granular cell tumor

Hybrid nerve sheath tumor

Benign triton tumor

Dermal nerve sheath myxoma

Solitary circumscribed neuroma

Ectopic meningioma

Nasal glial heterotopia

Malignant

Malignant peripheral nerve sheath tumor

Epithelioid malignant nerve sheath tumor

Malignant triton tumor

Malignant granular cell tumor

Ectomesenchymoma

N. De Vos et al.
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rhagic [38]. Small schwannomas tend to be 
spheroid, whereas larger tumors can be ovoid, 
sausage-shaped, or irregularly lobulated [76].

Microscopically, two types of tissue can be 
distinguished in schwannomas: Antoni A and B 
[62]. The Antoni A tissue is composed of com-
pactly arranged cells which are often aligned in 
rows and separated by clear hyaline bands, a 
characteristic pattern called Verocay bodies [98]. 
Commonly, but not invariably, a part of, or all of, 
a schwannoma has a less cellular Antoni B pat-
tern in which the tumor cells are separated by a 
finely honeycombed eosinophilic matrix [99].

Vessels in schwannomas are usually promi-
nent [38] and are liable to spontaneous thrombo-
sis with consequent necrosis, and sometimes 
hemorrhage, in the adjacent areas. The rich vas-
cular supply of schwannomas is reflected in the 
often intense enhancement of these tumors on 
imaging studies [76].

The histologic features of schwannomas may 
reflect their occasional inhomogeneous appear-
ance on computed tomography (CT) or magnetic 
resonance imaging (MRI) examinations and can 
be summarized as follows [76]:

 1. Areas of decreased cellularity (Antoni B) 
adjacent to areas of increased cellularity 
(Antoni A)

 2. Cystic degeneration due to vascular thrombo-
sis and subsequent necrosis

 3. Xanthomatous regions, containing aggregates 
of lipid-laden (foam) cells

Special Histologic Types of Schwannomas
Histologically, several variants of benign schwan-
noma can be distinguished.

Cellular schwannomas have a predominantly 
cellular growth but no Verocay bodies and are 
almost exclusively composed of Antoni A areas 
[62]. They appear circumscribed, if not encapsu-
lated. They typically occur in middle-aged 
women and are more frequently found in deep 
structures, e.g., the retroperitoneum and posterior 
mediastinum [24]. Cellular schwannomas can 
cause erosion of bone and recur locally. Despite 
their increased cellularity, malignant transforma-
tion does not occur [34, 97].

Ancient schwannomas are long-standing 
schwannomas exhibiting degenerative changes 
including calcification, hyalinization, relative 
loss of Antoni A areas, and cystic cavitation [76]. 
Given the heterogeneity of these neoplasms and 
the fact that tumor nuclei may appear enlarged 
and hyperchromatic, differentiation with malig-
nant soft tissue tumors may be difficult [41].

(Psammomatous) Melanotic schwannomas 
are characterized by a strong melanocytic differ-
entiation of the Schwann cells. Schwann cells 
and melanocytes share a common precursor stem 
cell derived from the neural crest, hence this dif-
ferentiation [44]. Melanotic schwannomas have a 
predilection for spinal nerve roots and commonly 
arise near the midline. It has been suggested that 
they display malignant behavior with local recur-
rence after surgery [24]. Over 50 % of patients 
suffering from melanotic schwannomas develop 
Carney’s syndrome, consisting of myxomas, 
spotty pigmentation, and endocrine overactivity 
producing Cushing’s syndrome [74, 75].

Plexiform (multinodular) schwannomas con-
stitute 5 % of all schwannomas. The multinodular 
or plexiform pattern of growth may or may not be 
apparent macroscopically [24]. Only 4 % of all 
cases of this form reported in the literature 
occurred in patients with NF1; therefore, it is not 
to be considered associated with NF1 [33, 62, 
101]. Plexiform schwannomas arise in the dermis 
or subcutaneous tissues and occur predominantly 
in young adults, without sex predilection [33, 
49]. Although they can display focal nuclear 
pleomorphism and increased cellularity, cellular 
schwannomas appear to be benign lesion [76, 
101].

Microcystic (reticular) schwannomas repre-
sent a new schwannoma type, recently reported 
in ten patients. Microcystic schwannomas are 
preferentially located in the gastrointestinal sub-
mucosa or subcutaneous tissue [56].

17.2.1.4  Clinical Presentation
Small schwannomas are usually asymptomatic. 
Pain, paresthesias, muscle atrophy, or other 
symptoms can occur when the tumor reaches suf-
ficient size to compress the involved nerve or 
adjacent structures. On physical examination, 
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they can be moved from side to side, but not 
along the long axis of the nerve [38].

17.2.1.5  Imaging Characteristics

Plain Radiography
Schwannomas are usually not seen on plain radi-
ography, unless they are very large [7]. Sometimes 
they exhibit a slightly lower attenuation of the 
X-ray beam than muscle (Fig. 17.2). Pressure 

erosions on bone can be seen as widening of the 
intervertebral foramina or rib notching, espe-
cially in cellular schwannomas (Figs. 17.3 and 
17.4) [76]. A posterior mediastinal mass on a 
chest radiograph should suggest the possibility of 
a neurogenic tumor, for they account for 30 % of 
posterior mediastinal mass lesions.

Ultrasound
On ultrasound, schwannomas are usually seen as 
solid, ovoid, hypoechoic masses with posterior 
acoustic enhancement. They are often surrounded 
by a hyperechoic capsule. Schwannomas are ori-
ented along the long axis of the nerve with proxi-
mal and distal taillike formations (Fig. 17.5) They 
are usually eccentrically located in relation to the 
nerve axis and do not infiltrate adjacent tissue [7, 
36, 73, 83, 92]. Ancient schwannomas show 
marked degenerative changes, such as internal 
bleeding, fibrosis, calcification, and cystic necrotic 
alterations (Fig. 17.6) [69]. In large lesions, impres-
sive displacement of nerve fascicles and increased 
internal vascularization can be seen, making it 
sometimes difficult to rule out malignancy.

Computed Tomography
On unenhanced CT scans, schwannomas are seen 
as well-circumscribed homogeneous lesions. 
They are hypo- to isodense relative to muscle. 
However, an inhomogeneous tumor appearance 
with low-density areas is frequently seen in larger 
tumors, reflecting the histologic diversity [19, 49].

On contrast-enhanced CT scans, most schwan-
nomas become iso- or hyperdense to muscle 
(Fig. 17.7). Large schwannomas typically contain 
non-enhancing cystic or necrotic areas [19, 49].

Magnetic Resonance Imaging
Most peripheral nerve sheath tumors (PNSTs) 
share some common MR imaging characteristics 
(Table 17.2). However, none of these characteris-
tics are pathognomonic for PNSTs [82].

On T1-weighted images (T1-WI), most 
PNSTs, including schwannomas, display slightly 
higher signal intensity than muscle, which makes 
them sometimes difficult to detect. On proton 
density-WI, they are hyperintense to muscle. On 
T2-WI, signal intensity is markedly increased, 

a

b

Fig. 17.2 (a, b) Schwannoma of the right hand in a 
73-year-old man: (a) plain radiograph of the right hand 
showing a soft tissue mass between the first and second 
metacarpal. (b) Axial T1-weighted image (T1-WI) after 
gadolinium contrast injection shows a well-circumscribed 
soft tissue tumor with subtle peripheral enhancement
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resulting in a sharp contrast between the tumor 
and adjacent fat and muscle (Fig. 17.8) [1, 3, 15, 
42, 57, 71, 84, 100].

Most nerve sheath tumors are located in the 
proximity of a major nerve. Due to growth along 
the course of the affected nerve, nerve sheath 
tumors typically have a fusiform shape. Oriented 
along the long axis of the nerve sheath tumor, the 
involved nerve can be seen entering and/or 
exiting the neoplasm, resembling a tail coming 
off the tumor, hence the name of this imaging 

feature: the tail sign. This sign has proven to be 
the most important imaging feature that should 
always suggest the diagnosis of neurogenic neo-
plasm. The tail sign is usually easy to detect in 
lesions affecting large, deep nerves, but is often 
difficult or impossible to assess in superficial or 
in small lesions (Figs. 17.9, 17.10, 17.11, and 
17.12) [1, 47, 57, 65, 71, 84].

Since each neurovascular bundle is normally 
surrounded by fat, benign masses originating in 
the intermuscular space around the neurovascular 

a

b

c

Fig. 17.3 (a–c) Schwannoma of the chest wall in a 
16-year-old boy: (a) plain radiograph of the rib cage 
shows irregular scalloping (notching) of the inferior bor-
der of the left tenth rib and widening of the intercostal 
space. (b) CT scan after iodinated contrast injection shows 

a large, irregularly enhancing tumor with necrotic or cys-
tic non-enhancing cavities. (c) Coronal T1-WI after gado-
linium contrast injection shows a markedly enhancing 
tumor subjacent to the tenth rib
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bundle usually maintain a rim of fat about them 
as they slowly enlarge and remodel the surround-
ing fat plane. This rim of fat separates the tumor 
from the surrounding muscle tissue and appears 
more prominent at the tapering margins of the 
neoplasm. Known as the split-fat sign, this con-
figuration suggests a tumoral origin in the inter-
muscular space about the neurovascular bundle, 
among which PNSTs are most frequent [54]. The 
split-fat sign is best appreciated on T1-WI as a 
hyperintense rim of fat. It is most seen in benign 

PNSTs and lesions of large nerves (Figs. 17.11 
and 17.12). In malignant PNSTs, the rim of fat is 
typically incomplete, reflecting their infiltrative 
growth pattern [1, 54, 55, 57, 65, 67, 71, 103].

The target sign consists of low-to- intermediate 
signal intensity centrally with a ring of high signal 
intensity peripherally on T2-WI. Pathologically, 
this corresponds to fibrous tissue centrally and 
more myxoid tissue peripherally. Rarely, a 
reverse pattern of target appearance on T1-WI is 
seen, with central hyperintensity and peripheral 

a b

Fig. 17.4 (a, b) Schwannoma of the left intervertebral 
foramen L5–S1 in a 53-year-old male: (a) axial T1-WI 
shows a dumbbell-shaped lesion which causes erosion of 
the body of L5 and the left facet joint, resulting in widen-

ing of the left intervertebral foramen. (b) On the axial 
T1-WI after gadolinium contrast injection, the schwan-
noma shows diffuse enhancement

Fig. 17.5 (a–e) Cellular schwannoma of the left upper 
leg in a 52-year-old male: (a) axial T1-WI shows an isoin-
tense mass in the biceps femoris muscle which is partially 
surrounded by a thin fat rim (split-fat sign, arrows). (b) 
On coronal FS T2-WI, the lesion is hyperintense, display-
ing a fusiform shape with an entering and exiting nerve 
(tail sign, arrows). (c) Axial diffusion-weighted image 
(DWI) shows high signal intensity, which is indicative of 
restricted diffusion. (d) On the axial apparent diffusion 

coefficient (ADC) map, the lesion displays low signal 
intensity, confirming diffusion restriction. Although diffu-
sion restriction may suggest a malignant peripheral nerve 
sheath tumors (MPNSTs), it can also be seen in benign 
cellular schwannomas. (e) Longitudinal ultrasound shows 
a hypoechoic well-circumscribed mass and also illustrates 
the tail sign (white arrows indicating entering and exiting 
nerve) and hyperechogenic rim of fat separating the tumor 
from the surrounding muscle
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hypointensity. Cutaneous PNSTs are less likely 
than deeper lesions to demonstrate the target sign. 
Initially considered pathognomonic for neurofi-
bromas, the target sign has also been observed 
in schwannomas, and, rarely, malignant PNSTs 
(Fig. 17.8) [42, 47, 55, 57, 65, 71, 92].

The fascicular sign represents multiple small 
ringlike structures with low signal intensity on 
T2-WI, corresponding to the fascicular bundles 
seen in neurogenic neoplasms. The fascicular 
sign is best appreciated if the tumor is surrounded 
by fat. It is slightly more common in schwanno-
mas than in neurofibromas, while it is not seen in 
malignant PNSTs (Fig. 17.11) [3, 42, 54, 55, 57].

Nerve sheath tumors may induce muscle 
denervation changes, including increased fat con-
tent or decreased muscle size. These changes 
may be quite subtle and may require comparison 
with the normal contralateral side. Muscle dener-
vation changes are best seen on T1-WI. Other 
abnormalities of the supplied muscles, including 
edematous appearance, may also be seen on 
T2-WI [1, 84].

The following paragraph and Table 17.4 high-
light the most useful MR imaging features in the 
differentiation between neurofibromas and 
schwannomas (Table 17.4).

a b

Fig. 17.6 (a, b) Ancient schwannoma of the left upper 
arm in a 24-year-old male: (a) axial T2-WI shows a het-
erogeneous mass of intermediate signal intensity and 

some well-circumscribed zones of high signal intensity. 
(b) Ultrasound shows a hypoechoic mass with intrale-
sional nodular cystic components

Fig. 17.7 Nerve sheath tumor in the abdominal wall in a 
31-year-old female with neurofibromatosis type 2 (NF2): 
axial contrast-enhanced CT-image shows a well- 
circumscribed lesion which enhances slightly heteroge-
neous, displaying a density similar to muscle

Table 17.2 Imaging findings suggestive of neurogenic 
tumors

Location in the region of a nerve

Fusiform shape

Tail sign: entering and/or exiting nerve

Split-fat sign (T1-weighted images)

Target sign (T2-weighted images)

Fascicular sign (T2-weighted images)

Muscle atrophy/fatty replacement/edema
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The fascicular sign is more frequently seen 
in schwannomas, while the target sign is more 
suggestive of neurofibromas. Schwannomas 
tend to eccentrically displace the affected 
nerve, while in neurofibromas, the tumor is inti-
mately intermixed with the nerve fascicles [36, 
57, 65, 92]. However, in many situations, this 
distinction is not possible because both lesions 
often have a deep location within the epineu-
rium and similar imaging characteristics rela-
tive to the parent nerve [42]. This parameter 

seems to be more reliable for discrimination 
between lesions in larger peripheral nerves. For 
all practical purposes, however, visualization of 
a nerve eccentrically entering a mass must be 
considered strongly suggestive of a schwan-
noma [92].

Schwannomas are more frequently encapsu-
lated by epineurium than neurofibromas and 
malignant PNSTs. Encapsulation is visualized on 
MRI as a low signal intensity rim surrounding the 
tumor on T1- and T2-weighed images [65, 71]. In 

a

c

b

Fig. 17.8 (a–c) Schwannoma of the anteromedial side of 
the right knee in a 58-year-old male: (a) axial FS T1-WI 
shows that the lesion is slightly more intense than subcu-
taneous fat. (b) On axial FS T2-WI, a target appearance 
with central hypointensity and a peripheral high signal 
intensity rim can be seen (target sign). (c) Axial FS T1-WI 

after gadolinium contrast shows central enhancement. 
Although the target sign and central enhancement are 
more commonly seen in neurofibromas, there is a lot of 
overlap and schwannomas may have the same signal char-
acteristics and contrast enhancement pattern
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large schwannomas however, this finding may be 
difficult to appreciate since large tumors may 
make the capsule very thin [103].

Schwannomas have been reported to be more 
frequently associated with diffuse enhancement 
after gadolinium contrast administration, while 

neurofibromas might be more commonly associ-
ated with central enhancement after contrast 
(Fig. 17.4) [42]. However, this parameter must be 
evaluated with caution because of some incon-
stancy and contradictory results related by differ-
ent reports [14, 24, 42, 55, 67]. Indeed, a recent 

a

c d

b

Fig. 17.9 (a–d) Ancient schwannoma of the right calf in 
a 60-year-old male: (a) coronal FS T2-WI shows the 
fusiform- shaped lesion to be located along the tibial 
nerve. An entering and exiting nerve can be seen (tail sign, 
arrows). These features are suggestive of a neural origin. 
(b) On coronal FS T1-WI, the lesion shows diffuse con-
trast enhancement. Only a small central zone shows no 

enhancement, compatible with central cyst formation or 
necrosis. (c) On the axial DWI, the schwannoma shows 
restricted diffusion. (d) On the axial ADC map, the lesion 
shows a low signal peripherally and a high signal cen-
trally, in keeping with central cyst formation, which is 
often seen in long-standing (ancient) schwannomas
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a b

Fig. 17.10 (a, b) Ancient schwannoma of the right upper 
arm in a 76-year-old female: (a) sagittal T1-WI shows a 
heterogeneous, fusiform-shaped lesion. An entering and 
exiting nerve can be seen (tail sign, arrows). The lesion is 

separated from the triceps muscle by a layer of fat (split-
fat sign). (b) Coronal FS T2-WI shows internal cyst for-
mation. Again, the fusiform shape and the tail sign 
(arrows) can be seen

a b c

d e f

Fig. 17.11 (a–e) Schwannoma at the flexor surface of 
the left lower leg in a 41-year-old woman: (a) US 
shows a sharply defined, homogeneously hyporeflec-
tive tumor with a fusiform shape and an entering and 
exiting nerve (tail sign). (b) Axial T1-WI shows a well-
delineated, homogeneous mass, which is isointense to 
the adjacent muscles. (c) On axial T2-WI, the tumor 

has a high signal intensity. Individual nerve fascicles 
can be seen (fascicular sign). (d) Axial T1-WI after 
gadolinium contrast injection shows homogeneous 
enhancement. (e) Coronal T1-WI shows a fusiform 
mass displaying the tail sign and split-fat sign (f) 
Coronal T1-WI after gadolinium contrast injection 
shows homogeneous enhancement
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a

c

b

Fig. 17.12 (a–c) Neurofibroma of the left knee in a 
68-year-old male: (a) on sagittal T1-WI, the lesion is 
isointense to the surrounding gastrocnemius muscle. Note 
that the lesion is partially surrounded by a small rim of fat, 
known as the split-fat sign (arrow). The tail sign can be 
seen as well (arrowheads). (b) On sagittal FS T2-WI, the 

lesion displays a target sign, with high signal intensity 
peripherally and intermediate signal intensity peripher-
ally. (c) Sagittal FS T1-WI after gadolinium contrast 
enhancement shows diffuse intermediate enhancement 
with several irregular areas of marked enhancement
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paper reported no significant difference with 
respect to vascularization pattern (Figs. 17.8 and 
17.9) [92].

Ancient schwannomas exhibit degenerative 
changes, including internal bleeding, fibrosis, 
calcification, and cystic necrotic alterations, 
resulting in a heterogeneous appearance on MR 
imaging (Figs. 17.6 and 17.9). This is far less 
seen in neurofibromas, which most commonly 
display homogeneous signal intensity [1].

Special histologic schwannoma types can 
exhibit unique MR imaging characteristics. 
Cystic schwannomas display low signal inten-
sity on T1-WI and high signal intensity on pro-
ton density- and T2-WI. Solid, highly cellular 
tumors have intermediate signal intensity on 
T1-WI. Melanotic schwannomas show high sig-
nal intensity on T1-WI, reflecting T1-shortening 
due to the presence of melanin [44, 54, 57, 71].

17.2.2  Neurofibromas

17.2.2.1  Epidemiology
Neurofibromas represent approximately 5 % of 
benign soft tissue neoplasms [47]. There is no 
obvious predilection for any racial or ethnic group 
to develop neurofibromas, and these lesions have 
been described throughout the world [38].

Three types of neurofibromas are classically 
described: localized, diffuse, and plexiform. 
Localized neurofibromas are the most common 
type, representing approximately 90 % of these 
lesions. The vast majority of localized neurofi-
bromas are solitary and not associated with NF1 
[24]. They develop mostly between the ages of 
20 and 30. Like schwannomas, they affect both 
sexes equally [62]. Diffuse neurofibromas are an 
uncommon but distinctive type that primarily 
affects children and young adults. The majority 
of diffuse neurofibromas are isolated lesions not 
associated with NF1. Plexiform neurofibromas 
are essentially pathognomonic of NF1. 
Development of these lesions usually occurs in 
early childhood. Plexiform neurofibromas have a 
potential for malignant degeneration and are rec-
ognized as precursors for malignant PNSTs in 
NF1 patients [3].

17.2.2.2  Topography
Most localized, solitary neurofibromas are super-
ficial lesions of cutis or subcutis (Fig. 17.7) [62]. 
Neurofibromas in NF1 are relatively frequent on 
the trunk, which contrasts with the distribution of 
peripheral nerve schwannomas, which are more 
frequent in the extremities [76].

Diffuse neurofibromas demonstrate a plaque- 
like elevation of the skin with thickening of the 
entire subcutis.

Plexiform neurofibromas may involve any or 
all of the following sites: the cranial and spinal 
nerve roots and ganglia; the major nerves of the 
neck, trunk, and limbs, including the sympathetic 
system and its ganglia; and the subcutaneous 
branches of the major nerves and the visceral 
sympathetic plexuses [76]. Below the diaphragm, 
plexiform neurofibromas are typically located in 
the retroperitoneal space and paraspinal region. 
Typical retroperitoneal localizations are (bilat-
eral) parapsoatic and presacral neurofibromas. 
Less commonly, retroperitoneal neurofibromas 
are found near the celiac axis and near the origin 
of the superior mesenteric artery [6]. Involvement 
of the myenteric plexuses and mesentery of the 
gastrointestinal tract by plexiform neurofibromas 
is rare. Neurofibromas in this location cause pain, 
intestinal bleeding, and obstruction. The regional 
nerves are enlarged, and nodules of varying size 
are found, especially in Auerbach’s plexus. The 
most common site is the jejunum, followed by 
the stomach [35].

17.2.2.3  Histology
Typically, localized neurofibromas (Table 17.3) 
are benign, slowly growing, and variably encap-
sulated neoplasms [14, 38, 62]. Neurofibromas 
are intimately associated with the parent nerve, 
growing in a longitudinal fusiform manner with 
the nerve entering and exiting from the lesion. 
Surgical resection requires sacrificing the parent 
nerve because the neurofibroma cannot be sepa-
rated from the nerve fibers [22].

As opposed to schwannomas, most neurofi-
bromas are solid tumors macroscopically: areas 
of cystic degeneration, hypocellularity, and xan-
thomatous material are uncommon [76]. Neural 
axons traversing the tumor often follow a tortuous 
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course. As in schwannomas, the capacity of neu-
rofibromas for melanogenesis, although rare, has 
been well documented [38].

Plexiform neurofibroma relates to a diffuse 
enlargement and distortion of a major nerve 
trunk. Disorganized growth of nerves is noticed 
within and occasionally also outside the nerve 
trunk [62]. Multiple masses are found along the 
course of nerve bundles or trunks, with irregular 
cylindrical enlargement of the affected nerves 
[86]. Fusiform or spherical neurofibromas along 
their course can produce a moniliform effect or 
sometimes give rise to massive growths of a simi-
lar character [76].

In many neurofibromas, the peripheral zone 
contains rather myxoid tissue with high water 
content, while the central area contains more 
dense collagenous tissue [86]. This concept is 
important to understand because it is presumed to 
be the histologic correlate of the so-called target 
appearance of neurofibromas on US and MR 
imaging studies.

17.2.2.4  Clinical Presentation
Solitary neurofibromas present as relatively non- 
tender masses in the skin or subcutaneous tis-
sue. They are somewhat mobile and moderately 
firm but compressible. Isolated neurofibromas 
in the skin usually do not exhibit an associ-
ated local change in pigmentation of the skin, 
although hyper- or hypopigmentation is pos-
sible. If solitary neurofibromas occur along the 
course of a peripheral nerve, the clinical symp-

toms are usually related to a space-occupying 
lesion but can be similar to those described for 
schwannoma [38]. The clinical presentation of 
NF-associated neurofibroma will be discussed 
below (see Sect. 17.4).

17.2.2.5  Imaging Characteristics

Plain Radiography
The appearance of neurofibromas on plain radi-
ography is similar to that of schwannomas.

Ultrasound
In contrast to schwannomas, localized neurofi-
bromas are homogeneous concentric lesions that 
do not displace the fascicular elements of the 
according nerve but rather interfere with them. 
On transverse images, sometimes the target sign 
can be seen as a hyperechoic center surrounded 
by a hypoechoic rim. This correlates with the 
ultrastructure of neurofibromas with a fibrocol-
lagenous center surrounded by a myxomatous 
periphery (Fig. 17.13). Large lesions often pro-
trude beyond the surface of the nerve, without a 
clear capsule [36, 65, 73].

Computed Tomography
On unenhanced CT scans, neurofibromas mostly 
appear as hypodense lesions due to the presence 
of Schwann cells, neural elements, and adipo-
cytes [57]. Occasionally, hyperdense areas can be 
seen, which are believed to result from dense 
bands of collagen tissue produced by fibroblasts 

Table 17.3 Comparative pathology of schwannoma and neurofibroma

Schwannoma Neurofibroma

Cell type Schwann cells Schwann cells and fibroblasts

Capsule Usually encapsulated Usually nonencapsulated

Extension along nerve bundle Focal Infiltrative growth

Tumor shape Round or fusiform Fusiform

Tumor topography Eccentric tumor Central tumor

Displacing tissue along nerve axis Separates tissue

Intratumoral cysts Common Rare

Intratumoral necrosis Common Rare

Intratumoral hemorrhage Common Rare

Malignant degeneration Very rare More frequent

Blood supply Thickened arteries, prominent 
veins

No thickened arteries, no prominent 
veins
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a b

c d
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Fig. 17.13 (a–f) Neurofibroma of the cutaneous tributary 
of the left superficial fibular nerve in a 14-year-old boy: 
(a) axial ultrasound image 8 cm proximal to the left fibu-
lar malleolus shows a well-circumscribed anechoic mass. 
(b) CT scan after iodinated contrast injection, proximal 
to the left ankle joint, confirmed the mass lesion in the 
subcutaneous fat next to the extensor digitorum longus 
muscle. The central part of the lesion shows a slightly 
higher density than the peripheral rim (target appearance). 

(c) T2-WI 7 cm proximal to the ankle joints confirms the 
target appearance, with a central area of moderately high 
signal intensity surrounded by a rim of extremely high 
signal intensity. (d) On axial T2-WI 3 cm proximal to the 
ankle joints, there is bifurcation in the inferior part of the 
lesion. (e) Coronal T1-WI shows the tumor to be isoin-
tense relative to muscle. (f) On coronal T1-WI after gado-
linium contrast injection, there is central tumor 
enhancement
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[49]. On enhanced CT scans, neurofibromas usu-
ally show little or no contrast uptake (Fig. 17.7).

Magnetic Resonance Imaging
Most neurofibromas share several imaging fea-
tures with other PNSTs (Table 20.1) [1, 3, 42, 57, 
71, 84, 100].

MRI is useful for the differentiation of neuro-
fibromas and schwannomas. However, no single 
MR imaging finding or combination of find-
ings allows a definitive differentiation between 
schwannomas and neurofibroma (Figs. 17.12 and 
17.13) (Table 17.4) [1].

Special histologic neurofibroma types exhibit 
unique MR imaging characteristics.

Diffuse neurofibromas demonstrate similar 
signal and enhancement characteristics as soli-
tary ones, but they are often ill-defined and spread 
extensively along connective tissue septa and 
between adipose tissue. Diffuse neurofibromas 

typically involve the subcutaneous tissue down to 
the level of the fascia [15].

Plexiform neurofibromas appear as multinod-
ular lesions and involve multiple nerve branches, 
creating a serpentine “bag-of-worms” configura-
tion (Fig. 17.14) [1]. Depending on their loca-
tion, plexiform neurofibromas can be deep, 
superficial, or a combination of both [57]. 
Superficial neurofibromas can mimic venous 
malformations on MR imaging, and MR angiog-
raphy or Doppler ultrasound evaluation may be 
needed for further differentiation [3, 84].

17.2.3  Other Benign Nerve Sheath 
Tumors

17.2.3.1  Perineurioma
Perineuriomas are rare, benign, slow-growing 
lesions of which the prevalence may be 

Table 17.4 Imaging characteristics of peripheral nerve sheath tumors (PNSTs)

Schwannoma Neurofibroma MPNST

CT characteristics

Non-enhanced Hypodense Hypodense Hypodense

Contrast-enhanced Diffuse enhancement (unless 
necrotic or cystic areas)

Central enhancement Marked peripheral 
enhancement

MRI characteristics

T1-WI Hypointense Hypointense Nonhomogeneous, overall 
hypointense

T2-WI Hyperintense Hyperintense Nonhomogeneous, overall 
hyperintense

Target sign (uncommon) Target sign (common) Target sign (rare)

Fascicular sign (common) Fascicular sign 
(uncommon)

Fascicular sign (rare)

Gadolinium 
contrast- enhanced 
T1-WI

Diffuse enhancement (unless 
necrotic or cystic areas)

Central enhancement Marked nonhomogeneous 
enhancement

Dynamic 
enhancement pattern

Usually delayed Usually delayed Usually early arterial

Diffusion-based 
imaging

High minimum ADC 
(>1.1 × 10−3 mm/s2)
Tractography: nerve tracts 
near-normal or partially 
disrupted

High minimum ADC 
(>1.1 × 10−3mm/s2)
Tractography: nerve 
tracts near-normal or 
partially disrupted

Low minimum ADC 
(>1.1 × 10−3mm/s2)
Tractography: nerve tracts 
partially or completely 
disrupted

MR spectroscopy Trimethylamine fraction 
usually <50 %

Trimethylamine fraction 
usually <50%

Trimethylamine fraction 
usually >50%

18F-FDG PET/CT characteristics

SUVmax Low (2–3) Low (2–3) Increased (3–4)

N. De Vos et al.
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underestimated [66, 72]. They mainly manifest 
during childhood and young adulthood [9, 61]. 
Perineuriomas have no association with neurofi-
bromatosis [60].

Perineuriomas are traditionally classified into 
intraneural and extraneural perineuriomas. The 
most common localization of intraneural perineu-
riomas is the sciatic nerve or its branches (21–
47 %), followed by the ulnar, radial (12–17 %), 
and median nerves (6–11 %) [9, 61]. Extraneural 
perineuriomas most commonly present as painless 
nodules in the soft tissues and skin. In this chap-
ter, we will focus on intraneural perineuriomas.

Perineuriomas are composed exclusively of 
neoplastic perineurial cells that demonstrate 
ultrastructural and immunohistochemical fea-
tures similar to those of their healthy counter-
parts. Arranged in concentric layers around the 
central axon and Schwann cells, perineuriomas 
create an onion-bulb appearance on transverse 
histologic sections [9, 60].

In initial reports, most authors described peri-
neuriomas as reactive or inflammatory processes 
probably related to trauma, hence the misleading 
historical names of this entity, including intersti-
tial hypertrophic neuritis, localized hypertrophic 
neuropathy, and hypertrophic neurofibrosis [72].

Clinically, perineuriomas manifest as a slowly 
progressive or static mononeuropathy that 

includes extremity weakness, denervation signs 
on electromyography, and consequent muscle 
atrophy [9, 61, 72].

On cross-sectional ultrasound imaging, nerves 
affected by perineuriomas are markedly enlarged 
and contain large, thickened hypoechogenic fas-
cicles [69].

On MR imaging, the affected nerve features 
low-to-intermediate signal intensity on T1-WI, 
heterogeneous high signal intensity on T2-WI, 
as well as avid contrast enhancement. There is 
gradual increase of the caliber of the nerve 
proximally, followed by gradual taper distally 
[3, 84, 93]. On axial and longitudinal MR neu-
rography (MRN) images, the fascicular archi-
tecture is typically maintained, with the 
individual fascicles exhibiting uniform enlarge-
ment, resulting in a honeycomb appearance 
[51]. Common associated findings include 
denervation edema, atrophy, and fatty degenera-
tion of dependent muscle groups [100]. The 
affected nerve shows increased apparent diffu-
sion coefficient (ADC) and low fractional 
anisotropy (FA) values [63]. Although the imag-
ing appearance can mimic other  neurogenic 
benign neoplasms, a diagnosis is suggested by 
the combination of slowly progressive mono-
neuropathy, the patient’s young age, and a lack 
of known tumor syndrome (Fig. 17.15).

a b

Fig. 17.14 (a, b) Plexiform neurofibroma of the right 
upper arm in a 3-year-old girl with neurofibromatosis type 
1 (NF1): (a) coronal FS T2-WI shows a multinodular 
lesion resembling a “bag-of-worms.” Multiple target signs 

can be seen (low signal intensity centrally and high signal 
intensity peripherally). (b) On axial FS T1-WI after gado-
linium contrast, a multinodular mass with central enhance-
ment can be seen
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a b

c

Fig. 17.15 (a–c) Myxoid perineurioma of the right upper 
leg in a 54-year-old female: (a) coronal FS T2-WI shows 
a fusiform hyperintense mass. (b) Axial FS T1-WI after 

gadolinium contrast injection shows minor peripheral 
enhancement (arrows). These findings are indicative of a 
myxoid nature. (c) DWI shows restricted diffusion
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17.2.3.2  Granular Cell Tumors
Granular cell tumors (GCTs), also known as 
Abrikossoff tumors, are benign tumors with neu-
roectodermal differentiation. They are composed 
of large cells with eosinophilic, distinctively 
granular cytoplasm [32].

Benign GCTs most frequently occur in adults 
in the fourth to sixth decade of life. They are 
more prevalent in males than females (ratio 
2–3:1) and in African-Americans [50].

Benign GCTs may arise in virtually any site. 
They are most commonly located in the head and 
neck, including the tongue. The breast, chest 
wall, and proximal extremities may also be 
involved. Benign GCTs usually affect the skin or 
subcutaneous tissue, but visceral involvement of 
the gastrointestinal and respiratory tract may 
occur too. A deep intramuscular location is rare 
and is usually closely associated to small-to- 
medium-sized nerves [50, 53].

While most benign GCTs are solitary, up to 
10 % are multifocal and may arise in association 
with Noonan syndrome. Multifocal benign GCTs 
can be regional or involve multiple organ sites [81].

MR imaging characteristics of benign GCTs 
are nonspecific and analogous to these of other 
benign PNSTs [8, 89, 93] (Table 17.2).

Malignant GCTs have been shown to have 
intermediate-to-low signal intensity on T1-WI 
and T2-WI [88, 89]. Other features suggestive of 
malignant GTC are invasion of adjacent struc-
tures, size larger than 4 cm, and association with 
major nerve trunks [8].

17.2.3.3  Hybrid Nerve Sheath Tumors
Hybrid nerve sheath tumors are uncommon 
benign PNSTs with combined features of more 
than one conventional tumor type (neurofibroma, 
schwannoma, perineurioma) [74].

The most common example is hybrid schwan-
noma/perineurioma, with around 50 cases 
reported so far. Hybrid schwannoma/perineurio-
mas have no association with neurofibromatosis 
and seem to rarely recur [39].

A rare type of hybrid nerve sheath tumor is the 
hybrid neurofibroma/schwannoma, of which 
only about ten cases have been reported [30]. As 
these tumors may occur in neurofibromatosis 

type 1 and type 2 and especially schwannomato-
sis, recognition of these tumors as a separate 
PNST entity could have important implications 
for the diagnostic criteria of these neurocutane-
ous syndromes [37].

17.2.3.4  Benign Triton Tumors
Benign triton tumors (also referred to as neuro-
muscular hamartomas, neuromuscular choristo-
mas, or nerve rhabdomyomas) typically present in 
infancy or childhood. They are most frequently 
located around large peripheral nerve trunks such 
as the sciatic nerve or brachial plexus. They rarely 
present as intracranial lesion originating from the 
trigeminal or facial nerve [13, 90]. Histologically, 
benign triton tumors are characterized by a con-
glomeration of differentiated skeletal muscle, 
nerve fibers, and dense fibrous bands [32].

On MRI, benign triton tumors appear hypoin-
tense on T1-WI and profoundly hyperintense on 
T2-WI. They demonstrate mild, fairly homoge-
neous enhancement after administration of gado-
linium. Occasionally, a cystic component can be 
identified [13].

17.2.3.5  Dermal Nerve Sheath 
Myxomas

Dermal nerve sheath myxomas (DNSMs) are 
benign PNSTs that typically arise in the skin or 
subcutis and often have a multinodular growth 
pattern. They most commonly arise in the extrem-
ities, especially the fingers. DNSMs are com-
posed of small, spindled Schwann cells embedded 
in a myxoid matrix. Although DNSMs have often 
been referred to as myxoid variants of neurothek-
eomas, there is compelling evidence that these 
tumors differ clinically and biologically [32].

17.2.3.6  Solitary Circumscribed 
Neuromas

Solitary circumscribed neuromas (SCNs) are 
benign PNSTs composed of Schwann cells, 
axons, and perineurial fibroblasts [32]. They 
most commonly occur in the fourth to seventh 
decades of life. The skin of the head and neck and 
the oral mucosa are the principal sites of involve-
ment, with less than 10 % of tumors occurring on 
the trunk, extremities, and glans penis [46].
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17.2.3.7  Ectopic Meningiomas
Ectopic meningiomas are meningothelial neo-
plasms occurring entirely outside the intracranial 
and intraspinal anatomical regions that normally 
contain meningothelial cells [32].

Ectopic meningiomas can occur at any age, 
with bimodal peaks occurring in the second and 
the fifth to seventh decades of life. There is a 
slight female predominance [52].

More than 90 % of ectopic meningiomas pres-
ent in the head and neck region, especially the 
skull, sinonasal tract, oropharynx, middle ear, 
scalp, parotid gland, and neck. By definition, an 
intracranial or intraspinal component must be 
carefully excluded [32].

17.2.3.8  Nasal Glial Heterotopia
Nasal glial heterotopia (NGH) is a mass of mature 
heterotopic neuroglial tissue, isolated from the 
cranial cavity, most often presenting in and 
around the nose [32].

Most patients present as newborns, with 
>90 % of cases diagnosed by age 2 years [87]. 
Rare cases are reported in adults [70].

Extranasal NGH presents as a smooth non-
compressible subcutaneous mass usually over the 
dorsum of the nose. Intranasal NGH presents 
with nasal obstruction or nasal deformity [70]. 
NGH may also occur at other sites such as the 
paranasal sinuses, nasopharynx, pharynx, tongue, 
palate, tonsil, and orbit. It is then sometimes 
referred to as facial glioma [4].

NGH is a nonencapsulated lesion. It is com-
posed of variably sized islands of glial tissue 
separated by bands of vascularized fibrous con-
nective tissue. The glial tissue may merge with 
the collagen, sometimes obscuring the diagnosis. 
Astrocyte enlargement or multinucleation may 
occasionally be seen. Neurons are rare or absent. 
Mitoses are absent [70].

17.3  Malignant Peripheral Nerve 
Sheath Tumors

17.3.1  Epidemiology

Malignant peripheral nerve sheath tumors 
(MPNSTs) represent about 8 % of all malignant 

soft tissue tumors [65]. The mean age of incidence 
of MPNSTs is 42 years, with 80 % of all cases 
occurring between the ages of 17 and 70 [47]. In 
sporadic cases of MPNSTs, the sex ratio is approx-
imately equal, whereas in the setting of NF1, 
MPNSTs are four times more frequent in men than 
in women. Although up to 50 % of MPNSTs occur 
in association with NF1, only 10 % of patients with 
NF1 develop MPNSTs [38, 62].

MPNSTs can also develop as a possible 
delayed sequela of radiation therapy. One study 
showed 11 % of all MPNSTs to be postradiation 
sarcomas, with the mean latency period ranging 
from 5 to 40 years [21].

17.3.2  Topography

MPNSTs have a propensity to occur in the proxi-
mal limbs and trunk. They typically affect the 
large nerves of the neck and proximal extremities 
(including the sciatic nerve, brachial plexus, and 
sacral plexus), as well as the retroperitoneum, 
mediastinum, and viscera (Fig. 17.16) [62].

17.3.3  Histology

MPNSTs are malignant neoplasms of nerve 
sheath origin that locally infiltrate and also 
metastasize. They can develop in an unaltered 
nerve or in a preexisting neurofibroma. It is esti-
mated that between 5 and 13 % of neurofibromas 
in NF1 eventually become malignant. Conversely, 
malignant transformation of schwannomas is 
extremely rare [38].

MPNSTs are microscopically well circum-
scribed to multinodular masses with fascicles 
resembling fibrosarcoma. The alternation of 
sharply demarcated hypercellular and  hypocellular 
zones causes a marbled appearance. Areas of 
tumor necrosis are common. Divergent differen-
tiation is frequently seen, leading to heterologous 
elements such as bone, cartilage, skeletal muscle 
(rhabdomyoblastic), and epithelium (glandular or 
squamous). MPNSTs with rhabdomyoblastic dif-
ferentiation are also named malignant triton 
tumors [21, 24, 65, 102]. These neoplasms are not 
infrequently associated with NF1 [97].
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17.3.4  Clinical Presentation

Like other sarcomas, MPNSTs present as enlarg-
ing masses that are usually noted several months 
before the diagnosis is made. Symptoms rarely 
antedate the detection of a mass.

Clinical manifestations of sarcomatous degen-
eration of a neurofibroma are not specific. Though 
pain can herald malignancy, it is also a very com-
mon feature of benign neurofibromas. Therefore, 
the presence of pain cannot be used as an indica-
tor of malignancy. MPNSTs originating from 
major nerves can also cause other symptoms of 
sensory or motor nerve deficit, such as paresthe-
sias and weakness [21].

Sudden enlargement of a preexisting neurofi-
broma in the setting of NF1 should be regarded 
with great suspicion of malignant transformation 
and lead to immediate diagnostic imaging. When 
imaging findings indicate an aggressive lesion, 
biopsy should be performed to exclude malig-
nant transformation [62]. As a general rule, 
biopsy must not be performed without the bene-
fit of prior imaging studies. The tumor carries a 
higher mortality when it occurs in patients with 
NF1, with a poor 5-year survival rate of 15–30 %, 
compared to 75 % for the solitary form [24].

The aggressive nature of MPNSTs is evi-
denced by their tendency to local recurrence after 
resection. Metastasis, accounting for most of the 
disease-associated mortality, usually ensues 
within 2 years of initial diagnosis and is most 
common in the lungs, followed by other sites 
such as the liver, subcutis, and bone [62].

17.3.5  Imaging Characteristics

17.3.5.1  Plain Radiography
Radiological findings of bone erosion and 
destruction do not necessarily imply that the 
tumor is malignant, as they can also occur with 
benign nerve sheath tumors [76]. However, when 
osseous changes are seen in a patient with NF1, 
immediate further investigation is needed because 
of the known propensity of these patients to 
develop MPNSTs.

17.3.5.2  Ultrasound
On ultrasound, small MPNSTs often present as 
inhomogeneous, hypoechoic, fusiform masses 
connected with a peripheral nerve. While some 
lesions show a pseudocapsule consisting of irreg-
ularly thickened segments of the hyperechoic 

a b

Fig. 17.16 (a, b) Presacral MPNST in a 57-year-old 
man: (a) sagittal T2-WI shows a mushroom-shaped tumor 
with a stalk extending from the right S1–S2 intervertebral 
foramen into the presacral space. Tumor architecture and 
signal intensity are highly heterogeneous. (b) Sagittal 

T1-WI after gadolinium contrast injection shows mild 
enhancement and confirms the heterogeneity. The tumor 
flattens the bladder, displacing the bladder anteriorly, 
resulting in a “layering phenomenon”
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outer nerve sheath, others present a poor outer 
margin. The growth along the course of the 
affected nerve is similar to benign PNSTs. With 
increasing size, the heterogeneity becomes more 
evident, and areas of heterotopic tissue – such as 
hypoechoic cartilage, hyperechoic bone forma-
tion, or (pseudo) glandular tissue – may be found. 
Duplex ultrasound usually shows a sarcoma-type 
anarchic hypervascularization pattern. Such neo- 
angiogenic arteries show high-velocity duplex 
spectra with different flow velocities and spectral 
wave forms in different tumor areas. Resistance 
indices may be rather low, implying arteriove-
nous shunt vessels. Very typical for MPNSTs are 
corkscrew-like neovessels. These are often found 
entering the MPNSTs from the proximal or distal 
tumor-pole [36, 57, 73].

17.3.5.3  Magnetic Resonance 
Imaging

Conventional Anatomical MR Imaging
On conventional anatomical MR imaging, most 
malignant PNSTs share several imaging features 
with benign PNSTs (Table 17.2). On T1-WI, they 
are usually isointense to muscle, although in 
some cases areas of hyperintensity can be seen, a 
feature which corresponds to hemorrhage and is 
strongly indicative of malignancy. On T2-WI, 
malignant PNSTs appear heterogeneous and fea-
ture high signal intensity. Heterogeneity, how-
ever, must be regarded with caution on 
differentiation of benign from malignant PNSTs, 
because benign ancient schwannomas may fre-
quently present with internal cystic changes and 
calcifications, resulting in a heterogeneous aspect 
[1]. MPNSTs typically lack the target sign and 
fascicular sign [16, 84]. They tend to display 
irregular shape and indistinct margins as a result 
of their more infiltrative growth pattern.

Additional features, which are considered 
highly suspicious of MPNST, include large size 
(>5 cm), peripheral contrast enhancement pat-
tern, intratumoral cystic changes, lack of encap-
sulation, and invasion of fat planes or neighboring 
structures (Figs. 17.17, 17.18, and 17.19).

Heterogeneous and predominantly peripheral 
enhancement is more suggestive of malignant 

PNSTs, while central enhancement is a more spe-
cific finding of benign PNSTs [96].

In contrast to benign PNSTs, malignant 
PNSTs are extremely rarely encapsulated by epi-
neurium [65, 71]. In large schwannomas, encap-
sulation may be difficult to appreciate since large 
tumors may make the capsule very thin [103]. 
Moreover, fast-growing malignancies may exert 
pressure against adjacent structures, forming a 
pseudocapsule consisting of compressed fibrous 
and connective tissue, normal tissue, vascular-
ized tissue, and inflammatory tissue [94, 103].

The split-fat sign, which is seen in most 
benign PNSTs, is typically incomplete in most 
malignant PNSTs, reflecting their infiltrative 
growth pattern.

Once more, it should be emphasized that no 
single imaging feature or combination of features 
can reliably distinguish malignant from benign 
PNSTs [1]. Benign plexiform neurofibromas can 
undergo sudden enlargement and present as 
irregular, lobulated, infiltrating mass lesions. Any 
tumor of greater dimension can undergo necrosis 
and hemorrhage. Tumors that were seen as homo-
geneous and circumscribed masses on medical 
imaging have been found to be malignant PNSTs 
on histology. This problem is especially difficult 
when assessing neural masses in patients known 
to have NF1; a considerable number of these 
patients will develop a malignant PNST within a 
latency period of 10 to as many as 20 years [23].

Functional MR Imaging
The addition of functional MR imaging 
sequences, including diffusion-weighted imaging 
(DWI) and dynamic contrast-enhanced (DCE) 
MR imaging, to conventional MR imaging has 
recently been suggested as a useful approach to 
the assessment of PNSTs [25, 68].

Apparent diffusion coefficient (ADC) map-
ping allows for a semiquantitative analysis of 
DWI. ADC values of malignant PNSTs tend to 
be lower than those of benign PNSTs due to 
restricted diffusion secondary to increased cellu-
larity [16, 20]. Due to the heterogeneity in cellu-
larity present within both benign and malignant 
PNSTs, minimum ADC values appear to be bet-
ter predictors of malignancy than average ADC 
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a b

Fig. 17.17 (a, b) MPNST of the face in a 31-year-old 
female with NF2: (a) sagittal T2-WI shows a well- 
circumscribed mass displaying a target sign (high SI 
peripherally, intermediate SI centrally) (arrowhead). Also 

note a multilobulated mass in the major foramen (arrow). 
(b) Axial T1-WI after gadolinium contrast enhancement 
shows heterogeneous contrast enhancement (arrowhead)

a b

c

Fig. 17.18 (a–c) Parapsoas MPNST in a 54-year-old 
woman: (a) axial T1 WI shows the tumor to arise from the 
right intervertebral L1–L2 foramen. (b) On axial T2-WI, 

the tumor is markedly heterogeneous with different signal 
intensity components. (c) Coronal T1-WI after gadolin-
ium contrast injection shows heterogeneous enhancement
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values. However, benign PNSTs displaying high 
cellularity, including cellular schwannomas, can 
also generate low minimum ADC values 
(Fig. 17.9) [20, 84].

Most authors who study diffusion actually 
concentrate on diffusion tensor imaging (DTI) 
and tractography, an MRI technique used to pro-
duce an in vivo reconstruction of the path of neu-
ronal fibers based on their anisotropism [68]. 
Benign PNSTs tend to show partial tract disrup-
tion or near-normal appearance, while malignant 
PNSTs can induce partial and complete disrup-
tion of tracts. However, complete tract disruption 
can also be seen in degenerated schwannomas 
and plexiform neurofibromas [17]. Preoperative 
MR tractography allows the surgeon to inform 
the patient on the predicted extent of resection 

and the possible compromise of nerve function 
and to better plan out the operative approach to 
safely and effectively proceed with the resection 
[12, 80, 83].

Fraction anisotropy (FA) allows for semiquan-
titative analysis of DTI and correlates with axo-
nal and myelin sheath integrity. FA correlates 
with axonal and myelin sheath integrity. In 
peripheral nerves, FA values range between 0.3 
and 0.7, with minimal side-to-side variations. 
Several studies have showed that FA values of 
nerves affected by PNSTs are significantly lower 
than those of unaffected contralateral nerves [17].

With DCE MR imaging, malignant PNSTs 
more often demonstrate early arterial contrast 
enhancement than benign PNSTs (50 % vs. 
11 %) [20].

a b

c

d

Fig. 17.19 (a–d) MPNST in the left ischiorectal fossa in 
a 45-year-old man: (a) US of the left buttock shows a het-
erogeneous tumor located deep to the gluteus maximus 
muscle. Hypoechoic foci presumably reflect necrosis. (b) 
CT scan of the pelvis after iodinated contrast injection 

confirms US findings. (c) Coronal T1-WI after gadolin-
ium contrast injection shows peripheral enhancement, 
whereas the central necrotic portions do not enhance. (d) 
Chest radiograph, 10 months later, shows multiple lung 
metastases
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Metabolic MR Imaging
Metabolic MR imaging of PNSTs can be per-
formed by means of proton magnetic resonance 
spectroscopy (MRS). Detection of a signal from 
trimethylamine (TMA) and choline-containing 
compounds by proton MRS has been estab-
lished as a valuable indicator of malignant dis-
ease [27]. Although proton MRS has been used 
extensively to characterize brain tumors, far 
less has been done to evaluate musculoskeletal 
lesions and specifically PNSTs with MRS [28, 
85]. Fayad and colleagues recently studied the 
use of 3 T proton MRS for the characterization 
of PNSTs. They found that qualitative inter-
pretation of the presence or absence of a TMA 
signal appears to have high sensitivity (100 %) 
but poor specificity (50 %) for diagnosis of 
malignant disease. However, use of a quantita-
tive TMA fraction threshold of 50 % increases 
specificity to 72.2 % [29].

17.3.5.4  Nuclear Medicine
18F-FDG PET/CT has been reported to be a good 
but imperfect imaging modality for the differen-
tiation of benign neurofibromas and malignant 
PNSTs. Qualitative PET evaluation, consisting of 
visual evaluation of metabolic activity within 
lesions, has demonstrated good sensitivity (89–
100%) and specificity (72–95%) for this purpose. 
Nevertheless, an explicit set of criteria for accu-
rate visual interpretation has never been validated 
[18]. In quantitative PET evaluation, the meta-
bolic activity of the tissue is measured by means 
of the maximal standard uptake value (SUVmax). 
Throughout the years, several SUVmax cutoffs, 
ranging from 1.5 to 6.1, have been proposed to 
best detect and separate malignant from benign 
lesions in NF1 patients [10, 11, 18, 77, 79, 91, 

95]. The wide range for these quantitative uptake 
thresholds may be due to differences in 
 acquisition protocols, scanner performance, and 
analysis methods. Consequently, quantification 
must be interpreted in the context of center-spe-
cific ROC analysis [18].

Several modifications to PET acquisition and 
post-imaging analysis have been attempted to 
improve test performance, particularly by adding 
delayed PET imaging (4 h after administration of 
PET) and by normalizing lesion SUVmax to nor-
mal liver activity [18, 79, 95].

17.4  Neurofibromatoses

PNSTs represent essential clinical manifestations 
of a group of inherited genetic disorders known 
as the neurofibromatoses [75]. To date, the three 
most widely recognized types of neurofibromato-
sis are neurofibromatosis type 1 (NF1), neurofi-
bromatosis type 2 (NF2), and schwannomatosis 
[45] (Table 17.5).

17.4.1  Neurofibromatosis Type 1

NF1, formerly known as von Recklinghausen’s 
disease, is the most common neurofibromatosis 
and has a prevalence of 1/3000. NF1 has an 
 earlier age of onset than NF2 or schwannomato-
sis: by the age of 8 years, 97% of patients meet 
the diagnostic criteria for NF1 [58].

NF1 is inherited in an autosomal-dominant 
manner and 50% of cases represent new or spo-
radic mutations. The NF1 gene is located at 
17q11.2 and codes for neurofibromin, a tumor 
suppressor protein [58].

Table 17.5 Comparison of neurofibromatosis type 1, neurofibromatosis type 2, and schwannomatosis

Neurofibromatosis type 1 
(NF1)

Neurofibromatosis type 2 
(NF2) Schwannomatosis

Incidence 1:3000 1:25000–40000 1:40000–1.5 million

Inheritance Autosomal dominant
50 % new mutations

Autosomal dominant
50 % new mutations

Largely new mutations
Rarely autosomal dominant

Gene 17 22 22

Hallmark imaging finding Neurofibroma Vestibular schwannoma Peripheral schwannoma

17 Nerve Sheath Tumors



418

The diagnosis of NF1 is essentially a clinical 
one. If two or more of the following criteria are 
fulfilled, the diagnosis of NF1 can be made [64]:

 1. Six or more café au lait macules of more than 
5 mm in greatest diameter in prepubertal indi-
viduals and more than 15 mm in greatest 
diameter in postpubertal individuals

 2. Two or more neurofibromas of any type or one 
plexiform neurofibroma

 3. Freckling in the axillary or inguinal regions
 4. Optic glioma
 5. Two or more iris hamartomas (Lisch nodules)
 6. Distinctive bony lesions, such as sphenoid 

dysplasia, or thinning of the long bone cortex 
with or without pseudarthrosis

 7. A first-degree relative (parent, sibling, or off-
spring) with NF1 based on the above criteria

The hallmark imaging finding of NF1 is the 
neurofibroma. All three types of neurofibromas 
(localized, diffuse, and plexiform) can be associ-
ated with NF1 (Figs. 17.14 and 17.20). Only a 
minority of patients with localized or diffuse neu-
rofibromas are affected by NF1 [62]. In the set-
ting of NF1, localized neurofibromas tend to be 
larger, multiple, and more commonly deeply 
located [65]. Conversely, plexiform neurofibro-
mas are the hallmark lesion of NF1, although as 
an isolated finding, they are not pathognomonic 

for this condition. One-third of all patients with 
NF1 display plexiform neurofibromas [62].

Although considered benign tumors, neurofibro-
mas, particularly the plexiform variety, can be 
locally aggressive and can undergo malignant trans-
formation. Approximately 10 % of NF1 patients 
will develop malignant PNSTs, necessitating vigi-
lant surveillance [45, 58]. Due to the absence of any 
radiation exposure, whole-body MRI may be used 
for serial follow-up of individuals with plexiform 
neurofibromas. It also allows for assessment of 
local tumor extent and evaluation of whole-body 
tumor burden on T2-WI. 18F- FDG PET/CT allows 
a highly sensitive but less specific detection of 
MPNST and should be used in case of potential 
malignant transformation of a PNST [2, 78].

MPNSTs of NF1 subjects occur at an earlier 
age and display a higher incidence of necrosis/
cystic degeneration compared with MPNSTs of 
non-NF1 subjects [16]. The survival rate of 
patients with MPNST in the setting of NF1 is sig-
nificantly lower, with NF1 apparently an inde-
pendent adverse prognostic factor [62].

17.4.2  Neurofibromatosis Type 2

Neurofibromatosis type 2 (NF2) has an incidence 
between 1/25,000 and 1/40,000. Unlike NF1, 
NF2 typically presents later in childhood, with a 

a b c

Fig. 17.20 (a–c) Subcutaneous neurofibromas in a 
41-year-old woman with NF1: (a) axial T1-WI shows two 
subcutaneous nodules in the right frontal and parietal 
region. The lesions are sharply demarcated and relative 
hypointense to the subcutaneous fatty tissue. (b) On axial 
turbo spin echo T2-WI, the anterior nodule is hyperin-

tense and appears bilobed; the posterior nodule is iso- to 
hypointense, presumably reflecting fibrous cellular tissue. 
(c) On axial T1-WI after gadolinium contrast enhance-
ment, both lesions enhance, indicating vascular supply. 
Note that the underlying temporalis muscle enhances to a 
much lesser degree
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formal diagnosis not made until the age of 17–24 
years on average [59].

NF2 is inherited in an autosomal-dominant 
fashion and 50 % of cases represent new or spo-
radic mutations. The NF2 gene is found at 22q12 
and codes for the merlin protein, which acts as a 
tumor suppressor protein [59].

NF2 can be diagnosed when any of the follow-
ing clinical features are present [26]:

 (a) Bilateral vestibular schwannomas
 (b) A first-degree relative with NF2 AND

• Unilateral vestibular schwannomas OR
• Any two of meningioma, schwannomas, 

glioma, neurofibroma, and posterior sub-
capsular lenticular opacities

 (c) Unilateral vestibular schwannomas AND
• Any two of meningioma, schwannomas, 

glioma, neurofibroma, and posterior sub-
capsular lenticular opacities

 (d) Multiple meningiomas AND
• Unilateral vestibular schwannomas OR
• Any two of schwannomas, glioma, neuro-

fibroma, and cataract

The hallmark imaging finding of NF2 is the 
presence of bilateral vestibular schwannomas, a 
finding which excludes schwannomatosis. 

Variable involvement with meningiomas, epen-
dymomas, neurofibromas, and spinal and periph-
eral nerve schwannomas is also observed 
(Fig. 17.21) [45].

Unlike NF1, malignant transformation in NF2 
is very rare. Nevertheless, the propensity of NF2 
patients to develop ependymomas and the obser-
vation that NF2 patients with intracranial menin-
giomas have a 2.5-fold increase in relative risk of 
mortality compared with NF2 patients without 
intracranial meningiomas underscore the impor-
tance of vigilant surveillance [59].

17.4.3  Schwannomatosis

Schwannomatosis is a rare disorder with an 
unknown prevalence and an incidence estimated 
to be between 1/40,000 and 1/1.7 million [59]. 
The peak incidence is between 30 and 60 years of 
age. No predilection for race or sex has been 
shown [45].

The genetics of schwannomatosis are com-
plex and remain incompletely understood. 
Although schwannomatosis is largely sporadic, 
some cases of autosomal-dominant transmission 
have been observed [45]. Multiple studies have 
shown germline involvement of the SMARCB1 

a b

Fig. 17.21 (a, b) Bilateral vestibular schwannomas (par-
tially resected on the left side) and meningiomas in the 
posterior fossa in a 31-year-old female with NF2: (a) on 
axial T2-WI, the vestibular schwannomas and meningi-

oma display intermediate signal intensity compared to the 
intra-axial brain. (b) Axial T1-WI after gadolinium con-
trast injection shows marked tumor enhancement
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gene in schwannomatosis. SMARCB1 is a tumor 
suppressor gene located on chromosome 22 [40].

The hallmark imaging finding of schwanno-
matosis is the presence of multiple schwannomas 
without concomitant involvement of cranial 
nerve VIII [59].

Diagnosis requires exclusion of NF2 on clini-
cal grounds and high-quality imaging of the 
vestibular nerve [45].

To make the diagnosis of definite or possible 
schwannomatosis, the patient must not fulfill 
any of the existing sets of diagnostic criteria for 
NF2 [5]:

 1. Definite schwannomatosis
 (a) Age older than 30 years and two or more 

nonintradermal schwannomas, at least 
one with histologic confirmation

 (b) One pathologically confirmed schwan-
noma plus a first-degree relative who 
meets the above criteria

 2. Possible schwannomatosis
 (a) Age younger than 30 years and two or 

more nonintradermal schwannomas, at 
least one with histologic confirmation

 (b) Age older than 45 years and two or more 
nonintradermal schwannomas, at least 
one with histologic confirmation

 (c) Radiographic evidence of a schwannoma 
and a first-degree relative meeting the cri-
teria for definite schwannomatosis

 3. Segmental schwannomatosis
 (a) Meets criteria for either definite or possi-

ble schwannomatosis but limited to one 
limb or five or fewer contiguous segments 
of the spine.

Key Points

 1. The updated WHO classification of 
nerve sheath tumors includes several 
new benign and malignant nerve sheath 
tumor types.

 2. Imaging features suggestive for nerve 
sheath tumors include location near a 
nerve, fusiform shape, tail sign, split-fat 

sign, target sign, fascicular sign, and 
degenerative muscle changes.

 3. On imaging studies, the differential 
diagnosis between a schwannoma and a 
neurofibroma cannot be reliably made. 
MRI features suggestive of a schwan-
noma include a fascicular appearance 
on T2-weighted image and diffuse 
enhancement. Imaging findings sugges-
tive of neurofibroma include a target 
sign on T2-weighted image and central 
enhancement.

 4. Criteria that can be of help in establish-
ing the diagnosis of malignant periph-
eral nerve sheath tumors include a large 
mass (>5 cm) with mass effect, perile-
sional edema, invasion of fat planes or 
neighboring structures, intratumoral 
cystic changes, peripheral contrast 
enhancement on static contrast- 
enhanced MRI, early arterial enhance-
ment on dynamic contrast-enhanced 
MRI, minimum ADC values 
<1.1 × 10−3mm/s2 on DWI/DTI, trimeth-
ylamine fraction >50% on MRS, and 
SUVmax >3–4 on 18F-FDG PET.

 5. Nerve sheath tumors represent essential 
clinical manifestations of a group of 
inherited genetic disorders known as the 
neurofibromatoses. The three most 
widely recognized types of neurofibro-
matosis are neurofibromatosis type 1 
(NF1), neurofibromatosis type 2 (NF2), 
and schwannomatosis. Plexiform neu-
rofibromas are the hallmark lesion of 
NF1 and carry a lifetime risk of 10 % for 
malignant degeneration, necessitating 
vigilant surveillance. Due to the absence 
of any radiation exposure, whole-body 
MRI may be used for serial follow-up of 
individuals with NF1. 18F-FDG PET/
CT allows a highly sensitive but less 
specific detection of MPNST and should 
be used in case of potential malignant 
transformation of a PNST.
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18.1  Introduction

As one may expect, the lesions of unknown dif-
ferentiation constitute a very heterogeneous 
group of both neoplasms and tumorlike lesions. 
In the past, these tumors were also labeled as 
being “of uncertain origin.” In view of the knowl-
edge that these tumors do not arise from their 
normal cellular counterparts, the former classifi-
cation based on “histiogenetic” concepts was no 
longer valuable. The current classification is 
based on terms of “differentiation,” which 
depends on patterns of gene expression. For a lot 
of tumors, discussed in this chapter, the line of 
differentiation that they are recapitulating is still 
not clear. In contrast, for some other tumors, 
although the line of differentiation can be identi-
fied, the cellular counterpart cannot be identified 
in normal mesenchymal tissues. Nevertheless, 
consideration of their local growth pattern and 
clinical behavior allows further distinction 
between benign and malignant lesions, as pre-
sented below.

18.2  Classification

Tumors and tumorlike lesions of uncertain differ-
entiation are commonly classified using the 
WHO classification [54], which has become the 
gold standard. Therefore, except for some minor 
changes, the latest version of this classification is 
used throughout this chapter.

18.3  Benign Lesions

18.3.1  Intramuscular Myxoma (Incl. 
Cellular Variant)

18.3.1.1  Definition
Intramuscular myxoma is a benign tumor of 
mesenchymal origin, histologically character-
ized by the presence of abundant, avascular 
myxoid stroma in which relatively small num-
bers of stellate or spindle-shaped cells and 
reticulum fibers are embedded. The macro-
scopic appearance is rather stereotypic: most 

tumors are ovoid or rounded and have a gelati-
nous consistence. Paucity of vascular structures 
within the lesion is obvious. On macroscopic 
section, the surface has a gray–white or white 
aspect, depending on the relative amounts of 
collagen. Occasionally, the lesion contains 
multiple small fluid-filled cavities [79, 120]. 
The size of the lesion mostly ranges between 5 
and 10 cm in diameter, although quite large 
lesions with diameter surpassing 20 cm have 
been observed. An association exists between 
multiple intramuscular myxomas and fibrous 
dysplasia of the bone and is referred to as 
Mazabraud’s syndrome. In the vast majority of 
patients with Mazabraud’s syndrome, polyos-
totic fibrous dysplasia is present. Osseous 
involvement by fibrous dysplasia commonly 
occurs in the same anatomical region of the 
myxomas [79, 147, 164]. Malignant transfor-
mation of fibrous dysplasia to osteogenic sar-
coma in patients with Mazabraud’s syndrome 
has been reported in the literature [103]. 
Furthermore, the existence of a relationship 
between myxoma of the soft tissues and 
McCune–Albright syndrome (fibrous dyspla-
sia, usually polyostotic in type, café au lait 
spots, and endocrinopathy including, but not 
limited to, precocious puberty, especially in 
women) has been mentioned [63, 88].

The exact etiology is still not clear. A trau-
matic factor in the genesis is unlikely, since a his-
tory of trauma is only present in less than 25 % of 
cases. Although familial incidence is not 
increased, the occasional association with fibrous 
dysplasia of the bone raises the possibility of a 
basic metabolic error or genetic mutation of both 
tissues [126]. Therefore, soft tissue myxoma has 
been considered by some authors to be “an 
extraskeletal manifestation of fibrous dysplasia” 
[147, 161].

18.3.1.2  Incidence and Clinical 
Behavior

Occurring almost exclusively in individuals 
between the fifth and seventh decades [120], the 
tumor is rare in young persons and virtually non-
existent in children. Female patients outnumber 
male patients [106, 120, 141]. In the majority of 
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cases, the only sign is a solitary, painless mass 
that is firm and often fluctuant on palpation. At 
the time of diagnosis, most lesions measure 
5–10 cm in diameter. However, despite the large 
size, pain occurs in less than 25 % of cases. The 
rate of tumor growth is variable, and occasionally 
there is no apparent growth over a long period of 
time. There is no close relationship between the 
size and age of the lesion. The areas that are most 
frequently involved are the large muscles of the 
thigh, shoulder, buttocks, and upper arm. 
Although the majority of myxomas are solitary 
lesions, occasionally multiple myxomas are 
observed [161]. When these occur in the same 
region of the body, they are nearly always associ-
ated with fibrous dysplasia of the bone. The 
bones involved by fibrous dysplasia are usually in 
the vicinity of the myxoma [88, 164]. A long 
interval – sometimes up to 20 or 30 years – is 
observed between the appearance of the fibrous 
dysplasia, which is noted during the growth 
period, and the myxoma. This combination of 
multiple intramuscular myxomas and fibrous 
dysplasia (Mazabraud’s syndrome) has a remark-
able predilection for the right limb [161]. 
Following surgery, recurrence of intramuscular 
myxoma is rare.

18.3.1.3  Imaging

Imaging Studies Other Than MRI
As intramuscular myxomas do not contain calci-
fications, conventional radiographs are of little 
value in the diagnosis: they may be normal or 
reveal a nonspecific soft tissue mass. On CT, the 
myxoma presents as a sharply demarcated mass 
within the skeletal muscle. The attenuation of the 
lesion is intermediate between that of water and 
the muscle and ranges typically between 10 and 
60 Hounsfield units [42, 79] (Figs. 18.1, 18.2, 
18.3, 18.4 and 18.5). However, attenuation values 
close to those of fat have been reported and may 
be misleading, as they mimic a fat-containing 
neoplasm [91]. Owing to the paucity of vascular 
structures within the lesion, the myxoma presents 
as a poorly vascularized soft tissue mass sur-
rounded by well-vascularized muscle on 
angiograms.

MRI Findings
On MRI, intramuscular myxoma presents as a 
well-circumscribed, homogeneous intramuscular 
mass. Signal intensity is low (less than or equal to 
that of muscle tissue) on T1-weighted images and 
very high (brighter than fat) on T2-weighted 
images, quite similar to the signal characteristics 
of fluid [116]. In most of the cases of myxoma, 
the presence of a fat rim has been demonstrated 
corresponding to focal atrophy of the surround-
ing muscle [148]. Following the administration 
of gadolinium chelates, inhomogeneous enhance-
ment is observed. The degree of enhancement 
seems proportional to the amount of solid myx-
oid tissue and fibrous septa, which are both vari-
able in degree within the myxoma [79]. The areas 
of low signal intensity on the contrast-enhanced 
images represent cystic areas on histologic exam-
ination [128] (Figs. 18.1, 18.2, 18.3, 18.4, 18.5 
and 18.6).

18.3.1.4  Imaging Strategy
Conventional radiographs are of little value for 
the diagnosis of intramuscular myxoma. An 
exception is made in the case of patients with 
both multiple myxomas and fibrous dysplasia, 
but in these cases, conventional radiographs are 
used primarily for investigation of the bony 
lesions. Of note, Mazabraud’s syndrome should 
always be taken into account when fibrous dys-
plasia occurs with one or more soft tissue masses. 
CT – like MRI – may reveal misleading findings 
by demonstrating fat densities within a myxoma 
that suggest a lipomatous tumor (lipoma or well- 
differentiated liposarcoma). Sarcomas, particu-
larly with myxoid degeneration, may resemble 
myxomas both radiologically and histologically. 
Although MRI is the preferred imaging tech-
nique for staging, one has to admit that the MRI 
findings of intramuscular myxoma are not highly 
specific.

Synovial cysts, bursas, and ganglia, which can 
look like a myxoma, are usually juxta-articular 
and intermuscular and not intramuscular. 
Moreover, as cystic masses, they show a thin rim 
of enhancement after administration of intrave-
nous contrast agent. Neurogenic tumors (e.g., 
neurofibroma, nerve sheath tumors) are also 
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rather inter- than intramuscular, and often a so- 
called target sign is seen on T2-weighted MR 
images [117].

18.3.2  Acral Fibromyxoma

(Superficial) Acral fibromyxoma (AFM) is a very 
rare benign tumor arising in the subungual and 
periungual regions in fingers and toes of adult 
patients usually not exceeding 2 cm in diameter. 
Men are more frequently affected by the slow- 
growing and painless lesion than women (2:1). 
Histologically, AFM consists of spindled 
fibroblast- like and stellate cells surrounded by a 
myxoid and/or collagenous matrix with immuno-
reactivity for CD34, CD99, endomysial antibody 
(EMA), vimentin, and CD10. After surgical exci-
sion which is the treatment of choice, recurrence 
is rare [9, 52].

AFM has been described as being isointense 
to the muscle on T1-weighted MR images, while 
being hyperintense on T2-weighted images. This 
imaging appearance distinguishes AFM from 
giant cell tumors of the tendon sheath, which are 
predominantly hypointense on T1- and 
T2-weighted sequences. Homogeneous enhance-
ment is seen on post-contrast MRI. When located 
in deeper tissues with contact to the bone, osse-
ous erosions or scalloping can be caused [16, 
156] (Fig. 18.7).

18.3.3  Juxta-Articular Myxoma

Juxta-articular myxomas are characterized by 
depositions of myxoid material in the juxta- 
articular tissues of the knee or rarely other joints 
and occasionally with myxoid changes within the 
underlying cartilage. The term “parameniscal 

Fig. 18.1 Intramuscular myxoma at the right scapular 
region in a 68-year-old man. (a) Axial spin-echo 
T1-weighted MR image. (b) Axial spin-echo T2-weighted 
MR image. (c) Axial spin-echo T1-weighted MR image 
after gadolinium contrast injection. Large, rounded, intra-
muscular lesion at the infraspinatus fossa is visible. The 
mass is well circumscribed and homogeneous on both 

spin-echo sequences, hypointense to muscle tissue on the 
T1-weighted image, and hyperintense to fat on the 
T2-weighted image (a, b). After contrast medium injec-
tion, only a few enhancing strands are observed within the 
lesion. The major parts of the lesion do not enhance. This 
pattern of enhancement illustrates well the sparse vascu-
larization of the lesion
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Fig. 18.2 Intramuscular myxoma of the calf. (a) Axial 
spin-echo T1-weighted MR image, (b) axial STIR 
T2-weighted MR image, (c) sagittal spin-echo 
T1-weighted MR image, (d) sagittal spin-echo contrast- 
enhanced T1-weighted MR image, (e) axial spin-echo 
T1-weighted MR image with fat suppression, and (f) axial 
spin-echo T1-weighted MR image with fat suppression 
after gadolinium contrast injection. Oval-shaped mass 
within the soleus muscle is observed. The lesion is sharply 

outlined. On T1-weighted images, the lesion is hypoin-
tense to muscle tissue (a, c, e). T2-weighted images reveal 
a homogeneously hyperintense aspect of the tumor, with 
signal intensity equivalent to fluid (b). Following injection 
of contrast medium, no enhancement is observed at the 
periphery of the lesion, while the central part shows a defi-
nite enhancement (d, f). The areas of enhancement corre-
spond to regions with high amount of solid myxoid 
tissue
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cyst” refers to small types of such lesions. 
Calcification of the myxoid matrix may occur in 
older lesions [5, 159].

18.3.4  Myxoma of the Jaws

Although primarily a bone tumor, myxoma of the 
jaws (odontogenic myxoma) may manifest as a 
myxomatous swelling or mass in the soft tissues 
near the mandible or maxilla. It is characterized 
by higher cellularity and cellular pleomorphism 
than other myxomas.

Most myxomas of the jaws affect young 
adults. In its common presentation, the tumor 
overlies an osteolytic defect in the mandible and/
or maxillary bone and may displace or destroy 
the teeth, penetrate into the maxillary sinus, or 
involve soft tissues of the face.

Myxoma of the jaws is seen radiologically as 
an expansive, well-circumscribed, most often 
multilocular radiolucency within the jaw bone. 
CT is recommended for assessing the extent of 
the lesion (Fig. 18.8, former Fig. 23.9). MRI is 
superior for demonstrating the extent of soft tis-
sue involvement, but is inferior to CT for evalu-
ating the underlying bony lesion [29, 83, 86, 
99] (Figs. 18.8 and 18.9; former Figs. 23.9 and 
23.10). The tumors are usually hyperintense in 
T2-weighted MR images and show contrast 
enhancement in the peripheral areas, while the 
center does not enhance [86].

Fig. 18.3 Multiple intramuscular myxomas with polyos-
totic fibrous dysplasia of the bones of the lumbar spine, 
pelvic bones, and femur in a 35-year-old man 
(Mazabraud’s syndrome). Plain radiograph discloses mul-
tiple multilocular cyst-like lesions with a ground-glass 
appearance, separated from each other by thin septations 
within the fifth lumbar vertebra, the right pelvic bones, 
and the right femur, corresponding to fibrous dysplasia. 
These involved bones are markedly deformed. 
Endomedullary osteosynthetic material at the femur wit-
nesses the previous pathologic fracture (Courtesy of 
Trigaux JP, Nisolle JF, Cliniques Universitaires UCL de 
Mont-Godinne, Belgium)

a b

Fig. 18.4 Multiple intramuscular myxomas with polyos-
totic fibrous dysplasia of bone of the lumbar spine, pelvic 
bones, and femur in a 35-year-old man. (a) CT at the level 
of the hips. (b) CT at the level of right trochanteric region. 
CT confirms the replacement of medullary fat of the right 
ischium and femur by fibrous tissue. Expansion and thick-
ening of the overlying cortex. These findings correspond 

to fibrous dysplasia of the bone. In addition, well-delin-
eated, non-enhancing, homogeneously hypodense soft tis-
sue masses are observed within the right gluteal (a) and 
adductor (b) muscles, corresponding to intramuscular 
myxomas (Courtesy of Trigaux JP, Nisolle JF, Cliniques 
Universitaires UCL de Mont- Godinne, Belgium)
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Fig. 18.5 Multiple intramuscular myxomas with polyos-
totic fibrous dysplasia of bone of the lumbar spine, pelvic 
bones, and femur in a 35-year-old man. (a, b) Coronal 
spin-echo T1-weighted MR images at the level of the right 
femoral diaphysis (a) and gluteal muscles (b). (c–e) Axial 
spin-echo T1-weighted MR images at the level of the iliac 
wings (c), hips (d), and trochanteric regions (e). (f–h) 
Axial spin-echo T2-weighted MR images at the level of 
the iliac wings (f), hips (g), and trochanteric regions (h). 
The intramuscular myxomas appear as homogeneous, 
very low-intensity soft tissue masses within the right 
adductor (a, e) and gluteal (b, d) muscles (arrowheads). 
The areas of the right pelvic bones, right femur, and lum-
bar vertebrae that are involved by fibrous dysplasia have a 

lobular appearance with low signal intensity (arrows). On 
T2-weighted images, both myxomas are very bright, indi-
cating long T2 relaxation times of their myxoid matrix. 
The gluteal myxoma is composed of several lobules, sepa-
rated from each other by low-intensity septations. The 
areas involved by fibrous dysplasia of the bone are best 
observed at the level of the right iliac wing. Due to cystic 
degeneration, these areas appear extremely bright on 
T2-weighted images. Artifacts are observed on all images 
in the right hip region. These are due to magnetic field 
inhomogeneity, which is caused by the metallic hip pros-
thesis (Courtesy of Trigaux JP, Nisolle JF, Cliniques 
Universitaires UCL de Mont- Godinne, Belgium)

a b

c d

e f
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a b

c d

Fig. 18.6 Intramuscular myxoma in the autochthonous 
back muscles. (a) Axial CT-scan. (b) Axial T1-weighted 
MR image. (c) Axial T2-weighted MR image. (d) Axial 
T1-weighted MR image after gadolinium contrast injec-
tion. On CT, the myxoma presents as a well-demarcated 

lesion within the skeletal musculature with an intermediate 
attenuation (i.e., between that of water and muscle tissue) 
(a). Typically, one can see hypointensity on T1-weighted 
images (b), very high intensity on T2-weighted images (c), 
as well as inhomogeneous contrast enhancement

g h

Fig. 18.5 (continued)
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Fig. 18.7 Acral fibromyxoma (Used with permission 
from Varikatt et al. [156])

a b

Fig. 18.8 Myxofibroma of the jaws in an 18-year-old 
woman. (a) Coronal CT. (b) Axial CT. The presence of an 
expansive myxofibroma replacing the right maxillary 
antrum. Expansion, thinning, and destruction of the sur-

rounding bony margins are obvious. Bony trabeculations 
are well seen within the lesion (Reproduced from [29], 
with permission)

18 Tumors of Uncertain Differentiation



434

a b

Fig. 18.9 Myxofibroma of the jaws in a 16-year-old boy. 
(a) Axial spin-echo proton density- weighted MR image. 
(b) Axial spin-echo T2-weighted MR image. Expansive 
lesion at the left ascending ramus of the mandible is seen. 
On the proton density-weighted image, the myxofibroma 
has increased signal intensity compared with the ptery-
goid and masseter muscles. The T2-weighted image 

reveals high signal intensity of the tumor, surpassing that 
of fat. Tumor margins are sharp. Note the bright signal of 
the parapharyngeal fat (curved arrows) and the presence 
of vascular structures (straight arrows) within the parotid 
gland (P) (Reproduced from [29], with permission)

18.3.5  Deep (“Aggressive”) 
Angiomyxoma

18.3.5.1  Definition
Aggressive angiomyxoma is a rare, slowly grow-
ing neoplasm, which predominantly occurs in the 
pelvic soft tissue in women. The tumor has a gelat-
inous appearance, and its diameter ranges from a 
few centimeters to more than 20 cm [100, 113].

18.3.5.2  Incidence and Clinical Behavior
The majority of angiomyxomas occur in women 
between ages of 25 and 60 years. This tumor has 
a predilection for the gluteal, perineal, and pelvic 
regions. Although a slow growth pattern is seen, 
the tumor is focally infiltrative, often extending 
into the paravaginal and perirectal regions. 
Metastatic spread is not observed. Recurrence 
rate after surgical removal is high [100].

18.3.5.3  Imaging
On CT, aggressive angiomyxoma has a vari-
able appearance. It has been described either 
as a predominantly cystic mass containing 
solid components or as a solid mass contain-
ing low-density areas [100, 163]. MRI reveals 
a high signal intensity mass with hypointense 
strands of fibrovascular tissue on T2-weigthed 
images. In addition, mild restriction on diffu-
sion-weighted imaging (DWI) and high mean 
values in apparent diffusion coefficient (ADC) 
maps as well as a layered enhancement seem 
to be typical [113]. The lesion shows a ten-
dency to displace pelvic organs and to grow 
around pelvic floor muscles, but without dis-
rupting them (Fig. 18.10). Of note, the lack of 
high fat content is a key feature in differentiat-
ing aggressive angiomyxoma from myxoid 
liposarcoma.
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Fig. 18.10 Paravaginal aggressive angiomyxoma. (a) 
Axial T1-weighted MR image. (b) Sagittal T2-weighted 
MR image. (c) Coronal T2-weighted MR image with 
fat saturation (fs). (d) Coronal T1-weighted MR image 
after gadolinium contrast injection. The paravaginal 
aggressive angiomyxoma which measured more than 
20 cm and displaced the uterus and bladder was  

initially misinterpreted as bartholinitis. On T1-weighted 
images, the mesenchymal tumor presents as a hypoin-
tense mass (a) to muscle tissue, while showing a high 
signal intensity on T2-weighted images (b, c) with 
typical hypointense strands of fibrovascular tissue, 
which also enhanced after gadolinium contrast injec-
tion (d)

18.3.6  Pleomorphic Hyalinizing 
Angiectatic Tumor

18.3.6.1  Definition
Pleomorphic hyalinizing angiectatic tumor 
(PHAT) is a very rare entity of low malignant 
potency which occurs in the subcutaneous tissues 
of the lower extremity. Grossly, the lesions have a 

lobulated appearance with characteristic thin- 
walled angiectatic vessels surrounded by fibrin 
and collagen [59, 142].

18.3.6.2  Incidence and Clinical 
Behavior

Pleomorphic hyalinizing angiectatic tumors occur 
mainly in the fifth decade, and men are affected 
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more frequently. Usually, these tumors are found in 
the superficial subcutaneous fat  tissue of the trunk, 
as well as the upper and predominantly the lower 
limb. Recurrence rate after surgical removal is 
high; metastases have not been reported [100, 110].

18.3.6.3  Imaging
On pre-contrast CT scans, the tumor is inhomoge-
neously hypodense. After contrast administration, 
PHAT usually shows a heterogeneous enhance-
ment with lower density around the angiectatic ves-
sels corresponding to the hyalinized vessel walls 
[92]. MRI can illustrate the ill- defined margins and 
the infiltration of fat tissue; beyond this, MRI find-
ings are rather unspecific, since PHAT can show 
solid and cystic components and variable contrast 
enhancement [146] (Figs. 18.11, 18.12 and 18.13).

18.3.7  Ectopic Hamartomatous 
Thymoma

18.3.7.1  Definition, Incidence, 
and Clinical Behavior

Ectopic hamartomatous thymoma (EHT) is an 
extremely rare benign tumor usually located in 

the lower neck region next to the sternocostal 
joint. Predominantly, men in the third and fourth 
decade are affected. These tumors are well 
defined and slow growing, not showing metasta-
sis. Histologically, these tumors consist of spin-
dle cells and epithelial and adipose cell elements 
[135]. Only seldom recurrence after resection is 
seen.

The histogenesis remains unclear: initially, it 
was thought that EHT could derive from ectopic 
thymus tissue along the migration path of the 
embryonic thymus from the pharynx to the ante-
rior mediastinum, but since normal thymus tissue 
never was found in EHT, investigators now 
believe that it could be of branchial origin, 
respectively, a remnant of the submerged caudal 
portion of the second arch and the third and 
fourth branchial arch [51].

18.3.7.2  Imaging
Until the present, no specific study concerning 
imaging has been performed. Thus, when 
encountering a space-occupying lesion in the 
lower neck region next to the sternocostal joint in 
men, EHT should be incorporated into the dif-
ferential diagnostic list.

a b c

Fig. 18.11 A 46-year-old male with pleomorphic hyalin-
izing angiectatic tumor in the calf. The STIR image (a) 
shows a subcutaneous hyperintense lesion (arrow) overly-
ing the medial soleus and medial head of the gastrocne-
mius muscles. Axial post-contrast image (b) at the same 
level shows relatively homogeneous enhancement of the 
subcutaneous mass (arrow), which abuts the underlying 

gastrocnemius muscular fascia but remains confined to 
the subcutaneous soft tissues. Note ill-defined margins 
and strands of signal abnormality extending along the fas-
cia. Coronal T1-weighted image (c) demonstrates homo-
geneous T1 isointensity to muscle (arrow), with minimal 
infiltration of the subcutaneous fat

S.D. Sprengel et al.



437

18.4  Intermediate Tumors 
(Locally Aggressive)

18.4.1  Hemosiderotic 
Fibrolipomatous Tumor

18.4.1.1  Definition, Incidence, 
and Clinical Behavior

Hemosiderotic fibrolipomatous tumor (HFLT) is 
a rare soft tissue neoplasm consisting of adipo-
cytes, hemosiderin pigments, and fibrous tissue. 
The tumor arises characteristically in the foot or 
ankle region or the dorsum of hands of middle- 
aged women and tends to recur in 30–50 % after 
excision [54]. Malignant transformation into 
myxoinflammatory fibroblastic sarcoma has 
been described [143], an entity with the same 
 characteristic chromosome translocation t(1;10) 
(p22;q24) as HFLT.

18.4.1.2  Imaging
Radiography and ultrasound are usually nonspe-
cific. MRI shows an often ill-defined tumor with 
fatty areas divided by reticular septations. On 
T1-weighted sequences, HFLT is iso- or hypoin-
tense to the muscle, while being hyperintense on 
T2-weigthed images, possibly due to the myx-
oid/fibrous content of HFLT. Contrast enhance-
ment of the nonfatty tumor parts has been 
described (Fig. 18.14). Because of hemosiderin 
deposition in HFLT, susceptibility-weighted 
imaging sequences such as T2* can show char-
acteristic blooming in foci of hemorrhage, 
which can be helpful to distinguish HLFT from 
other lipomatous lesions [121].

18.5  Intermediate Tumors (Rarely 
Metastasizing)

18.5.1  Atypical Fibroxanthoma

18.5.1.1  Definition, Incidence, 
and Clinical Behavior

Atypical fibroxanthoma (AFX) is a rare mesen-
chymal tumor of intermediate malignancy 
affecting elderly patients and arising in the sun-
exposed cutis of the head and neck region. AFX 

a

b

c

Fig. 18.12 49-year-old female with PHAT in the foot. 
Proton density–weighted images (a) with fat saturation in 
the coronal plane shows ill-defined hyperintense signal in 
the subcutaneous tissues at the dorsum of the forefoot 
over the metatarsal shafts. Coronal T1-weighted image 
(b) from subsequent MRI 3 years later demonstrates sig-
nificant interval growth of the ill-defined soft tissue mass. 
Coronal post-contrast image (c) demonstrates diffuse 
enhancement within the mass on the later exam. Note 
interspersed fat signal throughout the lesion and ill-
defined margins
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tends to show exophytic growth; ulceration and 
bleeding are also possible. Histologically, AFX 
consists of fibroblastic spindle cells as well as 
multinucleated epithelioid cells and giant cells. 

Despite the sometimes aggressive histological 
appearances, AFX has a benign clinical course, 
when diagnosed early and excised completely 
[89, 105].

a b

c

d

Fig. 18.13 An 87-year-old woman with PHAT of the 
proximal upper extremity. Axial T2-weighted with fat 
saturation (a) and post-contrast T1-weighted images (b) 
performed at presentation demonstrate a multiloculated 
cystic mass in the right triceps muscle, with nodular and 
thickened enhancing septa. Axial T2-weighted with fat 

saturation (c) and post-contrast T1-weighted images (d) 
from subsequent examinations 2.4 years later show an 
enlarging solid component (arrows) within the cystic por-
tion of the mass. The mass was later resected, and histo-
logic features were most suggestive of a PHAT (Used 
with permission from Subhawong et al. [146])
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18.5.1.2  Imaging
There is only limited literature about the radio-
logical appearance of AFX available. 
Ultrasonography and MRI can be used to deter-
mine the extent of the tumor or possible infiltra-
tion of subcutis. In one case study, AFX shows 
intermediate signal intensity on T1-weighted 
and T2-weighted images and diffusely heteroge-
neous enhancement after contrast-agent admin-
istration [96], while both malignant melanoma 
and squamous cell carcinoma as possible differ-
ential diagnoses tend to have a high signal inten-
sity on T2-weighted images. Melanin within 
melanoma may also cause elevated T1 signal 
intensities.

18.5.2  Angiomatoid Fibrous 
Histiocytoma

18.5.2.1  Definition
Angiomatoid fibrous histiocytoma (AFH) is a rare, 
low-malignant soft tissue tumor. Usually, AFH 
presents as a well-circumscribed multilobular mass 
showing a fibrous pseudocapsule with typical lym-
phocytic infiltrates and consisting of fibroblast and 
histiocyte-like cells of low mitotic activity and 
blood-filled spaces [82].

18.5.2.2  Incidence and Clinical 
Behavior

AFH usually occurs in children and young adults. 
It predominantly affects the dermis and subcuta-
neous tissue in the extremities and the trunk. 
Metastasis is only rarely seen.

18.5.2.3  Imaging
Correspondingly, CT and MRI show a lobulated 
soft tissue mass sometimes with fluid–fluid levels 
and focal low signal intensity in T1- and 
T2-weighted sequences as a sign of intralesional 
hemorrhage [97] (Fig. 18.15).

18.5.3  Ossifying Fibromyxoid Tumor

18.5.3.1  Definition
Ossifying fibromyxoid tumor (OFMT) is a rare 
soft tissue tumor of still unknown origin aris-
ing in the subcutaneous tissue of the extremi-
ties usually following a benign clinical course. 
Yet single cases showing cellular atypia, 
aggressive behavior, and metastasis have been 
described [87]. Typically, OFMT consists of 
small round cells and osteoid or lamellar bone 
[44, 58, 87, 136].

a b c

Fig. 18.14 56-year-old woman with haemosiderotic 
fibrolipomatous tumorsuperficial to the metatarsals. A 
coronal T1-weighted MR image (a) shows a high-signal 
mass superficial to the metatarsals that is predominantly 
fat-intense. A coronal T2-weighted fat-suppressed MR 
image (b) shows a predominantly fat-intense mass. Also 

present, as indicated by the arrows, are unrelated areas of 
high and low signal intensity that represent postsurgical 
changes from the patient’s prior foot surgeries. A sagittal 
T2-weighted fat-suppressed MR image again shows a fat-
intense mass superficial to the metatarsals (c). (Used with 
permission from Moretti et al. [165])
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18.5.3.2  Incidence and Clinical 
Behavior

OFMT presents as a slowly growing lobulated, 
ossified, and encapsulated mass in the fifth to 
seventh decade of life with a male predominance. 
The tumor diameter does seldom exceed 10 cm.

18.5.3.3  Imaging
CT can demonstrate the characteristic lamellar 
bone formation as well as a strong contrast 
enhancement corresponding to the good vascular-
ization that is typical of OFMT. In MRI, focal areas 
of high signal intensity on T1-weighted images of 
the tumor as a sign of fatty marrow spaces seem to 
be characteristic [67, 125] (Fig. 18.16).

18.5.4  Mixed Tumor

18.5.4.1  Myoepithelioma
Definition
Myoepithelioma is a benign tumor showing a 
wide range of histopathological features making 
the diagnosis complicated [35]. Tumors have a 
multinodular or lobular appearance and can be 
well circumscribed or infiltrative. Spindled, 
ovoid, or epithelioid tumor cells are seen, while 
atypia is absent.

Incidence and Clinical Behavior
Myoepithelioma is most frequently found in the 
subcutis of extremities presenting as a slow- 

a b

c d e

Fig. 18.15 A 5-year-old boy with AFH of the bone. 
Axial and coronal reformat CT scan images demonstrate 
an expansile lytic lesion with a large cortical break in the 
left posterior ischium (a). The mass is predominantly 
fluid-density with thin, enhancing septations, and an 
extensive extraosseous component. Coronal T1-weighted 
MR image demonstrates a lobulated intraosseous left 
ischial mass with hyperintense peripheral signal (felt to 
represent methemoglobin) as well as an extensive extraos-

seous component (c). A fine dark signal capsule or 
pseudo-capsule is also noted beyond the hyperintense 
rind. Coronal T1-weighted gadolinium-enhanced fat-sat-
urated image demonstrates at most minor enhancement 
with much of the peripheral hyperintensity present pre- 
contrast. The fine dark signal rind is again noted (d). 
Coronal STIR image demonstrates heterogenous signal 
intensity and a dark rim (e). (Used with permission from 
Petrey et al. [166])
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growing painless (sub)cutaneous mass. There is 
no known predilection concerning age and sex. 
Recurrence after excision is rare; metastasis has 
not been described [74, 80, 112].

Imaging
A search of the literature reveals no specific 
reports on imaging findings. Thus, subcutaneous 

localization is the only diagnostic clue 
(Fig. 18.17).

18.5.4.2  Parachordoma
Definition The term “parachordoma” has been 
applied to a rare tumor of uncertain histogenesis 
but with a characteristic histologic appearance 
with vacuolated eosinophilic epithelioid cells. 

a c

b d

Fig. 18.16 77-year-old woman with ossifying fibromyxoid 
tumor of the calf. Axial T1W (a) and T2W FS (b) images 
through the right calf demonstrate the mass, which is subcu-
taneous and seen to displace, rather than infiltrate, the adja- 
cent musculature. The mass is predominantly isointense to 
muscle on T1W image and of intermediate-to-high signal 
intensity on T2W FS image. Foci of hyperintensity are seen 
on the posterolateral aspect of the mass on both sequences 

(arrows), in keeping with haemorrhage. Coronal MR 
images show areas of low signal intensity (black arrows) on 
T2W FS (c) and high signal intensity (white arrows) on 
T1W (d) sequences, consistent with fatty marrow spaces. 
There are also foci consistent with necrosis, seen with areas 
of low signal intensity on T1W (white arrowheads) and high 
signal intensity on FSE T2W FS (black arrowheads) 
images. (Used with permission from Harish et al. [67])

18 Tumors of Uncertain Differentiation



442

The tumor forms a lobulated mass with diameter 
averaging 3.5 cm. Usually, it involves the soft tis-
sues of the extremities adjacent to tendons, 
synovium, or bones [3, 33, 53].

Incidence and Clinical Behavior Parachordoma 
is a rare tumor, which affects both adolescents 
and adults. The lesion predominates in the 
extremities or peripheral parts of the body where 
it is deeply seated near tendons, synovium, and 

osseous structures [53]. Although recurrence 
has been observed following excision, parachor-
doma is considered a benign lesion [55].

Imaging In three case studies, parachordoma 
has been described as encapsulated mass which 
appears iso- or hypointense on T1- and hyperin-
tense on T2-weighted MR images and presents 
with a diffuse contrast enhancement [28, 37, 76] 
(Fig. 18.18).

a b

Fig. 18.17 Myoepithelioma of the left perineal/gluteal 
region. (a) Axial T1-weighted MR image with fat satura-
tion, subtraction after gadolinium contrast injection. (b) 
Axial T1-weighted MR image with fat saturation, subtrac-
tion after gadolinium contrast injection. A 50-year-old 

patient with a malignant myoepithelioma of the left peri-
neal/gluteal region. On T1-weighted images, the tumor is 
slightly hyperintense to the muscle, and after contrast-
agent administration, a strong peripheral enhancement 
with a central non-enhancing necrotic area can be noted

a b

Fig. 18.18 60-year-old 
woman with 
parachordoma of the 
elbow. Sagittal MRI of the 
distal upper arm soft 
tissue mass shows a 
heterogeneous dark signal 
on the T1-weighted image 
(a) and a heterogeneous 
bright signal on the 
T2-weighted image (a). 
(Used with permission 
from Clabeaux et al. [28])

S.D. Sprengel et al.



443

18.5.5  Phosphaturic Mesenchymal 
Tumor

18.5.5.1  Definition, Incidence, 
and Clinical Behavior

Phosphaturic mesenchymal tumor (PMT) is a rare 
neoplasm that causes systemic phosphate depletion 
and consequently an oncogenic  osteomalacia by 
producing a phosphaturic substance, the so-called 
fibroblast growth factor 23 (FGF23). The tumor can 
occur in the soft tissue and bone; in almost half of 
the cases, the lower extremities are affected. There 
is no sex predilection and the age range of patients is 
wide. Clinically, muscle weakness, bone pain, and 
multiple fractures as well as renal phosphate wasting 
and elevated serum levels of FGF23 are character-
istic. The tumor itself is a slow-growing ill-defined 
mass and can histologically be divided in three vari-
ants: osteoblastoma-like, non-ossifying fibroma- 
like, and the most common mixed connective tissue 
variant (PMTMCT). After complete excision, bone 
consistency and serum levels of fibroblast growth 
factor 23 get back to normal [48, 84].

18.5.5.2  Imaging
Since PMT usually do not exceed a diameter of 
5 cm and can be located ubiquitary, diagnosis can 
be challenging. Radiography and CT scans often 
only show a general osteopenia and in case of 
intraosseous location lytic lesions with or  without 
mineral deposition. Whole-body MRI is more 
helpful in finding the lesions, with T1 intensity 
depending on the vascularization and hyperinten-
sity on T2-weighted images [48, 118]. In addi-
tion, whole-body scintigraphy with 
111In-octreotide and 68Ga-DOTANOC PET/CT 
and 68Ga-DOTATATE PET/CT is also excellent 
in detecting PMT [50] (Fig. 18.19).

18.6  Malignant Lesions

18.6.1  Synovial Sarcoma

Although synovial sarcoma is a misnomer, as it is 
not derived from true synovial cells, we will not 
go into the details of this nosological discussion.

18.6.1.1  Definition
Synovial sarcoma is a clinically and morphologi-
cally well-defined entity. It occurs primarily in the 
para-articular region, usually in close  relationship 
with tendon sheaths, bursas, and joint capsules. It 
is, however, uncommon in joint cavities. On rare 
occasions, but widely reported in the radiological 
literature, it is also encountered in areas without any 
apparent relationship to synovial structures, such as 
in the pharynx, the larynx, the tongue, the maxil-
lofacial region, the middle ear, precoccygeal and 
paravertebral regions, the mediastinum, the thoracic 
and abdominal wall, the heart, or even in intravas-
cular and intraneural locations [23, 132, 140, 144]. 
Of note, only synovial sarcoma associated with the 
locomotor system is discussed in this chapter.

18.6.1.2  Incidence and Clinical 
Behavior

Epidemiology Synovial sarcoma accounts for 
approximately 5–10 % of all malignant mesen-
chymal neoplasms [90]. It is most prevalent in 
adolescents and young adults between 15 and 40 
years of age (Table 18.1). Men are more suscep-
tible than women with an average ratio of 2:1. 
There is no predilection for any particular race.

Clinical Behavior and Gross Findings The most 
typical presentation is that of a palpable deep-
seated soft tissue mass. It is usually associated with 
pain or tenderness and may cause functional 
impairment of the adjacent joint. Severe functional 
disturbances and weight loss are infrequent. 
Although uncommon, involvement of nearby 
nerves may cause pain, numbness, or paresthesia.

It is still uncertain whether trauma contributes to 
the development of synovial sarcoma or not. 
Although in many patients there is a definite history 
of trauma, the majority has no such antecedents. 
When reported, the interval between the episode of 
trauma and the detection of synovial sarcoma ranges 
from a few weeks to as much as 40 years. However, 
there are also reports of patients who sustain injuries 
after the presence of a mass had been noted, which 
suggests that, at least in some cases, the relationship 
between both is purely coincidental.
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Fig. 18.19 45-year-old woman with phosphaturic mes-
enchymal tumor. (1) Radiographs showing a mineralized 
juxtacortical tumor adjacent to the right distal fibula. The 
tumor was originally diagnosed as exostosis and ignored. 
(2A) Radiograph 14 years later showing multiple mineral-
ized soft tissue tumors in the right lower leg with patho-
logical fractures of the tibia and fibula. (2B) Bone scan in 
1991 showing multiple soft tissue masses in the right 

lower extremity and fractures of the right ankle and ribs. 
(2C) Radiograph showing multiple spinal compression 
fractures due to uncontrollable osteomalacia. (3) 
Computed tomography scan showing mineralized intra-
pelvic tumors after Hemipelvectomy. (4) The serum phos-
phate level and the clinical course (Used with permission 
from Ogose et al. [167])
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As mentioned before, synovial sarcoma occurs 
predominantly in the extremities (80–90 %), 
mostly near large joints, especially the knee joint 
(30 %) [45] (Table 18.2). These tumors are inti-
mately related to tendons, tendon sheaths, and 
bursal structures, usually beyond the confines of 
the joint capsule. In less than 5 % of all cases, 
synovial sarcoma arises in the joint space itself.

18.6.1.3  Pathology
The name of the lesion is derived from the 
microscopic resemblance of synovial sarcoma 
to normal synovium, although its origin is prob-
ably from undifferentiated mesenchymal tissue 
[45, 115]. Unlike most other types of sarcomas, 
the tumor is composed of two morphologically 
different types of cells that form a characteristic 
biphasic pattern: epithelial cells, which resem-
ble those of carcinoma, and fibrosarcoma-like 
spindle cells. There are transitions between both 
types of cells, suggesting a close generic rela-
tionship. Depending on the relative presence of 
these types of cells and on their differentiation, 
synovial sarcomas can be classified into four 
different types.

The first type is the biphasic synovial sarcoma 
that is characterized by the coexistence of mor-
phologically different but histogenetically related 
epithelial and spindle cells. Calcification with or 
without ossification is present in about 30 % of 
tumors. The degree of vascularity varies from a 
few scattered vascular structures to numerous 
dilated vascular spaces. In less well- differentiated 
tumors, hemorrhage may be prominent.

The second type is the monophasic fibrous 
synovial sarcoma with a predominant or even 
exclusive spindle cell pattern. This type is rela-
tively common. Its clinical presentation is identi-
cal to the biphasic type.

The third type of synovial sarcoma is the 
monophasic epithelial form. This is a rarely rec-
ognized neoplasm with a predominant or exclu-
sive epithelial cell pattern. It is difficult to render 
the diagnosis of this tumor with certainty since it 
closely resembles other more frequently occur-
ring epithelial and mesenchymal tumors, such as 
metastatic and adnexal carcinoma, malignant 
melanoma, malignant epithelioid schwannoma, 
and epithelioid sarcoma.

The final type of synovial sarcoma that is his-
tologically recognized is the poorly differentiated 
type. Its incidence is estimated at 20 %. It behaves 
more aggressively and metastasizes in a greater 
percentage of cases. Microscopically, this tumor 
is composed of small oval or spindle-shaped 
cells, intermediate in appearance between epithe-
lial and spindle cells. It has a rich vascular pattern 
with dilated vascular spaces.

Table 18.1 Age distribution of 345 cases of synovial sar-
coma according to Enzinger et al. [45]

Age range No. of cases Percentage (%)

0–10 years 12 3

10–20 years 94 27

20–30 years 85 25

30–40 years 57 17

40–50 years 52 15

50–60 years 25 7

60–70 years 11 3

70–80 years 6 2

80–90 years 3 1

Total 345 100

Table 18.2 Localization of synovial sarcoma modified 
from Enzinger et al. [45]

Head–neck 31 9

Neck 12 3

Pharynx 7 2

Larynx 7 2

Other 5 1

Trunk 28 8

Chest 10 3

Abdominal wall 9 2.5

Other 9 2.5

Upper extremities 80 23

Shoulder 22 6

Elbow/upper arm 20 6

Forearm/wrist 24 7

Hand 14 4

Lower extremities 206 60

Hip–groin 22 6

Thigh/knee 102 30

Lower leg/ankle 33 10

Foot 45 13

Other 4 1

Total 345 345 100
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Multicystic formation is a common occur-
rence in synovial sarcoma. The cyst wall is thick-
ened and composed of fibrous septa. Within the 
cyst, there are often several internal septa, con-
sisting of tumor cells proliferating over the dense 
collagenous fibrous tissue without a lining pat-
tern. Tumor cells may become detached from the 
septa in the internal lumen. Furthermore, dilated 
hemangiopericytomatous vasculatures can be 
prominent within those septa. Chromosomal 
rearrangements have been reported in association 
with synovial sarcoma, consisting of t(X;18) 
(p11–2;q11–2) translocation [31].

18.6.1.4  Imaging
The majority of synovial sarcomas present on 
radiographs as round or oval, lobulated masses. 
They are usually located close to a large joint, par-
ticularly the knee joint. In 5–30 % of cases, there is 
periosteal reaction, bone erosion (related to pres-
sure from the adjacent tumor), or even bone inva-
sion. The most characteristic finding is the 
presence of multiple small densities caused by 
focal calcifications or ossifications. This feature is 
seen in about 20–30 % of cases. It may range from 
very fine stippling to marked calcifications or even 
bone formation, typically in the periphery of the 
lesion. When present, these opacities differentiate 
synovial sarcoma from liposarcomas and myxoid 
chondrosarcomas. The irregular shape of the calci-
fications helps to make the differentiation from 
hemangioma. In some cases, extensive ossification 
is present, resembling osseous or cartilaginous 
lesions such as soft tissue chondroma, extra-artic-
ular synovial chondromatosis, ossifying myositis, 
tumoral calcinosis, or osteosarcoma, both paros-
teal and extraskeletal. Cases with extensive calcifi-
cation have been reported to have a better 
prognosis, with higher survival rates [117, 133].

Angiography usually reveals a prominent vas-
cularity, not only of the primary tumor but also of 
the metastases. This is especially true for the 
monophasic and poorly differentiated type of 
tumor [102]. There is extensive neovascularity 
and nonhomogeneous staining. Occasionally, the 
lesion is hypovascular.

Ultrasound characteristics are those of a well- 
defined, solid vascular tumor with prominent arte-

rial and venous components. There may be 
internal cystic components due to internal hemor-
rhage [107]. Internal calcifications are noted in 
20–30 %. Ultrasound appears useful as a detection 
method of local recurrence, in the guidance of 
fine-needle biopsy and in the examination of chil-

a

b

c

Fig. 18.20 Synovial sarcoma of the back in a 19-year-old 
man. (a) CT. (b) CT after iodinated contrast injection. (c) 
Sagittal spin-echo T1-weighted MR image. This is a case of 
a soft tissue mass in the posterior paravertebral region. 
There is no clear intratumoral calcification or ossification 
(a), and only mild enhancement is noted after injection of 
iodinate contrast medium (b). Fluid–fluid levels can some-
times be seen on the T1-weighted image (c), but are a rare 
and nonspecific sign (arrow)
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dren [72]. In the early postoperative period (less 
than 6 months after surgery), inhomogeneous 
hypoechogenic lesions cannot be differentiated 
with certainty as recurrent tumor, hemorrhage, 
edema, granulation tissue, abscess formation, or 
any combination of these. Performed with high-
frequency transducers, a lesion is considered to be 
a recurrent tumor when a discrete nodular 
hypoechogenic mass is present. Areas of diffuse 
abnormal echogenicity without evidence of a dis-
crete nodule can be classified as non-tumoral.

CT shows a soft tissue mass, which may infil-
trate adjacent structures, having a slightly higher 
density than muscle [115] (Fig. 18.20, former 
Fig. 23.13). Joint invasion is present when the 
soft tissue mass projects into the expected con-
fines of a joint capsule or when an intra-articular 
ligament or tendon is involved. Although bony 
involvement can be identified on both MR and 
CT imaging, cortical bone erosion or invasion is 
better depicted on CT. Intratumoral calcification 
or ossification is also more easily seen on CT 
than on MR imaging. Because of its extensive 
vascular supply, synovial sarcoma enhances 
markedly after injection of contrast medium.

On MR imaging, most synovial sarcomas 
(>90 %) are hypointense relative to fat and nearly 
isointense relative to muscle on T1-weighted MR 
images [117]. In rare cases, the tumor may be 
mostly hyperintense due to extensive intratumoral 
hemorrhage. Small areas of high signal on 
T1-weighted images are more often encountered 
(45 %) [81, 117, 123]. They probably correspond 
with small foci of hemorrhage, since these areas are 
of high signal on T2-weighted images, too. Fluid–
fluid levels, although not very frequent (15–25 %) 
and not specific, can be a striking finding. Areas of 
previous hemorrhage with fluid–fluid levels or high 
signal intensity on all pulse sequences may be asso-
ciated with a worse prognosis [117] (Figs. 23.13–
23.17). On T2-weighted images, marked 
inhomogeneity is the rule, and various degrees of 
internal septation may be noted [114] (Figs. 18.21 
and 18.24 former Figs. 23.14 and 23.17). This is 
especially true for lesions more than 5 cm in diam-
eter which show this heterogeneous signal pattern 
in more than 85 % of cases vs. 60 % for smaller 
lesions [81]. A triple signal pattern on T2-weighted 

images is described in one third of all synovial sar-
comas [12, 81, 133]. It consists of high signal simi-
lar to fluid, intermediate signal intensity equal to or 
slightly hyperintense relative to fat, and low signal 
intensity closer to that of fibrous tissue. This triple 
signal pattern on T2-weighted images together 
with the small high signal foci on T1-weighted 
images is suggestive for synovial sarcoma 
(Figs. 18.22 and 18.23, former Figs. 23.15 and 
23.16). More than half of all lesions are intimately 
related to bone. There seems to be no notable dif-
ference between the MR imaging characteristics of 
the mono- and biphasic pathologic subtypes.

Heterogeneous enhancement after injection of con-
trast material is generally seen. Hypervascular areas 
are strongly enhancing, whereas necrotic and cystic 
areas remain hypointense. Hypervascularity may 
be quantified by a dynamic contrast-enhanced MR 
examination. Early enhancement of tumor within 7 s 
after arterial enhancement is a reliable sign, occurring 
consistently in synovial sarcoma. Other previously 
described so-called malignant dynamic contrast- 
enhanced MR imaging features, such as early plateau 
or washout phase and peripheral enhancement are not 
always found in synovial sarcoma [155].

Well-defined or reasonably well-defined mar-
gins are seen in some cases of synovial sarcoma. 
This finding has been described as a probable 
sign of benignity [132, 133]. This may be one of 
the reasons why synovial sarcoma is the malig-
nant tumor most frequently misdiagnosed as 
benign [17, 133]. Neurovascular involvement 
may be suspected in cases where the tumor 
 margin abuts and displaces the neurovascular 
bundle. In one study, this was confirmed at opera-
tion in two out of five cases [114]. MR often fails 
to demonstrate small calcifications seen on plain 
films or CT. Therefore, the MR images of soft tis-
sue and bone tumors should be interpreted with 
corresponding CT images and plain films.

The differential diagnosis on MR imaging of an 
inhomogeneous septate mass with infiltrative mar-
gins and located in close proximity to a joint, a 
tendon, or a bursa is very limited. Without the his-
tory of trauma or signs of infection, a malignant 
neoplasm is the most likely consideration. 
Especially in combination with soft tissue calcifi-
cations, the diagnosis of a synovial sarcoma should 
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Fig. 18.21 Synovial sarcoma of the foot in a 37-year-old 
man. (a) Sagittal gradient-recalled echo T2*-weighted 
MR image. (b) Sagittal spin-echo T1-weighted MR 
image. (c) Sagittal spin-echo T1-weighted MR image 
after gadolinium contrast injection. Synovial sarcoma is 
generally hypointense on a T1-weighted image (b) and 
hyperintense on a T2-weighted image. (a) Large lesions 

such as this one are usually heterogeneous and may show 
internal septation. (a) Marked enhancement is correlated 
to the extensive vascular supply of these tumors. (c) Bone 
invasion is less frequent (5–30 %), but can be quite impor-
tant. (c) The sole of the foot is a common localization of 
synovial sarcoma in young adults

be preferred. However, a septate configuration can 
also be seen in two types of benign soft tissue 
masses: hemangioma and synovial or ganglion 
cysts. Typically, these benign tumors are sharply 
marginated and have a homogeneous hyperintense 
signal that is much brighter than that of the subcu-
taneous fat on T2-weighted images. The pattern of 
contrast enhancement may be helpful as well in 
the differential diagnosis (Figs. 18.24 and 18.25).

18.6.1.5  Treatment, Prognosis, 
and Detection of Tumor 
Recurrence

Treatment of synovial sarcoma consists of wide 
local excision or limb amputation, usually in com-

bination with chemotherapy and radiation therapy. 
Despite this aggressive therapy, metastatic disease 
or local recurrence is found in approximately 
80 % of patients. Metastases most frequently 
affect the lung (59–94 % of distant tumor spread). 
Additional sites of metastatic disease include 
lymph nodes (4–18 %) and the bone (8–11 %). 
Soft tissue metastases are rare. Local recurrence 
occurs in 20–26 % of patients and presents usually 
within 2 years after initial diagnosis. The 5-year 
survival rate is approximately 27–55 %. Favorable 
prognostic factors with synovial sarcoma include 
extensive calcification, younger patient age, 
lesions less than 5 cm in diameter, and neoplasms 
located in the extremities [117]. According to 
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c d

Fig. 18.22 Synovial sarcoma at the medial side of the 
ankle. (a) Coronal T1-weighted MR image. (b) Contrast-
enhanced coronal fat-suppressed T1-weighted MR image. 
(c, d) Coronal fat-suppressed T2-weighted MR images. 
Oval mass, medially at the ankle joint, with inhomoge-

neous low signal intensity (a). Strong contrast uptake is 
seen at the periphery of the lesion (b). A triple signal pat-
tern is seen within the lesion with signal intensities similar 
to fluid, intermediate, and low signal intensities (c, d)
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c

Fig. 18.23 Synovial sarcoma of the knee. (a) 
Anteroposterior radiograph of the right knee. (b) Axial 
T2-weighted MR image at the distal femur. (c) Axial 
T1-weighted MR image after intravenous gadolinium 
administration. A crumbly calcification is seen within a 
palpable soft tissue mass at the lateral side of the knee. 
Calcifications are seen in up to 30 % of synovial sarcomas 
(a). The tumor is of mixed signal intensity with hypoin-
tense and hyperintense areas, as well as components of 

intermediate signal intensity (“triple signal”); the tumor 
looks to be arising outside the joint, but extends down the 
lateral patellar retinaculum into the superolateral aspect of 
the knee joint (b). There is marked peripheral contrast 
enhancement within the mass, with a central irregularly 
delineated area of absent enhancement. There are enlarged 
lymph nodes around the neurovascular bundle in the pop-
liteal fossa (c) (Case courtesy of Dr. A.M. Davies, 
Birmingham)
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Tateishi, other prognostic MRI parameters include 
the presence of hemorrhage and cysts or the pres-
ence of a triple signal. Together with proximal 
tumor distribution, large tumor size, and the 
absence of calcification, these parameters are 
associated with high tumor grade and a less favor-
able prognosis [151]. The value of MRI in the 
early detection of tumor recurrence will be dis-
cussed in detail in Chap. 26, dealing with imaging 
posttreatment (Fig. 18.25, former Fig. 23.18).

18.6.2  Epithelioid Sarcoma

18.6.2.1  Definition
The term “epithelioid sarcoma” was applied by 
Enzinger in 1970 to refer to a distinctive neo-
plasm that commonly involves the soft tissues of 
the extremities, most frequently of the hand. This 
tumor presents as a solitary or irregular multi-
nodular mass located in the dermis or deep-seated 
and attached to tendons or fascia. The size of the 
lesion is variable and ranges from several milli-
meters to more than 15 cm in diameter. Central 

degeneration and necrosis are common features. 
Lesions located in the dermis often ulcerate 
through the skin. The tumor may spread along 
the neurovascular bundles, may invade the ves-
sels, and, hence, may metastasize. In general, 
tumors located in the proximal extremity reveal a 
more aggressive course than those arising in the 
distal extremities [66]. A history of trauma is 
reported in up to 25 % [25, 129] histogenesis, and 
the nature of this neoplasm remains unknown.

18.6.2.2  Incidence and Clinical 
Behavior

Epithelioid sarcoma represents the most com-
mon soft tissue sarcoma of the hand. Although 
it may occur at any age, the tumor is found most 
commonly in adolescents and young adults 
between 10 and 35 years of age. Children and 
older persons are only rarely affected. This 
tumor is twice as common in men as in women. 
The principal sites of involvement are the distal 
upper extremity, involved in 58 % of cases, par-
ticularly the hands and forearms. This main site 
of involvement is followed by the distal and 

a b

Fig. 18.24 Synovial sarcoma developing within the ankle 
joint. (a) Sagittal T1-weighted MR image. (b) Sagittal 
STIR image. A low signal intensity mass is present within 
the anterior and posterior recess of the ankle joint. There is 
associated erosion of the talar neck. The anterior cortex of 
the distal tibia is destroyed. Bone marrow edema is seen 

within the distal tibia and in the talus (a). The tumor is of 
high signal intensity on T2-weighted images, with some 
internal low signal intensity septa. The adjacent bone inva-
sion and bone marrow edema are better appreciated than 
on the T1-weighted images (b) (Case courtesy of Dr. 
A.M. Davies, Birmingham)
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proximal extremity, at 15 and 12 %, respec-
tively. The trunk, head, and neck regions, with 
the exception of the scalp, are seldom involved 
[66]. Lesions may be located in the subcutis or 
are deep seated, usually attached to tendons, 
tendon sheaths, or fascial structures. Epithelioid 
sarcoma presents as a firm, hard nodule that 
may be solitary or multiple. These nodules are 
slowly growing and painless. Ulceration through 
the skin is common in intradermal lesions. 
Metastases, predominantly to the regional 
lymph nodes and lung, are observed in less than 
half of the cases. These develop mostly within 

the first year after diagnosis, but may be late and 
become apparent for many years after excision 
of the primary tumor. Recurrences, often multi-
ple, are common and have been reported in 77 % 
of cases [25].

18.6.2.3  Imaging
Imaging Studies Other than MRI
Radiographs, CT, and ultrasound usually reveal a 
soft tissue mass. In 20–30 % of cases, ossification or 
a speckled pattern of calcification is observed within 
the nodule. In rare cases, the tumor causes cortical 
thinning or erosion of underlying bone [25, 66].

a

c

b

Fig. 18.25 Recurrent synovial sarcoma. (a) Axial spin-
echo T1-weighted MR image. (b) Axial, fat-suppressed, 
spin-echo T1-weighted MR image after gadolinium con-
trast injection. (c) Signal intensity-versus- time curve cal-
culated on a gradient-recalled echo T1-weighted MR 
image during gadolinium contrast injection. Synovial sar-
coma quite frequently recurs after surgical excision. In 
this case, a small hypointense lesion located deep in the 

scar tissue can be noted on the T1-weighted image (a). 
After gadolinium injection, clear enhancement of this 
region can be noted on the fat- suppressed images (b). 
Dynamic imaging during bolus contrast injection (c) dem-
onstrates the higher and more rapid uptake of contrast 
medium by this tissue (3) than by normal muscle (2). 
Repeat surgery disclosed recurrent tumor
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MRI Findings
No characteristic MRI features of epithelioid sar-
coma exist [66]. Hence, MRI does not enable a 
specific diagnosis of this tumor. On T1-weighted 
images, the tumor appears mostly homogeneous 
and is isointense with muscle (Fig. 18.26, for-
mer Fig. 23.22). Occasionally, lesions may be 
heterogeneous, with either areas of increased 
signal, due to foci of hemorrhagic necrosis, 
or with relative central hypointensity, corre-
sponding to extensive intratumoral necrosis. In 
contrast, on T2-weighted images, the tumor is 
hyperintense to the muscle, hypo-, iso-, or hyper-
intense to fatty tissue. A majority of lesions is 
homogeneous on these T2-weighted sequences. 
Peritumoral edema affecting the surrounding 

muscles is observed in nearly 70 % of cases. It 
typically appears as a high signal intensity area 
on T2-weighted or STIR images, with variable 
shape, or it may present as a feathery, radial pat-
tern of increased signal intensity, extending for 
a maximum of 2 cm into the adjacent muscle, or 
as an extensive area of abnormal signal, involv-
ing completely at least one muscle [66]. Other 
common findings include tumor encasement of 
the adjacent neurovascular bundle and enlarged 
regional lymph nodes. The latter often shows the 
same increased signal intensity on T2-weighted 
images as the primary tumor. Inhomogeneous 
but strong enhancement is observed following 
administration of gadolinium chelates, except at 
the areas of central necrosis [66].

a

c

b

Fig. 18.26 Epithelioid sarcoma in the lumbar paraspinal 
region in a 37-year-old man. (a) Axial spin-echo 
T1-weighted MR image. (b) Axial spin-echo T2-weighted 
MR image. (c) Axial spin-echo T1-weighted MR image 
after gadolinium contrast injection. On the T1-weighted 
image, the tumor in the right paraspinal region appears 
nearly isointense with adjacent muscle and is only visible 
because of a moderate mass effect that causes asymmetry 

and distortion of the intermuscular fat planes (arrow-
heads) (a). On the T2-weighted image, the signal intensity 
of the nodular components within the irregularly outlined 
lesion is high but intermediate between that of the muscle 
and subcutaneous fat (arrowheads) (b). After contrast 
medium injection, strong but inhomogeneous enhance-
ment is observed within the tumor
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Imaging Strategy
As a result of the location of these lesions, the 
diagnosis is mainly based on the clinical aspect, 
findings on palpation, and results of biopsy. In 
spite of the variable appearance of the lesion, sus-
picion for epithelioid sarcoma should arise in all 
patients with multiple soft tissue nodules or per-
sistent punched-out ulcers involving the skin and 
subcutaneous tissues, with enlarged draining 
lymph nodes, particularly when the mass is 
located in the distal portion of an extremity [66]. 
As for all soft tissue tumors, MRI seems to be 
superior to all other imaging techniques for 
assessing the extent of the tumor.

18.6.3  Alveolar Soft Part Sarcoma

18.6.3.1  Definition
Constituting less than 1 % of all soft tissue sarco-
mas, alveolar soft tissue sarcoma is one of the 
least common malignant soft tissue tumors [68]. 
The term refers to the pseudoalveolar pattern 
formed by aggregates of large granular cells sur-
rounded by vascular channels mimicking the 
alveolar pattern of the respiratory alveoli. These 
tumors are highly hypervascular and frequently 
surrounded by thick, tortuous blood vessels. This 
is responsible for the considerable hemorrhage 
which often occurs during surgical removal [11]. 
On section, they consist of yellow–white to gray–
red tissue, often with large necrotic or hemor-
rhagic areas [26]. Despite a relatively benign 
appearance – mitoses and pleomorphism are 
rare – alveolar soft part sarcoma is one of the 
most malignant soft tissue tumors. Metastatic 
spread develops early in the course of the disease, 
is common, and is observed in 40–70 % of 
patients [24, 34, 70, 98]. Preferential sites of 
metastases are the lungs, followed by the brain 
and skeleton. Tumor recurrence is high and is 
noted in 20–30 % of cases [98].

18.6.3.2  Incidence and Clinical 
Behavior

Alveolar soft part sarcoma can be seen at any 
age, but occurs predominantly in older children, 
adolescents, and young adults, between 11 and 

35 years of age. A female predominance is 
observed in most series [24, 98]. At least 60 % of 
these tumors occur in the muscles or fascial 
planes of the lower limb, with the anterior portion 
of the thigh being most commonly affected. In 
decreasing order of incidence, the head and neck, 
upper extremity, and the trunk are the other most 
frequently involved areas [24, 98]. In children 
and infants, the head and neck region, particu-
larly the orbit and tongue, are the most common 
sites of origin. Alveolar soft part sarcoma usually 
presents as a slowly growing, painless mass. 
Occasionally, pulsations may be observed on pal-
pation. These are explained by the very rich vas-
cularization of the tumor. At the time of diagnosis, 
the diameter of most tumors surpasses 5 cm.

The large majority of lesions are asymptom-
atic. Therefore, metastases in the lung or brain 
may be the first manifestation of the disease. 
Metastatic spread is present in more than one 
third of the cases at the time of initial diagnosis 
[11, 98].

18.6.3.3  Imaging
Imaging Studies Other than MRI On conven-
tional radiographs, alveolar soft part sarcoma 
presents as a nonspecific mass which may occa-
sionally show punctate calcifications [70, 104]. 
The tumor can erode the adjacent bone. Chest 
radiographs may reveal pulmonary metastases. 
Ultrasound may also disclose the tumor and 
shows a variable echo pattern within it. Doppler 
ultrasound may emphasize the marked vascular-
ity of the lesion [34]. CT discloses the delinea-
tion of the tumor better. On non-enhanced scans, 
the tumor is slightly hypodense or even isodense 
compared with surrounding muscle. Contrast- 
enhanced scans show a very pronounced enhance-
ment and may also demonstrate numerous dilated 
vessels within the tumor [24, 34, 70, 130] 
(Fig. 18.27, Fig. 23.19). Angiography shows a 
hypervascular mass, with arteriovenous shunting 
and early draining veins [34, 70] (Fig. 18.28; 
Fig. 23.20).

MRI Findings Alveolar soft part sarcomas 
appear bright both on T1- and T2-weighted 
images (Fig. 18.29). This is probably due to 
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a b

Fig. 18.27 Alveolar soft part sarcoma of the left thigh in 
a 26-year-old man. (a) Plain CT. (b) CT after iodinated 
contrast injection. The presence of a soft tissue mass at the 
lateral aspect of the femur with unsharp delineation from 
adjacent vastus intermedius and lateralis muscles. On 

native CT, the lesion is slightly hypodense relative to mus-
cle. After contrast medium injection, pronounced 
enhancement of the lesion is seen. Thick, strongly enhanc-
ing structures are observed and correspond with enlarged 
vessels within the tumor (arrows) (b)

a b

Fig. 18.28 Alveolar soft part sarcoma of the left thigh 
in a 26-year-old man (same patient as in Fig.23.19). (a) 
Arteriography of the left femoral artery, early phase. (b) 
Arteriography of the left femoral artery, late parenchy-
matous to early venous phase. During the early arterio-
graphic phase, a highly vascularized mass lateral to the 

femoral shaft is observed. Thick, tortuous arteries are 
seen all over the lesion (a). A few moments later, during 
staining with contrast medium at the lesion, early venous 
drainage is observed at the upper and lower pole of the 
lesion (arrows)
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slowly flowing blood in some tumor vessels [34, 
70, 104]. On all sequences, multiple areas of sig-
nal void are observed within the lesion, suggest-
ing small calcifications or rapid flow within 
distended vessels [24, 70, 104]. On T1-weighted 
images, most lesions appear homogeneous, 
whereas on T2-weighted images, the pattern 

becomes inhomogeneous. This sign is important 
for indicating the malignant nature of the lesion, 
as it is observed in 72 % of malignant lesions and 
only in 12.5 % of benign lesions [71]. Following 
administration of gadolinium chelates, intense, 
but inhomogeneous, enhancement is noted [13, 
24] (Fig. 18.30).

a

c

bFig. 18.29 Alveolar soft 
part sarcoma of the left 
thigh in a 26-year-old man 
(same patient as in 
Fig. 23.19). (a) Coronal 
spin-echo T1-weighted 
MR image. (b) Axial 
spin-echo T2-weighted 
MR image. (c) Coronal 
spin-echo T1-weighted 
MR image after 
gadolinium contrast 
injection. A well- 
delineated, ovoid, nearly 
homogeneous mass lesion 
lateral to the femur is seen. 
On T1-weighted images, 
signal intensity is higher 
than that of muscle, but 
lower than that of fat. 
Triangular region with fat 
signal intensity at the 
upper pole of the lesion 
(arrowhead). Punctate to 
tortuous zones with signal 
void both at the upper and 
lower poles of the lesion 
corresponding to rapidly 
flowing blood within 
dilated blood vessels 
(arrows). T2-weighted 
images disclose a mottled 
aspect of the lesion. Signal 
intensity equals that of 
fatty tissue. After contrast 
medium injection, intense 
enhancement is seen within 
the lesion. Notice the sharp 
peripheral demarcation of 
the lesion and the intact 
aspect of underlying bones
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Imaging Strategy Plain radiographs are of lit-
tle value in the diagnosis of alveolar soft part 
sarcoma as they reveal only nonspecific find-
ings. Conventional chest radiographs are indi-
cated for the detection of pulmonary metastases, 
although for this purpose, CT of the thorax is 
more sensitive and should be recommended dur-
ing initial staging and in surveillance following 

therapy. Contrast-enhanced CT allows better 
delineation of the tumor by showing muscle 
infiltration. Doppler ultrasound, CT, MRI, and 
angiography all emphasize the hypervascular 
nature of this tumor. The presence of low-inten-
sity septations on T2-weighted images only and 
the change from a homogeneous pattern on 
T1-weighted images to inhomogeneous on 

a b

c d

Fig. 18.30 Alveolar soft part sarcoma of the thoracic 
spine in a 33-year-old male. (a) Axial CT image. (b) Axial 
T1-weighted MR image. (c) Axial T2-fs-weighted MR 
image. (d) Axial T1-weighted MR image after gadolinium 
contrast injection. Alveolar soft part sarcoma of the tho-
racic spine in a 33-year-old male with endangered stabil-

ity due to osteolysis of the right vertebral arch. (a) On 
T1-weighted images, the tumor is mostly homogeneous 
and slightly hyperintense to muscle, while hyperintense 
on T2-weighted images with implied hypointense septa-
tions. (c) After contrast-agent administration, a marked 
but inhomogeneous enhancement is seen
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T2-weighted images are useful criteria for indi-
cating the malignancy of the mass [71]. Together 
with the bright appearance of these tumors on 
both T1- and T2-weighted images, the radio-
logic findings may be helpful in characterizing 
these lesions [11, 34, 70, 71, 104, 158].

18.6.4  Clear Cell Sarcoma of Soft 
Tissue

18.6.4.1  Definition
Clear cell sarcoma (malignant melanoma of 
the soft parts) is an extremely rare, slow-grow-

ing malignant tumor, the cells of which are 
capable of producing melanin. In contrast to 
malignant melanoma of the skin, clear cell sar-
comas are more deeply located and mostly 
arise in the soft tissues of the limbs, in the 
vicinity of tendons, aponeuroses, and fascial 
structures. Tumor size ranges from 1 cm to 
more than 10 cm. Since the lesion is mostly 
well delineated, and lacks perilesional edema, 
bone invasion, satellite nodules, or intratu-
moral necrosis, it may be misinterpreted as a 
nonaggressive mass. Besides its histological 
appearance, current diagnosis relies to a large 
degree on the immunohistochemical analysis, 

a b

d

c

Fig. 18.31 Clear cell sarcoma of the left calf in a 
34-year-old man. (a, b) Sagittal and axial spin- echo 
T1-weighted MR images. (c, d) Sagittal and axial turbo 
spin-echo T2-weighted images. The presence of a large, 
fusiform mass extending along the Achilles tendon. On 
the sagittal T1-weighted MR image, the lesion appears 
homogeneous. On the axial view, numerous hypoin-
tense, curvilinear dashes are observed within the poste-
rior portion of the mass. The bulk of the mass is nearly 
homogeneous and is slightly hyperintense to muscle on 

the T1-weighted MR images. Fat planes between tumor 
and adjacent muscles are partially obliterated (a, b). On 
the T2-weighted MR images, fine, low-intensity septa-
tions are observed between the markedly hyperintense 
components of the lesion (c, d). The curvilinear dashes 
of signal voids, as described on T1-weighted images, 
persist on these T2-weighted images. In view of their 
posterior location, they may represent dense fibrous tis-
sue in remnants of the invaded Achilles tendon (d)
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since the presence of the melanocytic marker 
S-100 protein and the melanoma-specific 
HMB- 45 monoclonal antibody is considered 
very sensitive for the diagnosis of clear cell 
sarcoma [65, 138].

18.6.4.2  Incidence and Clinical 
Behavior

Clear cell sarcomas are rare, accounting for only 
0.8–1 % of all malignancies of the musculoskeletal 
system [43, 46]. Young adults between the ages of 
20 and 40 years are most frequently affected. 
However, clear cell sarcoma has also been reported 
in both very young and very old persons. The 
tumor predominates in females. The extremities 
are the most commonly involved areas. Lesions 
located in the lower limb (foot and ankle, knee, 
thigh) outnumber those in the upper limb. The 
head and neck region and the trunk are seldom 
affected. The tumor presents as a slowly growing 
mass, which causes pain or tenderness in nearly 
half of the cases. The skin overlying the lesion 
remains uninvolved, except in bulky lesions ulcer-
ating to the epidermis. Despite the tumor’s slow 
growth and prolonged clinical course, the progno-
sis is poor as the recurrence rate is high and the 
development of metastases is common [46].

18.6.4.3  Imaging
Imaging Studies Other Than MRI Radio-
graphs do not contribute substantially to the 

diagnosis and may only show the presence of 
a nonspecific, noncalcified soft tissue mass. 
Involvement of the underlying bone is uncom-
mon, but if present an important finding [36]. 
Angiography reveals variable vascularization of 
the sarcoma and may show either hypervascular 
or poorly vascularized lesions [46].

MRI Findings On MRI, clear cell sarcomas 
present as elliptical, smoothly outlined masses 
(Fig. 18.31, former Fig. 23.23). A large majority 
of lesions are homogeneous both on T1- and 
T2-weighted images. Bone destruction and 
intratumoral necrosis are rare and were observed 
in 10 and 5 %, respectively, in a series of 21 
cases (Fig. 18.32, former Fig. 23.24) [36]. On 
T1-weighted images, most clear cell sarcomas 
have slightly increased signal intensity, com-
pared with muscle (Figs. 18.31, 18.32 and 18.33, 
former Figs. 23.23–23.25). This results from 
shortening of the T1 relaxation time, which is 
due to the paramagnetic effect of intralesional 
melanin. Since hyperintensity on T1-weighted 
images is rarely seen in soft tissue tumors, this 
observation is a quite characteristic sign, which 
allows narrowing the list of differential diagno-
ses [36]. Nearly 85 % of clear sarcomas are 
hyperintense to muscle tissue on T2-weighted 
images (Figs. 18.31, 18.32, and 18.33, former 
Figs. 23.23 and 23.25). At first sight, this may be 
surprising, as shortening of the T2 time and 
hence hypointensity on T2-weighted images 
might be expected because of the paramagnetic 
effect of melanin. However, since signal inten-
sity on T2-weighted images also depends on 
intra- and extracellular water content, it has been 
suggested that hyperintensity of clear cell sarco-
mas on T2-weighted images could be caused by 
a low nucleocytoplasmic index, by abundance of 
loose connective tissue between the cellular 
nests, or by high amount of myxoid stroma, 
found in these hyperintense lesions. Following 
administration of gadolinium, strong enhance-
ment is observed in the majority of cases [36].

Imaging Strategy MRI is the imaging tech-
nique of choice for demonstrating the extent of 
the tumor, yet it also lacks specificity. Of interest, 
however, is the fact that high signal intensity on 

Fig. 18.32 Clear cell sarcoma of the left hand in a 
41-year-old man. Axial spin-echo T1-weighted MR 
image. Demonstration of a rounded mass in the second 
digit. The mass appears hyperintense and homogeneous 
on this image. Destruction of the metacarpal bone is noted 
and confirms the aggressive behavior of the tumor 
(Reprinted from [36])
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T1-weighted images, which most commonly 
reflects the presence of fat or methemoglobin 
within a tumor, may also be caused by the pres-
ence of melanin and may hence point to the 
nature of the lesion. Furthermore, it should be 
stressed that clear cell sarcoma often has a benign 
appearance on MRI studies, but nevertheless 

behaves as a relentless, highly malignant soft tis-
sue sarcoma. Therefore, when a well-defined, 
homogeneous, strongly enhancing mass with 
slightly higher signal intensity than that of mus-
cle on native T1-weighted images is encountered, 
the differential diagnosis should include clear 
cell sarcoma.

a b

c d

Fig. 18.33 Clear cell sarcoma of the right hand in a 
25-year-old woman. (a) Coronal spin-echo T1-weighted 
MR image. (b) Axial fast spin-echo T2-weighted MR 
image. (c) Coronal spin-echo T1-weighted MR image 
after gadolinium contrast injection. (d) Coronal spin-
echo T1-weighted MR image after gadolinium contrast 
injection, performed 6 weeks after initial surgery. The 
presence of a well-circumscribed mass within the thenar 
muscle. The mass is slightly hyperintense relative to 
muscle on native T1-weighted images (a). On 
T2-weighted images, signal intensity is high. There is no 
peritumoral edema (b). Following gadolinium contrast 
injection, strong homogeneous enhancement is seen (c). 

Since the images did not display aggressive characteris-
tics, the surgeon decided to perform an excisional biopsy. 
Pathological examination, however, revealed clear cell 
sarcoma. Section margins were borderline. On the MR 
examination, performed 6 weeks after initial surgery, an 
indeterminate enhancing area was observed on the 
T1-weighted images after gadolinium contrast injection 
(d). Subsequently, the thenar muscle was widely excised. 
Pathological examination disclosed small nests of malig-
nant cells. Since then, a transradial–ulnar amputation 
has been performed. At 19 months after initial therapy, 
no metastatic disease has been demonstrated (Reprinted 
with permission from [36])
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18.6.5  Extraskeletal Myxoid 
Chondrosarcoma (“Chordoid” 
Type)

18.6.5.1  Definition, Incidence, 
and Clinical Behavior

Extraskeletal myxoid chondrosarcoma (EMC) is 
a very rare tumor characterized by abundant 
myxoid matrix and malignant chondroblastic 
cells. The tumor is well demarcated often show-
ing a pseudocapsule with a multinodular and sep-
tated architecture and intratumoral hemorrhage 
and cysts. EMC predominantly affects women in 
the sixth decade and arises mostly in the deep 
soft tissues of proximal extremities and limb gir-
dle presenting as a sometimes tender and 
movement- restricting mass. Tumor sizes up to 
25 cm have been described [44, 111]. Long-term 
follow-up after resection/chemotherapy is 
needed, since one-fourth of the patients suffer 
from local recurrences and pulmonary metastases 
have been described; a 10-year survival rate is 
around 70 % [41, 101, 111].

18.6.5.2  Imaging
MRI imaging is not specific but often shows 
the well-circumscribed encapsulated and lobu-
lated mass which, corresponding to the propor-
tion of myxoid tissue, is typically hyperintense 
on T2-weighted images with hypointense 
septa. On T1-weighted sequences, ECM has 

been described as iso- to hypointense, where 
upon T1-hyperintense areas can be found in 
case of intratumoural hemorrhage. Fluid–fluid 
levels are not typical. Heterogeneous enhance-
ment has been reported [85, 153, 158] 
(Fig. 18.34).

18.6.6  Malignant Mesenchymoma

18.6.6.1  Definition
The term “malignant mesenchymoma” refers to 
a group of malignant soft tissue tumors that are 
characterized by the presence of two or more dif-
ferent tissue components in the same neoplasm 
[119]. This group is further subdivided into two 
subcategories. The first category is the smallest 
one and comprises those tumors that are charac-
terized by coexisting rhabdomyosarcomatous 
and liposarcomatous elements in the same neo-
plasm. The second category is much larger and 
consists of neoplasms containing a specific type 
of sarcoma together with more or less prominent 
foci of malignant cartilaginous or osseous tissue 
[19, 46]. The origin of these tumors remains 
unclear, and many authors now assume that these 
tumors arise from primitive mesenchymal cells 
that have differentiated along multiple cell lines. 
Though, it has to be discussed if the tumors 
showing the lines of differentiation as described 
above could also meet criteria for other entities.

a b c

Fig. 18.34 Extraskeletal myxoid chondrosarcoma in a 
51-year-old man in the dorsal deltoid muscle. (a) Coronal 
T1-weighted MR image. (b) Coronal T2-weighted MR 
image. (c) Coronal T1-weighted MR image after gado-
linium contrast injection. On T1-weighted images, isoin-

tensity of the encapsulated tumor is present (a), while the 
T2-weighted images disclose a typical hyperintensity 
with a lobulated enhancement after contrast-agent admin-
istration, the latter being suggestive of chondroid tissue
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18.6.6.2  Incidence and Clinical 
Behavior

As may be expected from the heterogeneity of 
this group of tumors, clinical presentation is 
widely variable. However, most of these tumors 
affect older persons, nearly always older than 55 
years [19]. Occurrence in children and young 
adults is only rarely seen. The retroperitoneum 
and thigh are frequently involved. The prognosis 
is depending from the prevalent mesenchymal 
component.

18.6.6.3  Imaging
Imaging findings are related to the prevalent 
tissue component, with some tumors showing 
calcifications which can lead to misdiagno-
sis of, for example, myositis ossificans [108]. 
The MRI findings in the case presented in 
Fig. 18.35  (former Fig. 23.26) include a nearly 
homogeneous mass on T1-weighted images. 
On T2-weighted images, the tumor seemed to 
be composed of multiple hyperintense nodules 
with a hypointense center. Gadolinium contrast-
enhanced T1-weighted images disclosed strong 
enhancement of the tumor parts that were very 
bright on unenhanced T2-weighted images.

18.6.7  Desmoplastic Small 
Round Cell Tumor

18.6.7.1  Definition
Desmoplastic small round cell tumor (DSRCT) is 
a rare tumor consisting of small round tumor 
cells of uncertain histiogenesis, occurring 
predominantly in the abdominal cavity. The 
tumor is characterized by a unique chromosomal 
translocation t(11;22) (p13;q12) resulting in a 
fusion of Ewing’s sarcoma (ESW) gene and the 
Wilms’ tumor gene [15].

18.6.7.2  Incidence and Clinical 
Behavior

DSRCT affects young adults or children with a 
marked male predominance. Usually, the tumor 
arises in the abdominal cavity [62], while pri-
mary extra-abdominal DSRCT is a rarity. Patients 

present, dependent on the primary site, with 
symptoms as pain, acute and distended abdomen, 
organ obstruction, or ascites. Metastasis is fre-
quently seen, especially in subcutaneous and 
muscle tissue. Prognosis is poor, with an esti-
mated 5-year survival rate of 20 % [8].

18.6.7.3  Imaging
As described above, the most common find-
ings are multiple omental or serosal soft tis-
sue masses, which have a low attenuation and 
only moderate homogeneous enhancement 
[152]. Lesions larger than 10 cm are likely to 
show signs of central necrosis or hemorrhage. 
Calcification is relatively commonly seen on 
CT scans, especially after radiotherapy. Bone 
metastases have been described as blastic or 
mixed blastic and lytic [8]. On T1-weighted 
MR images, DSRCT has an inhomogeneous 
low or isointense signal intensity relative to 
skeletal muscle. On T2-weighted images, inho-
mogeneous high signal intensity is typical. 
Sometimes small cysts or fluid–fluid levels as 
well as signs of hemorrhage or necrosis can be 
identified [152] (Fig. 18.36).

18.6.8  PNET/Extraskeletal Ewing’s 
Sarcoma

18.6.8.1  PNET

Introduction
Primitive neuroectodermal tumors (PNET) form 
part of the heterogeneous group of small round 
(blue) cell tumors of childhood and adolescence. 
This group also contains conventional 
 neuroblastoma, rhabdomyosarcoma, lymphoma, 
and Ewing’s sarcoma.

Purely for practical reasons, Dehner intro-
duced the distinction between central PNET 
(cPNET) and peripheral PNET (pPNET), as he 
was well aware that little knowledge was avail-
able concerning the actual biology of these 
neoplasms and of their interrelationships [38]. 
This classification applies knowledge of neuro-
ectodermal derivatives to the PNET. The 
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a b
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Fig. 18.35 Mesenchymoma of the proximal third of the 
left leg in a 44-year-old woman. (a, b) Sagittal and axial 
spin-echo T1-weighted MR images. (c) Axial spin-echo 
T2-weighted MR image. (d) Axial spin- echo 
T1-weighted MR image after gadolinium contrast injec-
tion. The presence of an ovoid soft tissue mass within the 
subcutaneous fat layer, just anterior to the tibia. The 
mass is sharply outlined. On the T1-weighted images, a 
nearly homogeneous appearance with low signal inten-
sity in the major portions of the tumor is seen. A high 
signal intensity nodule is observed in the posterior aspect 
of the tumor, indicating the presence of fat within the 

tumor (arrows) (a, b). On the T2-weighted image, mul-
tiple rounded to ovoid, very hyperintense nodules are 
shown. Irregular low-intensity areas are seen within 
these nodules (arrows). Likewise, the tissue between the 
nodules presents with low signal intensity (c). The gross 
appearance of the tumor is much more inhomogeneous 
on T2- than on T1-weighted images. Likewise, the pat-
tern of enhancement is inhomogeneous. The strongest 
enhancement is observed at the periphery of the nodular 
components of the tumor in the same areas that are very 
bright on T2-weighted images (c, d)
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d

Fig. 18.36 Desmoplastic round cell tumor in a 14-year-
old boy. Axial (unenhanced) CT image (a) shows diffuse 
studding of the omentum and peritoneal surfaces by innu-
merable soft tissue masses. Axial image through the pelvis 
shows lobulated low attenuation masses (arrowheads) and 
a large retrovesical mass (*) displacing the rectum posteri-
orly (b, c). Note subcutaneous metastatic nodules in the 

lower left abdominal wall (arrow). Bilateral nephroure- 
teral stents (s) were inserted to relieve obstructive hydro-
nephrosis. Maximum intensity projection FDG PET (d) 
shows hypermetabolic peritoneal (arrows) and serosal dis-
ease (arrowheads) (SUV max 8.0) (Used with permission 
from: Arora et al. [8])
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 neuroectoderm generates the brain and spinal 
cord, on the one hand, and the entire autonomic  
nervous system, dorsal root ganglia, adrenal 
medulla, and part of the neuroendocrine sys-
tem, on the other, among many other deriva-
tives. It must be stressed that this division of 
the PNET does not have any clinical, patho-
logic, or prognostic implications. In this  
chapter, only pPNET will be discussed. 
Peripheral primitive neuroectodermal tumors 
constitute a group of uncommon tumors with 
similar histology, and are aggressive and 
poorly differentiated neoplasms, occurring 
mainly in children and young adults. These 
tumors originate in the soft tissues or bone, 
outside the central or sympathetic nervous sys-
tem, and are composed of undifferentiated, 
small, round, hyperchromatic tumor cells.

pPNET and Ewing’s sarcoma form a special 
group within the small round (blue) cell tumors. 
Several common characteristics have been dis-
covered that distinguish them from other small 
round (blue) cell tumors, namely, a unique chro-
mosomal translocation, t(11;22) (q24;12), and 
the expression of a membrane glycoprotein, 
known as the MIC2 gene product (see Chap. 6: 
Genetics and Molecular Biology of Soft Tissue 
Tumors) [7]. In addition to pPNET of soft tissue 
and Ewing’s sarcoma of the bone, there are also 
osseous pPNET and extraskeletal Ewing’s sar-
coma. It was also noted that extraskeletal Ewing’s 
sarcoma and some atypical forms of Ewing’s sar-
coma of the bone display neuroectodermal fea-
tures. Because of these shared phenotypical and 
genotypical characteristics, very typical for 
Ewing’s sarcoma and pPNET, it is now generally 
accepted that these two neoplasms are related to 
each other. They are thought to correspond to dis-
tinct neural crest lineages or tumors arrested at 
different stages of development. pPNET is the 
most differentiated and can be considered the 
neural variant of Ewing’s sarcoma [10, 39, 122]. 
According to Ewing’s sarcoma/pPNET classifi-
cation proposed by Schmidt [137], diagnosis of 
pPNET is reserved to those cases that express at 
least two different neural markers and/or Homer 
Wright rosettes, the others being termed Ewing’s 
sarcoma. This classification has proven to be use-

ful [20]. Due to the identification of the common 
nonrandom chromosome rearrangements in 
Ewing’s sarcoma, peripheral primitive neuroec-
todermal tumor, Askin’s tumor, which affects the 
thoracic wall, and neuroepithelioma, these 
tumors are now considered entities of the Ewing’s 
sarcoma family of tumors (ESFT).

Incidence and Clinical Behavior
Most pPNETs are diagnosed between the ages of 
14.6 and 20.8 years. Seventy-five percent occur 
before the age of 30 years [90, 137]. Peripheral 
PNET presenting at birth is uncommon, but 
reported [69]. Peripheral PNET occurs predomi-
nantly in Whites and Hispanics and rarely occurs 
in individuals of African or Asian descent [127]. 
Men are affected more frequently than women 
[77, 90, 137]. These tumors represent about 1 % 
of all sarcomas. By definition, pPNET never 
arise from the sympathetic nervous system. 
Therefore, cases usually occur outside the verte-
bral axis of the body [15]. They are found most 
frequently in the thoracopulmonary region, 
abdomen, pelvis, and lower extremities [77, 137, 
150]. They are also reported in the orbit, kidney, 
stomach [32], retroperitoneum [73], vulva, 
colon, hand [69], uterus [127], middle ear, 
diploe, and maxilla [6, 77]. The pPNET can give 
rise to symptoms and signs of neurologic failure 
[69]. According to Schmidt’s classification, 
prognosis is worse for pPNET than for Ewing’s 
sarcoma [137].

A special entity of pPNET is Askin’s tumor. 
This was first described as a “malignant small 
cell tumor of the thoracopulmonary region of 
childhood” [10], but it is now classified as a 
pPNET of the chest wall [145]. It is found princi-
pally in young adults and adolescents [20] but 
can occur at all ages (Fig. 18.37; former 
Fig. 22.6). In contrast to the pPNET in general, 
Askin’s tumors seem to have a preference for 
girls [10, 64]. Usually, the mass has already 
achieved a considerable size by the time of diag-
nosis [21] and is painful in just over half of the 
cases [134]. Pleural effusion may also occur [10, 
21, 93, 145].

pPNET can provoke constitutional symp-
toms. Fever, anorexia, weight loss, cough, and 
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dyspnea are frequent. In cases of Askin’s tumor, 
shoulder pain, Horner’s syndrome, and cervical 
lymphadenopathy can also occur [10, 21, 77, 
93, 145]. Askin’s tumors, as with PNET in gen-
eral, are highly aggressive. One study of 30 
cases showed a 2-year survival rate of 38 % and 
a 6-year survival rate of 14 % [30]. Relapse is 
most common at the thorax, where it presents 
as local chest wall recurrence or disseminated 
pulmonary metastasis. Metastasis to mediasti-
nal lymph nodes may also occur. The next most 
common manifestation of relapse is distant 
skeletal metastasis. Infrequently, the disease 
recurs in the liver, adrenals, brain, retroperito-
neum, and sympathetic chain. These sites must 
be considered in follow- up CT examinations 
[10, 21, 93, 145].

Esthesioneuroblastoma, also known as olfac-
tory neuroblastoma, has long been considered a 
member of the pPNET/Ewing’s sarcoma fam-
ily. Although a primitive neural tumor, recent 

studies raise doubts about the legitimacy of its 
membership because of the failure to identify the 
MIC2 gene product [73].

Imaging Characteristics
Plain Radiography
Little is known concerning the radiographic pre-
sentation of pPNET. On plain radiographs, 
Askin’s tumor commonly presents as a mass of 
the chest wall with soft tissue density. Rib ero-
sion occurs very often [10, 21, 93, 145]. In about 
10 % of cases, the tumor is seen as a paraspinal or 
mediastinal mass. In 15 % of cases, a usually 
small, pleural effusion is observed. Rarely, calci-
fications are present [10, 21, 64, 93, 145].

Ultrasound
As in the plain radiograph, ultrasound of Askin’s 
tumor reveals only nonspecific features. A com-
plex, solid mass may be revealed, with mixed 
echogenicity and sometimes with cystic compo-

ba

Fig. 18.37 Askin’s tumor (pPNET) in a 19-year-old man 
presenting with a mass lesion at the anterior thoracic wall. 
(a) Axial spin-echo, contrast-enhanced T1-weighted MR 
image. (b) Axial spin-echo T2-weighted MR image. The 
presence of a multinodular, enhancing mass lesion at the 

anterior aspect of the thoracic wall (a). On T2-weighted 
images, the nodules present with different signal intensi-
ties (b). Age, localization, morphology, and signal inten-
sity characteristics are in favor of a pPNET of the chest 
wall, also called Askin’s tumor
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nents. When present, a pleural effusion can be 
seen [134].

CT and MRI
On CT, pPNET presents as a large, ill-defined 
mass with a heterogeneous appearance due to 
extensive cystic degeneration. As a rule, there is 
no calcification [77], although our series contains 
a pPNET with extensive calcification (Fig. 18.38; 
former Fig. 22.1). After the injection of iodinated 
contrast, the tumor has a heterogeneous appear-
ance [77, 134, 160]. On T1-weighted MR images, 
pPNET generally has a signal intensity equal to 
or greater than that of muscle; on T2-weighted 
sequences, a heterogeneous high signal has been 

reported [158, 160, 162]. Frequently, evidence of 
hemorrhage or necrosis is found (Fig. 18.39). 
Larger tumors show up as heterogeneous masses, 
while smaller ones tend to be more homogeneous 
[49, 77, 160].

18.6.8.2  Extraskeletal Ewing’s 
Sarcoma

Definition
Extraskeletal Ewing’s sarcoma is a rare soft tissue 
tumor, histologically indistinguishable from the 
osseous form. The major differences are in the age 
group of prevalence and the site of predilection. 
These tumors are commonly deeply located and 
have diameters ranging from 5 to 10 cm. On 

a b

c d e

Fig. 18.38 pPNET of the lower neck in a 12-year-old 
girl. (a) CT. (b) CT after iodinated contrast injection. (c) 
Sagittal spin-echo T1-weighted MR image. (d) Sagittal 
spin-echo, contrast-enhanced T1-weighted MR image. (e) 
Axial gradient-echo T2-weighted MR image. Large mass 
within the deep cervical muscles on the right side of the 
neck. The tumor contains irregular calcifications (a). 
There is marked enhancement after contrast injection (b). 

On the T1-weighted images, the lesion is of low signal 
intensity and shows considerable enhancement after intra-
venous administration of gadolinium contrast (c, d). On 
the T2-weighted image, the lesion has high signal inten-
sity with central signal voids, due to intralesional calcifi-
cations. The lesion neighbors the cervical vertebrae, 
without manifesting osseous involvement (e)
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pathology, the tumor is multilobulated, is richly 
vascular, and often contains large areas of necro-
sis, cyst formation, or hemorrhage [47].

Incidence and Clinical Behavior
In contrast to the osseous form, extraskeletal 
Ewing’s sarcoma occurs in somewhat older 
 persons, with a median age of about 20 years 
(more than 75 % of the patients are between 10 

and 30 years of age). This tumor is slightly 
more common in men and occurs chiefly in the 
paravertebral and intercostal regions. Soft tis-
sues of the lower extremities and very rarely of 
the pelvic and hip regions, retroperitoneum, 
and upper extremities also may be involved [4]. 
Patients usually present with a rapidly growing 
mass, which is painful in about one-third of 
cases. Sensory or motor disturbances are 

a b

c d

Fig. 18.39 Primitive neuroectodermal tumor of the 
medial upper extremity of a 20-year-old patient with neu-
rofibromatosis type I. (a) Axial T1-weighted MR image. 
(b) Axial T2-weighted MR image. (c) Coronal 
T2-weighted MR image with fat saturation. (d) Axial 

T1-weighted MR image after gadolinium contrast injec-
tion. MRI revealed a T1-hypo- and T2-hyperintense tumor 
with spots of hemorrhage (a, b) and a lobulated appear-
ance seen on the STIR images as well as necrotic, non- 
enhancing areas medially (d)
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observed if the tumor involves the spinal cord 
or peripheral nerves. Metastatic spread – most 
commonly to lungs or skeleton – and recur-
rence are common and observed in nearly 65 % 
of cases [47, 122].

Imaging Characteristics
Imaging Studies Other than MRI
Plain radiographs reveal only a nonspecific soft 
tissue mass of widely variable size. Small areas 
of amorphous calcifications are not observed in 
untreated tumors but may develop during che-
motherapy [122]. On ultrasound, these tumors 
are mostly well circumscribed. Ultrasound fea-
tures are mostly those of a hypoechoic or partly 
anechoic mass, although a mixed echo pattern 
may also be recognized [122]. Unenhanced CT 
scans show either low attenuation throughout 
the tumor or only focal areas of hypodensity. 
Enhancement on post-contrast sequences is 
moderate but variable and reflects the different 
vascularization pattern (Figs. 18.40 and 18.43a, 
Fig. 22.3) [122].

MRI
On MRI, extraskeletal Ewing’s sarcoma presents 
as a well-circumscribed mass within the involved 
muscle (Figs. 18.41 and 18.42, Figs. 22.4 and 
22.5). Intermediate signal intensity is observed 
on T1-weighted images. T2-weighted images 
demonstrate a heterogeneous, mottled appear-
ance of the mass containing areas of high signal 
intensity. Heterogeneous enhancement is 
observed after administration of gadolinium che-
lates [4].

Imaging Strategy
None of the findings of the various imaging 
modalities are characteristic for extraskeletal 
Ewing’s sarcoma. The role of imaging consists 
mainly of establishing local tumor extent. Despite 
the nonspecific findings, extraskeletal Ewing’s 
sarcoma should be included in the differential 
diagnosis when a noncalcified soft tissue mass is 
observed in the paravertebral region of the chest 
or in an extremity, especially in the appropriate 
age group.

18.6.9  Extrarenal Rhabdoid Tumor

18.6.9.1  Definition
Extrarenal rhabdoid tumors (ERRTs) are aggres-
sive malignancies which arise in the central 
 nervous system and rarely in soft tissues and are 
characterized by typical neoplastic cells with large 
nuclei and eccentric cytoplasm with prominent 
eosinophilic, cytoplasmic inclusions [124]. 
Grossly, ERRTs are unencapsulated masses, usu-
ally less than 5 cm in diameter with a soft and gray 
cut surface with foci of coagulative and hemor-
rhagic necrosis. Genetically, an inactivation/dele-
tion of tumor suppressor gene SNF/INI1/SMARCB1 
has been described being involved in renal and 
extrarenal rhabdoid tumor pathogenesis [157].

a

b

Fig. 18.40 Extraskeletal Ewing’s sarcoma of the pelvis in 
a 36-year-old man. (a) CT after iodinated contrast injection. 
(b) Section at a lower level than in (a). Hourglass-shaped 
soft tissue tumor in the pelvis, with major tumor component 
in a right anterolateral position to the rectum and smaller 
component anteriorly in the right iliac fossa. Ill-defined, 
hypodense area without enhancement within the major 
tumor component, suggesting a necrotic center of the tumor 
(a). Necrotic areas within both tumor components are more 
clearly seen at the caudal section (b). Sequel from previous 
laparotomy and thickening of bowel walls following radio-
therapy are observed at both levels
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a c

b

Fig. 18.41 Extraskeletal Ewing’s sarcoma of the left 
thigh in a 29-year-old man. (a) Sagittal spin-echo 
T1-weighted MR image. (b) Axial spin-echo T2-weighted 
MR image. (c) Sagittal spin-echo T1-weighted MR image 
after gadolinium contrast injection. A large polylobular 
mass at the posterior aspect of the femur is seen. On the 
T1-weighted image, the lesion appears inhomogeneous, 
and signal intensity is nearly equal to that of surrounding 
muscle. Ill-defined, slightly hyperintense area posteriorly 
in the lesion suggests intratumoral hemorrhage. On the 
T2-weighted image, the polylobular shape of the lesion is 

confirmed by the presence of several lobules with differ-
ent appearances. Some lobules are very bright and contain 
low-intensity septations, while others have intermediate 
signal intensity, equal to that of fat. Demarcation from 
surrounding muscle and subcutaneous fat is sharp (b). 
Highly variable degree of enhancement is observed at the 
various tumor constituents. Pronounced, but inhomoge-
neous, enhancement is observed at the cranial parts of the 
tumor. A mottled, only slightly enhancing pattern is 
observed at the lower pole of the tumor (c)
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b

Fig. 18.42 Extraskeletal Ewing’s sarcoma at the 
infratrochanteric region of the left thigh in a 32-year-
old man. (a) Sagittal spin-echo T1-weighted MR 
image. (b) Axial spin-echo T2-weighted MR image. (c) 
Sagittal spin-echo T1-weighted MR image after gado-
linium contrast injection. The presence of a polylobular 
low- intensity mass medial to the proximal third of the 
left femur. The mass is homogeneous and slightly 
hyperintense to muscle on the T1-weighted image (a). 

On the T2-weighted image, the lesion has an inhomo-
geneous appearance. Signal intensity surpasses that of 
subcutaneous fat (b). After contrast medium injection, 
inhomogeneous pattern of enhancement is observed at 
the tumor. Central non-enhancing areas are likely to 
represent intratumoral necrosis (c). Notice the absence 
of bony erosion and cortical involvement despite the 
intimate contact over a long distance
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18.6.9.2  Incidence and Clinical 
Behavior

ERRT almost exclusively affects children  
or infants. To date, family history is only 
rarely described [14]. Soft tissue lesions arise 

most  frequently in deep, axial locations. 
Sometimes, the liver or mediastinum can also 
be affected [2]. A fatal clinical course with a 
5-year survival not exceeding 20 % is typical 
[124].

a b

c d

Fig. 18.43 Extraskeletal Ewing’s sarcoma in a 23-year- 
old patient. (a) Axial CT scan. (b) Axial T1-weighted MR 
image. (c) Axial T2-fs-weighted MR image. (d) Axial 
T1-fs-weighted MR image after gadolinium contrast 
injection. A 23-year-old patient presented with pain at the 
right chest wall for more than a month without known 
trauma. The CT scan showed a sharply lineated soft tissue 
mass encasing the seventh right rib with additional perios-

teal reaction. (a) The lesion was isointense to muscle on 
T1-weighted images (b) and homogeneously hyperin-
tense on T2-weighted images with fat suppression (c), 
showing an infiltration of the muscles of the thorax wall as 
well as leading to an impression of the liver. After intrave-
nous administration of gadolinium contrast heterogeneous 
enhancement, predominantly at the periphery of the lesion 
could be seen (d)
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a b

Fig. 18.44 Extrarenal rhabdoid tumor. (a) Coronal 
T1-weighted MR image after gadolinium contrast injec-
tion. (b) Axial T2-weighted MR image. One-year old 
patient with a metastasized hepatic rhabdoid tumor and a 

diffuse infiltration of the omentum (b), as well as lym-
phangiosis carcinomatosa of the right lung and innumer-
ous T2-isointense tumor nodules cervically (b)

18.6.9.3  Imaging
There are no specific studies describing imaging 
findings of ERRT, making biopsy crucial for 
diagnosis. ERRT, which can be locally invasive, 
demonstrates hypodensity on CT scans, and on 
MRI they present with hypointensity on 
T1-weighted images and heterogeneous hyperin-
tensity on T2-weighted images. Usually, ERRT is 
enhancing after contrast-agent administration [2, 
61] (Figs. 18.44 and 18.45).

18.6.10  Neoplasms with 
Perivascular Epithelioid Cell 
Differentiation (PEComa): 
Clear Cell Myomelanocytic 
Tumor

18.6.10.1  Definition
Neoplasms with perivascular epithelioid cell dif-
ferentiation (PEComa) include angiomyolipoma 
(AML) as the most common PEComa, lymphan-
gioleiomyomatosis (LAM), clear cell “sugar” 
tumor (CCST) of the lung, clear cell myomelano-
cytic tumor (CCMMT) of the falciform ligament/

ligamentum teres, and unusual clear cell tumors 
of the viscera. Typically, PEComas are mesen-
chymal tumors composed of epithelioid cells 
which are in perivascular location  sometimes 
showing intramural involvement and demon-
strate immunoreactivity to melanocytic and mus-
cle markers such as HMB-45, smooth muscle 
actin, and melan-A [95].

18.6.10.2  Incidence and Clinical 
Behavior

PEComa usually affects women in a wide vari-
ety of locations; however, bones are only rarely 
involved [40]. CCMMT is painful but benign 
and occur predominantly in young children [56]. 
PEComas located in the uterus can cause vaginal 
bleeding. In other locations, PEComas tend not 
to evoke symptoms. They can behave as benign 
lesions, but there have been reports of malignant, 
mostly epithelioid, AML [27, 94] and CCST 
[60].

18.6.10.3  Imaging
Since extrarenal AML of the soft tissues is 
extremely rare [78], little is known about the 
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imaging characteristics. Retroperitoneal extra-
renal angiomyolipoma has been described as 
hyperechoic in ultrasound and fat isodense on CT 
scans as well as T1-hyperintense with a marked 
hypervascularization and contrast enhancement 
[149, 154] (Fig. 18.46).

LAM normally manifests in the lung leading 
to interstitial reticular opacities. CT scans 
 demonstrate bilateral diffuse thin-walled cysts 
surrounded by normal lung parenchyma [1]. 
Moreover, unilateral or bilateral pleural effusions 
can frequently be seen. Extrapulmonal manifes-

a b

c d

Fig. 18.45 Extrarenal rhabdoid tumor in the left gluteal 
region of an 18-year-old patient. (a) Axial T1-weighted 
MR image. (b) Axial T2-weighted MR image. (c) Sagittal 
T2-weighted MR image with fat suppression. (d) Axial 
T1-fs-weighted MR image after gadolinium contrast 

injection. As described in literature, the lesion is isoin-
tense on T1-weighted images (a) and hyperintense on 
T2-weighted images (b) with inhomogeneous central 
enhancement (c)
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a b c

Fig. 18.46 Retroperitoneal angiomyolipoma in a 
45-year-old patient. (a) Axial T2-weighted MR image. (b) 
Axial T1-weighted MR image after gadolinium contrast 
injection. (c) ADC map. The well-demarcated lesion was 

iso- to hyperintense on T2-weighted images (a), while 
showing a strong enhancement (b) and a marked diffusion 
restriction (c)

a b

Fig. 18.47 Thoracic intimal sarcoma. (a) Axial 
T2-weighted MR image after gadolinium contrast injection 
and (b) axial CT image after contrast-agent injection. 
Intimal sarcomas typically present as enhancing filling 

defects in MRI or CT (a, b), which can mimic thromboem-
bolic disease especially when the wall-adherent material 
does not show enhancement or extraluminal growth 
(Courtesy of Prof. Dr. med. Claus Peter Heußel, Heidelberg)

tations are well demarcated and encapsulated and 
tend to show cystic changes [109].

CCMMT has only once been reported in the 
soft tissues of the thigh, showing a benign appear-
ance corresponding to their clinical behavior. 
Detailed MRI characteristics have not been 
described until the present [57].

To sum up, imaging of soft tissue PEComa is 
not specific, while lesions tend to show a high fat 

fraction, hypervascularization, and strong 
enhancement.

18.6.11  Intimal Sarcoma

18.6.11.1  Definition
Intimal sarcomas are rare malignant tumors of 
mesenchymal origin and arise mainly in large 
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arteries of the pulmonary or systemic circulation 
leading to vessel obstruction and embolic tumor 
dissemination. Histologically, they consist of 
cells of fibroblastic and myofibroblastic differen-
tiation, spindle cells, and myxoid areas [75]. An 
amplification of the 12q13–14 region as possible 
genetic marker has been described [18].

18.6.11.2  Incidence and Clinical 
Behavior

Intimal sarcomas mostly affect adults in their 
fifth decade. Pulmonary intimal sarcomas which 
are slightly more frequent in females are predom-
inantly located in the pulmonary trunk causing 
pulmonary embolic disease [22].

Aortic intimal sarcomas are mostly found 
between the celiac artery and the iliac bifurcation 
causing abdominal angina and intermittent clau-
dication of the lower extremities, as well as 
malignant hypertension or aneurysm forming.

Intimal sarcomas have a very poor prognosis 
with a mean survival times around 1 year depending 
on treatment and location/metastatic spread [139].

18.6.11.3  Imaging
While radiographs are usually not diagnostic, 
CT may show polypoid intraluminal soft tissue 
masses typical for intimal sarcomas (Fig. 18.47). 
If not polypoid and no other signs of malignancy 
are present, the non-enhancing defect may be not 
distinguishable from thrombus or embolus mate-
rial. Contrast-enhanced MRI can be more spe-
cific by detecting the tumoral vascularization 
which is not seen in thrombus formations [131].

Key Points

 1. When multiple intramuscular myxo-
mas are encountered, one should look 
for associated fibrous dysplasia to 
exclude Mazabraud’s syndrome.

 2. An amyloid tumor has a low signal 
intensity on all pulse sequences.

 3. The lack of high fat content is a key 
feature in differentiating aggressive 
angiomyxoma, a slowly growing neo-
plasm occurring in the pelvic soft tissue 
in women, from myxoid liposarcoma.

 4. Hemosiderotic fibrolipomatous tumor 
consists of adipocytes, fibrous tissue, 
and hemosiderin pigments and can 
therefore show a characteristic bloom-
ing in susceptibility-weighted imaging.

 5. Phosphaturic mesenchymal tumor 
causes systemic phosphate depletion 
and consequently an oncogenic osteo-
malacia. Whole-body MRI and scin-
tigraphy are the diagnostic tools of 
choice for finding the sometimes very 
small lesions.

 6. Synovial sarcoma is a misnomer, as it 
is not derived from true synovial cells.

 7. The presence of a triple signal on 
T2-weighted images together with 
high signal intensity areas on 
T1-weighted images and calcifications 
on CT scan or radiographs are sugges-
tive for a synovial sarcoma.

 8. A clear cell sarcoma should be consid-
ered in the differential diagnosis, when 
a well-defined extremity lesion with a 
relatively high signal intensity on 
T1-weighted images and strong 
enhancement pattern is seen in a young 
patient.

 9. Peripheral primitive neuroectodermal 
tumors and extraskeletal Ewing’s sar-
coma are small blue cell tumors, shar-
ing phenotypical and genotypical 
characteristics.

They are aggressive and poorly dif-
ferentiated neoplasms, occurring 
mainly in children and young adults.

 10. Askin’s tumor is a pPNET with prefer-
ential location at the thoracopulmo-
nary region.

 11. Imaging features of both pPNET and 
Ewing’s sarcoma are hard to differenti-
ate from other malignant soft tissue 
tumors; they frequently contain areas 
of cystic degeneration, necrosis, and 
hemorrhage.

 12. Contrast-enhanced MRI can help to 
distinguish thromboembolic disease 
from intimal sarcoma by detecting the 
tumoral vascularization.
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19.1  Undifferentiated/
Unclassified Sarcoma

USTS is defined as an STS with no identifiable 
line of differentiation when analysed by available 
histological, cytological and genetic tests. It must 
be emphasised that USTS is a diagnosis of exclu-
sion following thorough attempt to subclassify an 
STS.

USTSs do not have distinct clinical or morpho-
logical characteristics that would otherwise clas-
sify them under a specific type of sarcoma. There 
are a number of factors, which may significantly 
influence the pathologist to label a sarcoma as 

USTS. These include: (1) clinical context/patient 
age, (2) the extent of tissue sampling, (3) the 
availability of immunohistochemistry, (4) the 
availability of electron microscopy, (5) the avail-
ability of cytogenetic and molecular genetic test-
ing and (6) the experience of the pathologist [15].

Broad groups of USTS have been described, 
which is based on cell morphology: (1) spindle 
cell morphology (undifferentiated spindle cell 
sarcoma, ‘USCS’), (2) pleomorphic morphol-
ogy (undifferentiated pleomorphic sarcoma, 
‘UPS’), (3) round cell morphology (undifferen-
tiated round cell sarcoma, ‘URCS’), (4) epithe-
lioid morphology (undifferentiated epithelioid 
sarcoma, ‘UES’) and (5) undifferentiated sar-
coma (not otherwise specified, ‘USNOS’). As 
further genetic advances are made, new sub-
groups are being found. Multiple factors are 
involved in the ability to subclassify STSs. 
Whether or not a detailed attempt to subclassify 
USTS depends not only on the range of thera-
peutic options available but also on the tumour 
stage and the patient’s general clinical condition 
[15]. It is vital to ensure the tumour is a sarcoma 
and not a lymphoma, carcinoma or melanoma. 
An assessment also needs to be made of the 
likelihood that subclassification may have a 
therapeutic impact. This would be more rele-
vant, for example, in a round cell sarcoma rather 
than a pleomorphic sarcoma. Despite the reclas-
sification of MFH to UPS, studies have not dem-
onstrated any differences in overall survival, 
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local recurrence or distant metastasis [10]. This 
further indicates that histological subclassifica-
tion is only useful if it predicts clinical behav-
iour and prognosis and impacts treatment 
options [11, 23].

Attempts to subclassify round cell sarcomas 
(RCS) should be made for a number of reasons 
as it has the greatest clinical impact. Not only are 
they predominantly seen in young patients, they 
are among the most aggressive STSs, yet the 
most chemosensitive (Fig. 19.1). Thus, one 
should avoid the non- discriminatory label of 
URCS.

To optimise treatment, USCS should be differ-
entiated from two other spindle-celled sarcomas 
(monophasic synovial sarcoma and fibrosarco-
matous variant of dermatofibrosarcoma protuber-
ans (DFSP)).

Epithelioid sarcomas can be readily subclassi-
fied, and the differential diagnosis of UES is met-
astatic carcinoma or metastatic melanoma [15]. 
Once epithelial or melanocytic differentiation 
has been excluded, diagnosis of an UES can be 
made.

19.1.1  Epidemiology

USTS accounts for 20 % of all STSs and is the 
third most common STS subtype [36]. USTSs 
occur in all ages; however, URCS is more com-
monly seen in young patients, whereas UPS pre-
dominantly occurs in the elderly. USTSs may 
occur in any location; however, it most commonly 
occurs in the extremity (lower > upper) [34], fol-
lowed by the retroperitoneum and trunk. Around 
1–5 % of cases have been reported to arise in bone 
[27]. Male sex predominance (male/female ratio 
1.2:1) is reported in literature [25, 27].

The aetiology of USTS is unknown; however, 
approximately 25 % of USTSs are radiation 
induced [17, 22]. Two theories have been postu-
lated. The more common is that USTSs repre-
sent a common ‘morphologic pattern’, 
irrespective of its differentiation, rather than a 
specific type of malignancy. It is suggested that 
there is a final common pathway of cancer pro-
gression, in which tumours become progres-
sively more undifferentiated, resulting in a 
high-grade USTS [26]. The second theory  

a b

Fig. 19.1 (a, b) Round cell sarcoma (Ewing sarcoma). 
(a) Pre-chemotherapy axial T2FS MR image. (b) Post- 
chemotherapy axial T2FS MRI image. These pre- and 
post-chemotherapy images demonstrate that round cell 
sarcomas are very chemosensitive. The tumour in (a, 

black arrow) has significantly reduced as demonstrated in 
(b, white arrow), after appropriate chemotherapy was 
given to the patient. This case demonstrates the necessity 
to subclassify round cell sarcomas if possible
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proposes that  undifferentiated sarcomas are the 
result of transformation of mesenchymal stem 
cells, rather than the result of the loss of differ-
entiation markers from previously differentiated 
sarcomas [9, 13, 26].

19.1.2  Clinical Behaviour and Gross 
Findings

USTS has an aggressive clinical behaviour [18], 
presenting as a deep-seated, often intramuscular, 
painless solid mass [30]. Up to 5 % of cases dem-
onstrate extensive haemorrhage, presenting as a 
fluctuant mass and may be misinterpreted as a 
haematoma. Tumours can be between 5–15 cm 
and >20 cm when in the retroperitoneum. 
Therefore, an underlying malignancy should be 
excluded in those thought to have spontaneous 
musculoskeletal haemorrhage or a haematoma 
out of proportion to the degree of trauma [30]. 
Macroscopically, USTS has a pseudocapsule and 
is a pale fleshy mass with internal areas of haem-
orrhage or necrosis. USTS has a high propensity 
for local recurrence, with reported rates exceed-
ing 31 % [34] with 30–50 % of patients having 
metastases at the time of diagnosis [4]. About 
90 % of metastases are in the lung [32]. The over-
all 5-year survival is reported to be between 36 
and 50 % [4, 30].

The mainstay of treatment is surgical resec-
tion [8] with pre‐ or post‐operative radiotherapy 
[29]. Chemotherapy, including doxorubicin and 
ifosfamide, has also been used [8, 11].

19.1.3  Pathology

USTS can be subdivided according to the cellular 
morphology into spindle cell morphology, pleo-
morphic morphology, round cell morphology, 
epithelioid morphology and not otherwise speci-
fied. There is no specific characteristic feature 
between the subsets apart from their lack of an 
identifiable line of differentiation [16].

UPS can appear similar to other pleomorphic 
sarcomas with bizarre multinucleate giant cells 
[16]. USCS demonstrates a fascicular architecture 

with pale eosinophilic cytoplasm and tapering 
nuclei [16]. URCS has a round/oval cellular mor-
phology with high nuclear to cytoplasmic ratio. 
As mentioned previously, it is important to ensure 
that a URCS is not in fact an Ewing sarcoma. 
Little knowledge of UES exists [37], but it closely 
resembles metastatic carcinoma or melanoma.

In the future, further genomic profiling and 
identifying chromosomal translocations will 
enable some of the seemingly undifferentiated 
sarcomas to be subtyped [3, 5, 6, 28]. Although 
by definition, a USTS has no reproducible immu-
nophenotype, pattern of protein expression and 
no line of differentiation.

19.1.4  Genetics

Two different entities have been reported for 
URCS and USCS, both arising in children and 
young adults. There are those sarcomas with 
fusions of EWSR1 to non-ETS transcription fac-
tor genes such as SP3, PATZ1, POU5F1, 
SMARCA5 or NFATC2. These are often classified 
as URCS rather than an Ewing sarcoma [16]. 
However, there remains uncertainty whether 
these tumours represent a distinct entity or a vari-
ant of Ewing sarcoma.

There is another group of undifferentiated 
tumours with reported distinct genetic events. 
One involving CIC-DUX4 gene fusion resulting 
from a chromosomal translocation of t(4;19)
(q35;q13) or t(10;19)(q26.3;q13). The second 
genetic abnormality involves a BCOR-CCNB3 
gene fusion, as the result of an inversion of the 
X-chromosome. Studies suggest this may repre-
sent a distinct entity [35]. These tumours are 
clinically treated as an Ewing sarcoma. There 
have been a number of irreproducible chromo-
somal aberrations detected in URCS and USCS 
[1, 2, 21, 38, 39].

UPS, including many tumours formerly called 
MFH, generally have complex and non-specific 
karyotype. To date, a number of cytogenetic 
abnormalities have been reported [14, 16]. These 
studies further consolidate the evidence that UPS 
is characterised by various complex chromo-
somal gains and losses.
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19.1.5  Imaging Findings

USTS is a histological diagnosis of exclusion and 
imaging appearances are non-specific [12].

Radiographs may be normal or reveal a non- 
specific soft tissue density, which is often greater 
than 5 cm in diameter (Fig. 19.2). Radiographs 
can detect periosteal reaction, cortical erosion 
and pathologic fracture [30]. Calcification or 
ossification can be detected in 5–20 % of patients 
[24, 27]. Calcifications within the tumour may be 
punctate or curvilinear. Peripheral heterotopic 
bone formation may be present and can mimic 
myositis ossificans.

USTS on ultrasound is non-specific, but typi-
cally is a well-defined heterogeneous mass. 
Hyperechoic areas represent a cellular composi-
tion, and hypoechoic regions represent necrotic 
or haemorrhagic tissue (Fig. 19.3). USTS demon-
strates increased Doppler signal (Fig. 19.4). 
Ultrasound is the modality of choice for image- 
guided biopsy and can be used to target suitable 
areas for biopsy, avoiding necrotic components 
and the feeding vessels.

On unenhanced CT, USTS is often a large, 
lobulated, soft tissue mass, hypo- to isodense to 
muscle. There are intralesional areas of low 
attenuation (myxoid, haemorrhage or necrosis). 
Solid portions of the USTS can demonstrate a dif-
fuse heterogenous pattern or a nodular and 
peripheral pattern of enhancement post-contrast 
[7, 19] (Fig. 19.5). Fat attenuation is not observed 
in these tumours, and its presence is suggestive of 
a liposarcoma. CT may be used to evaluate the 
internal matrix and assess underlying bony struc-
tures for cortical erosion or periosteal reaction. 
Approximately 10 % of retroperitoneal lesions 
demonstrate calcification.

MRI provides the best assessment of the size 
and extent of the lesion and its relation to the adja-
cent bones, soft tissues and the neurovascular bun-
dle. As with other modalities, the MRI features are 
non-specific. USTS is commonly intermediate to 
low intensity on T1-weighted images (WI) and 
intermediate to high on T2-WI [31] (Fig. 19.6). 

The signal intensity heterogeneity is related to the 
tumour components: fibrous tissue with high col-
lagen content (low signal intensity on all pulse 
sequences), myxoid tissue (low signal intensity on 
T1 weighting and high signal intensity on T2 
weighting) and haemorrhage (variable signal 
intensity with or without fluid- fluid levels) [20, 
31] (Fig. 19.7). Tumours with extensive necrosis 
appear cystic. Calcification may present as foci of 
low signal on both T1-WI and T2-WI. Tumour 
margins are relatively well defined, often with a 
low signal intensity margin, representing a pseu-
docapsule. Aggressive tumours such as USTSs 
emphasises that the presence of a well-defined 

Fig. 19.2 Radiograph of biopsy confirmed USCS. The 
radiograph demonstrates a bulging dense solid mass at the 
wrist

A. Shah et al.



487

margin is a poor  radiological indicator of malig-
nancy. As with CT, solid components of USTS 
typically reveal nodular and peripheral enhance-
ment (Fig. 19.6d, e).

USTS demonstrates avid uptake on 
18F-fluorodeoxyglucose positron emission 
tomography-computed tomography (18F-FDG 
PET-CT) (Fig. 19.8) and is useful in defining 
not only the extent of the tumour, but the pres-
ence of metastatic spread [32]. Increased uptake 
can be seen on 99mTc bone scintigraphy and is 
useful for detecting osseous metastases. As the 
tumours are hypervascular, increased radionu-
clide uptake on both dynamic and blood pool 
images can be seen.

Fig. 19.3 UPS of the thigh. Longitudinal panoramic 
ultrasound of a deep soft tissue mass in thigh demon-
strates a heterogeneous solid mass with a hypoechoic 
 centre. This represents haemorrhage/necrosis, which is 

frequently seen in USTSs. Ultrasound is the modality of 
choice for image-guided biopsy and can be used to target 
suitable areas for biopsy, avoiding haemorrhagic/necrotic 
components

a b

Fig. 19.4 (a) and (b) transverse Doppler ultrasound of a solid thigh mass. The tumour in (a) and (b) demonstrates 
increased Doppler signal. Biopsy of the tumour in (a) confirmed a UPS and in (b) a USCS

Fig. 19.5 Contrast-enhanced axial CT demonstrates a 
peripheral enhancing (black arrow) soft tissue mass with 
a non-enhancing necrotic centre (white arrow). Biopsy 
confirmed a UPS (Color figure online)
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a b

c d

e

Fig. 19.6 (a–e) USTS of the thigh. (a) Axial T1-weighted 
MR image. (b) Axial T2-weighted MR image. (c) Coronal 
STIR MR image. (d) Axial pre-contrast T1FS. (e). Axial 
post-contrast T1FS. The MRI features of an USTS are 
non-specific. USTSs are commonly intermediate to low 
intensity compared to skeletal muscle on T1-weighted 

images (a). Intralesional areas of high T1 SI represent 
blood (a, arrow) and can be confirmed on fat suppression 
images. The tumour is intermediate to high on T2-weighted 
and fluid-sensitive images (b, c). Solid components of a 
USTS typically demonstrate contrast enhancement (d, e). 
Biopsy of this mass confirmed an UPS
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Fig. 19.7 Axial T1-weigthed MR image of a USCS of the 
wrist. Intralesional haemorrhage is often seen with USTS. 
The peripheral low T1 SI of the mass corresponds to solid 
components, and the intralesional high T1 SI (star) repre-
sents blood

a b

Fig. 19.8 (a, b) UPS of the knee. (a) Axial STIR MR 
image. (b) Axial 18F-FDG PET-CT. The hyperintense sub-
cutaneous soft tissue mass seen adjacent to the lateral 

femoral condyle (a) demonstrates areas of avid uptake on 
the PET-CT (b)
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19.1.6  Differential Diagnosis

The imaging appearances of USTS have consid-
erable overlap between different types of sarco-
mas, and no significant differences in the intrinsic 
characteristics of these lesions have been 
described [40]. Differential diagnosis includes 
liposarcoma, leiomyosarcoma, rhabdomyosar-
coma, Ewing sarcoma, synovial sarcoma, myosi-
tis ossificans and haematoma.
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20.1  Introduction

The synovial membrane is derived from embry-
onic mesenchyme and lines nonarticular areas in 
synovial joints (inner surface of the capsule), bur-
sae, and tendon sheaths. The synovium is a special 
collagenous tissue that elaborates synovial fluid 
which lubricates the articular surface movement. 
Cells of the synovial membrane regulate the 
exchange of substances between blood and syno-
vial fluid, and they synthesize hyaluronate, which 
is a major component of the synovial fluid [5]. 
There are considerable differences in the appear-
ance of the synovial membrane, depending on 
local mechanical factors and the nature of the 
underlying tissue. For instance, in high- pressure 
joints the synovium is flat and acellular, whereas 
in low-pressure joints it resembles cuboidal or 
columnar epithelium [46].

In most radiological textbooks, discussion of 
synovial tumors includes benign cystic synovial 
tumors, giant cell tumors, pigmented villonodu-
lar synovitis (PVNS), and synovial sarcoma.

However, according to the World Health 
Organization Classification of Tumors (2013), 
PVNS and giant cell tumors are classified as so- 
called fibrohistiocytic tumors [24]. Therefore, 
these tumors are discussed more appropriately in 
Chap. 14.

Synovial sarcoma has been known for longer 
time as a misnomer, as it is not derived from 
true synovial cells. Currently, synovial sarcoma 
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is regarded as a malignant tumor of uncertain 
differentiation [24]. It will be discussed in 
Chap. 18.

20.2  Benign Synovial Lesions

20.2.1  Benign Cystic Lesions

There are several types of cystic para-articular 
soft tissue lesions, like synovial cysts, ganglion 
(cysts), and bursae. As there is much controversy 
in the radiological literature about the nomencla-
ture and classification of these benign para- 
articular cystic lesions, we will first propose a 
logical classification, related to their possible 
pathogenesis, before discussing their appearance 
on imaging.

Cyst mimickers such as infectious processes, 
traumatic lesions, vascular lesions, and neo-
plasms [97] will be discussed in other chapters of 
this book.

20.2.1.1  Classification 
and Pathogenesis

Cystic lesions can be divided into four categories, 
mainly based upon the combination of two crite-
ria (Table 20.1) [56, 103]:

 1. The anatomical location and relationship with 
the adjacent joint, e.g., a communicating stalk 
with the joint. This communication can be 
visualized by imaging [109] or can be surgi-
cally proven.

 2. The histological composition of the cyst wall 
and the contents.

(Arthro)synovial Cyst The term synovial cyst 
describes a continuation or herniation of the 
synovial membrane through the joint capsule. In 
the French literature, the term “arthrosynovial” 
cyst is preferred, which refers to their intimate 
relationship with the adjacent joint. Indeed, there 
is always a communication with the adjacent 
joint, and the histological composition is identi-
cal to that of the joint cavity; the wall consists of 
fibrous tissue lined with synovium continuous 
with the synovial membrane of the joint. It repre-
sents a collection of synovial fluid, lined by a 
continuous layer of “true” synovial cells, and is 
considered to be true cyst. The histological com-
position of a synovial cyst may change in time 
and as accumulated fluid becomes more viscous. 
This may result in increased pressure within the 
cyst and communication with the joint may 
become interrupted. Due to increased intracystic 
pressure, the layer of lining cells disappears and 
the cyst is transformed into a ganglion cyst (see 
infra) [81]. The presence of synovial cysts is 
always associated with increased joint effusion, 
which leads to increased intra-articular pressure, 
regardless of the underlying joint abnormality 
[66] that causes herniation of joint fluid and 
synovium through a “locus minoris resistentiae” 
of the joint capsule.

Baker’s cyst or popliteal cyst is the most char-
acteristic example of a synovial cyst. It is a fluid- 
filled mass which represents a distention of a 
preexisting bursa in popliteal fossa, the medial 
gastrocnemius–semimembranosus bursa, which 
results from an extrusion of synovial fluid through 
a breach between the medial gastrocnemius 

Table 20.1 Classification of para-articular cystic lesions

Communication 
with joint Wall composition Cell lining Contents

(Arthro)synovial 
cyst

Present Continuous 
mesothelial lining

“True” synovial cells Mucinous fluid

Ganglion (cyst) May be present Discontinuous 
mesothelial lining

Flattened pseudosynovial 
cells

Mucinous fluid

Bursitis de novo Absent Fibrous wall No mesothelial lining Fibrinoid 
necrosis

Bursa (permanent) Absent Continuous 
mesothelial lining

“True” synovial cells Mucoid fluid
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 muscle and semimembranosus tendon [30, 36] 
(Fig. 20.1). There is a joint connection as “ball- 
valve”-like mechanism, which is opened during 
knee flexion and closed during extension [2, 59, 
79]. Other examples can be seen near other joints 
(spine, shoulder [98], elbow, hip [54, 85], hand 
[60], foot, and ankle [80]), but are less frequent. 
They are usually associated with joint diseases 
[8], such as labral tears [54, 85, 98], osteoarthro-
sis, and inflammatory and posttraumatic joint 
diseases [11, 25, 26, 34, 36, 63, 100, 108].

Ganglion (Cyst) Ganglia are benign cystic 
lesions that arise from the joint capsule or tendon 
sheath, most commonly from the limb joints, 
with rare occurrence at the spine. They contain 
mucinous fluid, which is highly viscous, protein-
aceous material, rich in hyaluronic acid, glycos-
amine, albumin, and globulin [68], but their wall 
consists of a (discontinuous) layer of flattened 
pseudosynovial cells, surrounded by dense 
fibrous connective tissue (pseudocapsule) [41, 
56, 61, 72, 102–104]. They are not true cysts 
because they lack a cellular lining and are made 
of a gelatinous, viscous material [13]. A commu-
nication with the adjacent joint is not always 
present (40–100 % of the cases) [88, 89, 112].

The pathogenesis of ganglion cysts is contro-
versial. Several theories have been proposed, 
including displacement of the synovial tissue 
during embryogenesis, proliferation of pluripo-
tential mesenchymal cells, mucoid degeneration 
of collagen, degeneration of connective tissues 
after trauma and repetitive microtraumas 
(degenerative theory), and migration of synovial 
fluid into the cyst (synovial herniation theory) 
[15, 29, 57, 101]. Pathogenesis is usually 
multifactorial.

Based upon the similar appearance on imag-
ing and surgery and on the similar wall compo-
sition of synovial cysts and ganglion cysts, we 
believe that the synovial herniation hypothesis 
is the most satisfactory. According to this the-
ory, both synovial cysts and ganglion cysts are 
formed by a herniation of synovium through a 
breach in the adjacent articulation. Ganglion 
cyst could represent an advanced stage of a 
synovial cyst which underwent histological 

changes due to increased intracystic pressure 
[81] which proved that both types of para-artic-
ular cysts are variants of the same disease spec-
trum. At one end of the spectrum, we have the 
pure (arthro)synovial cysts, which represent an 
extension of the joint cavity outside the joint, 
caused by herniation through a “locus minoris 
resistentiae” within the joint capsule. This 
explains why the histological composition of 
those cysts is exactly a copy of that of the adja-
cent joint and why the cellular lining consists of 
a continuous layer of “true” synovial cells. As 
those cysts grow and may extend further away 
from the joint into the soft tissues, they may 
undergo degenerative changes. First, the cellu-
lar lining may become discontinuous and indi-
vidual cells may flatten, as they may be subject 
to fluctuations in intracystic pressure. This 
results in para-articular cysts, in which the wall 
composition consists of a discontinuous layer of 
pseudosynovial cells. Ultimately, the original 
communication with the joint may be obliter-
ated. Therefore, at the other end of the disease 
spectrum, a ganglion cyst may represent an 
advanced degenerative stage of a synovial cyst, 
in which the continuous synovial lining and the 
communication with the joint may be lost dur-
ing the process of degeneration (Fig. 20.2). 
Meniscal and ganglion cysts are commonly 
associated with degeneration of underlying ana-
tomic structures [101].

The following arguments support the “syno-
vial” theory in their pathogenesis:

 1. The similar histological composition of syno-
vial and ganglion cysts: both the contents 
(mucinous fluid) and the cellular lining are 
very similar (continuous layer of true synovial 
cells in arthrosynovial cysts versus a discon-
tinuous lining of flattened pseudosynovial 
cells in ganglion cysts).

 2. The morphology of some ganglion cysts, e.g., 
their course along capsular arteries or capsular 
nerve branches, may explain a peculiar form. 
This is especially true for adventitial cystic 
disease and perineural cysts, which can be 
considered as variants of ganglion cysts [60, 
79, 81] (Fig. 20.3).

20 Synovial Lesions
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 3. Functional arguments
• When the para-articular cyst is directly 

injected or after arthrography of the adjacent 
joint, there is often a delayed opacification of 
the joint or cyst, respectively [56, 57].

The fluctuating volume of some cysts, some-
times complicated by rupture (Figs. 20.4 and 

20.5), argues for a communication with the adja-
cent joint, which acts as a reservoir of synovial 
fluid [56, 69, 84, 103].

Kumarasamy et al. reported a theory for 
explaining of the ganglion within the tendons; 
either mucinous degeneration of fibrous tissue or 
herniation of hypersecreting synovium of adjacent 

a b c

Fig. 20.2 (a–c) Pathogenesis according to the “synovial 
herniation hypothesis” of (a) (arthro)synovial cyst: this 
lesion originates from a herniation of the synovial mem-
brane through the joint capsule. The histological composi-
tion is identical to the joint cavity, and the cellular lining 

consists of true synovial cells; (b, c) ganglion cyst: during 
the process of degeneration, and increased intracystic 
pressure, the cellular lining may change, partially disap-
pear, and become discontinuous. Ultimately, the original 
communication with the joint may be obliterated

Fig. 20.1 (a–h) Synovial cyst – Baker’s cyst in different 
patients: (a) axial fat-suppressed turbo spin echo 
T2-weighted MR image; (b) sagittal fat-suppressed pro-
ton density MR image. (c) lateral radiography of the 
right knee; (d) computed tomography; (f) axial fat- 
suppressed proton density MR image; (e) sagittal fat-
suppressed proton density MR image. (g) axial 
ultrasound of the popliteal fossa; (h) longitudinal ultra-
sound of the popliteal fossa in another patient. Soft tis-
sue mass in the popliteal fossa with typical extension 
toward the joint which is well appreciated on the axial 
and sagittal MR images. Due to its fluid content, the 
lesion is of high signal intensity on T2-WI (a, b). 
Another patient with soft tissue mass in the popliteal 
fossa, with internal secondary osteochondromatosis, due 
to long- standing degenerative joint disease presented 
with calcifications at radiography (c) which is well 
depicted on computed tomography (d). Baker’s cyst on 

CT is shown as hypodense lesion with sharp delineated 
hyperdense borders (d). On axial and sagittal MR 
images, intralesional calcifications are of low signal 
intensity (e, f). In a third case, ultrasound shows an 
uncomplicated Baker’s cyst as an anechoic, well-demar-
cated lesion. The lesion has a deep and a superficial 
component and typically extends between the medial 
gastrocnemius muscle and semimembranosus tendon 
(g). In case of cyst rupture, ultrasound reveals volume 
decrease of the cyst compared to previous images and 
presence of fluid around the cyst extending to the calf 
(h). A Baker’s cyst represents a distended gastrocne-
mius–semimembranosus bursa and is lined by a normal 
synovial membrane. It may be the result of increased 
intra-articular pressure in cases of joint effusion. In the 
knee joint, these effusions are often associated with 
meniscal tears, rheumatoid disease, osteochondral 
lesions, or degenerative disease
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a b

Fig. 20.3 (a, b) Adventitial cystic disease of the popli-
teal artery. (a) Longitudinal and (b) axial Doppler ultra-
sound. Note anechoic lesion within the wall of the 
popliteal artery (asterisks on (a) and calipers on (b)). The 
lumen of the artery is patent and shows colored Doppler 
signal. Note also the presence of a small arterial branch 

communicating with the main artery on the longitudinal 
image (a). Adventitial cyst may result from dissection of 
fluid around articular branches of arteries, veins, or 
nerves. On ultrasound, it presents as an anechoic cystic 
lesion near by the colored arterial flow (a, b)

a

c

b

Fig. 20.4 (a–c) Ultrasound of a ruptured Baker’s cyst in 
a 68-year-old female with rheumatoid arthritis: (a) axial 
image shows a typical Baker’s cyst extending between the 
medial gastrocnemius muscle and semimembranosus ten-
don. The wall is thickened due to inflammation. Note also 

some intralesional septations and subtle vascularity due to 
inflammation; (b) longitudinal image shows pointing of 
the inferior border of Baker’s cyst in keeping with cyst 
rupture. (c) Longitudinal image of the calf shows diffuse 
edema within the subcutis
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joints through a one-way valve type of mechanism 
may cause intratendinous cysts [2].

Ganglion cysts may be located anywhere 
around the joints. A para-articular location in fat 
layers (Figs. 20.6, 20.7, 20.8) or muscle (Fig. 20.9) 
is most frequently seen. Dissection of fluid around 
arteries or veins or nerves results in adventitial 

cystic disease [105] or peri- or intraneural cysts 
[52, 73, 106] where anatomic explanation is vicin-
ity to neurovascular bundle. Adventitial cyst dis-
ease is found within a vessel wall (arteries or 
veins), and vascular branch would be the conduit 
from the joint, leading to dissection to the main 
parent vessel with accumulation of a mucinous 

a b

dc

e

Fig. 20.5 (a–e) Ruptured ganglion cyst in the lower leg 
of a 54-year-old man: (a) ultrasound; (b) CT without con-
trast injection; (c) axial spin echo T1-weighted MR 
image; (d) axial turbo spin echo T2-weighted MR image; 
(e) axial spin echo T1-weighted MR image after gadolin-
ium contrast injection. Ultrasound clearly shows a multi-
loculated cystic lesion in the lower leg (a). The image 
corresponds perfectly with the findings on nonenhanced 
CT (b). The lesion is clearly delineated with sharp bor-

ders. The adjacent fibular bone is not eroded. The MRI 
examination (c–e) was performed 2 weeks later. The cyst 
is ruptured, and there is fluid in the inter- and intramuscu-
lar fat planes (d). There is no evidence of hemorrhage (c). 
After gadolinium injection (e) enhancement is seen in the 
periphery of the lesion as a result of local inflammatory 
changes. This may lead to confusion in the differential 
diagnosis against other inflammatory soft tissue changes
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substance within the adventitia (Fig. 20.3) [65, 
74, 90]. Articular (synovial) theory explains intra-
neural ganglion cysts with joint fluid dissection 
within an articular branch and extending to the 
parent nerve [90, 94, 112], where joint connection 
was found in 40 % [88, 89] to 100 % of the cases, 
which was an explanation for the cyst recurrences 
[112]. High is the percentage (53 %) of the extra-
neural rupture of intraneural cysts [84]. The most 
common location of an intraneural ganglion cyst 
is in the peroneal nerve at the level of the fibular 
head [88–90], followed by the tibial nerve at the 
superior tibiofibular joint and ankle, the ulnar 
nerve at the elbow, the median nerve at the wrist, 
and the suprascapular nerve at the glenohumeral 
joint [93]. The presence of a combination of intra-
neural ganglia and vascular adventitial cysts in the 
same patient suggests that their content can dis-

a

b

Fig. 20.6 (a, b) Ganglion cysts in the subcutaneous fat 
of the dorsum of the foot: (a) sagittal fat-suppressed 
T2-weighted MR image; (b) short-axis T2-weighted MR 
image. Within subcutaneous tissue of the dorsum of the 
foot, there are multiple ganglion cysts which present 
ovoid, well-demarcated high signal intensity lesions (a, 
b). There is no obvious communication with the adjacent 
joints

a

b

Fig. 20.7 (a, b) Ganglion cyst on the wrist in tennis 
player: (a) longitudinal ultrasound; (b) longitudinal 
Doppler ultrasound. On ultrasound, note a polylobulated 
anechoic, relatively well-demarcated lesion (a). On 
Doppler ultrasound, there is distension of the ganglion 
cyst with displacement of an adjacent blood vessel (b)
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sect from a joint along neurovascular bundles 
[93].

A meniscal cyst (parameniscal ganglion cysts) 
is formed adjacent or within the menisci (Fig. 20.10) 
and is considered as a particular form of a ganglion 
cyst, in which synovial fluid is extruded through a 
horizontal meniscal tear (Fig. 20.10a), due to trans-
location of synovial cells or extravasation of syno-
vial fluid into the meniscus [95], and accumulates 
at the menisco- capsular margin, resulting in an 
encapsulated mass around the meniscus [11, 31, 
38]. Meniscal cysts are lined by flat spindle-shaped 
cells, have no synovial lining, and are characterized 
by myxoid contents [40], and the wall is formed of 
dense fibrous connective tissue (not synovium) as a 
distinguishing feature [36].

a b

Fig. 20.8 (a, b) Ganglion cysts of the proximal tibiofibu-
lar joint. (a) Coronal fat-suppressed proton density MR 
image; (b) sagittal fat-suppressed proton density MR 
image. Anterior to the proximal tibiofibular joint, there is 

polylobulated cystic lesion containing intralesional septa. 
The lesion is clearly demarcated from the surrounding tis-
sue (a, b)

Fig. 20.9 Intramuscular ganglion cyst. CT scan of the 
left lower leg shows a sharply demarcated low-density 
lesion within the medial gastrocnemius muscle
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Other examples of intra-articular locations 
are paralabral (Figs. 20.11 and 20.12) (shoulder 
and hip) and cruciate ligament cysts (Fig. 20.13) 
[31, 115]. The full-thickness tears at the transi-
tional zone of the labrum of the hip, which is 
with relative hypovascularity (“watershed 
zone”), as a weak point, may be a key factor in 

the development of paralabral cysts [55, 62]. On 
MR arthrography in 94 % of the cases, paralabral 
cysts of the hip are filled with intra-articular con-
trast material [55]. Arthrosynovial cyst of the hip 
joint can be developed after total hip arthroplasty 
as a sign of a deteriorating prosthesis surface 
[51]. A similar case was reported after primary 

ca

b

d

e

Fig. 20.10 (a–d) Meniscal cyst in different patients: (a) 
coronal T2-weighted fat-suppressed MR image; (b) axial 
T2-weighted fat-suppressed MR image; (c) longitudinal 
ultrasound; (d) coronal fat-suppressed proton density MR 
image. On coronal and axial MR image, multicystic lesion 
extruded from the peripheral border of the lateral menis-

cus, which is associated with horizontal meniscal tear 
(arrow) (a, b). In a second patient, meniscal cyst is well 
depicted on ultrasound as anechoic lesion adjacent to the 
posterior horn of medial meniscus (c). The transverse 
meniscal tear is seen on the MR image. (arrow) (d)
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total knee arthroplasty where popliteal cyst con-
tains polyethylene debris, confirming joint com-
munication [67].

A possible cause of intra-articular ganglion 
cyst is repetitive minor trauma [6, 53, 68] and 
most commonly is associated with the anterior 
cruciate ligament (Fig. 20.13), but can also 
occur at the posterior cruciate ligament, poste-
rior joint capsule, and infrapatellar fat pad, 
from chondral fractures or with subchondral 
bone cysts [3, 6, 19, 31, 42, 47, 53, 68, 86, 111].

Recent reports indicate that all juxtafacet cysts 
(either synovial, ganglion, and flavum ligament 

cysts) arise from degenerated facet joints [27, 48, 
71, 92] with increased segmental motion as a 
trigger for herniation of the facet joint synovium 
[4, 16].

Rare localizations include temporomandibular 
joint [35], ganglia arising from the transverse 
acetabular ligament [10], and a ganglion cyst 
arising from the anterior horn of the medial 
meniscus impinged between the medial meniscus 
and the anterior cruciate ligament [31].

Extracapsular ganglia may arise from the 
medial or from the lateral head of the gastrocne-
mius muscle with “bunch of grapes” appearance 

ba

c

Fig. 20.11 (a–c) Ganglion cyst in the spinoglenoid 
notch of the shoulder (paralabral cyst): (a) ultrasound 
axial section; (b) axial T2-weighted MR image; (c) coro-
nal fat- suppressed T2-weighted MR image. On ultra-

sound, there is a well-demarcated anechoic lesion (a) 
which is of high signal intensity on T2-weighted MR 
image and is located at the spinoglenoid notch of the 
scapula (b, c)
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[23, 39] or intramuscular ganglia within the per-
oneus longus muscle [58] or within the tendon of 
semimembranosus muscle, few centimeters 
above the insertion of the muscle without 
 communication with the knee joint or any adja-
cent bursae [2, 44]. The bicipital intertubercular 
groove very rarely serves as the origin of an 

intra- articular ganglion cyst of the long head of 
the biceps tendon, which on MRI can be pre-
sented as cyst of the biceps tendon in the intertu-
bercular groove with extension to the shoulder 
joint [83].

Other para-articular locations such as the sub-
periosteal area of the diaphyses of the long bones 

a b

c

Fig. 20.12 (a–c) Paralabral cyst of the left hip. (a) 
Standard radiograph; (b) axial fat-suppressed T2-weighted 
MR image; (c) coronal fat-suppressed TSE T2-weighted 
MR image. Plain radiography (a) reveals the presence of a 
sclerotic defined erosion at the superolateral aspect of the 
left acetabulum (arrows). On axial and coronal FS TSE 
T2-weighted MR images, there is a multicystic structure 
within the acetabular labrum, extending at the lateral 

aspect of the left acetabulum, causing pressure erosion (b, 
c). Note also the presence of internal bone debris on the 
standard radiographs (a), which appears as hypointense 
dot-like structures within the labral cyst on the FS TSE 
T2-weighted MR images. There is bone marrow edema at 
the lateral aspect of the left femoral head, as well as in the 
acetabulum, due to preexisting osteoarthrosis of the hip
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(periosteal ganglion) are rare [46, 57] (Fig. 20.14), 
while intraosseous ganglia are frequent.

Bursa De Novo (Adventitious Bursa)  
Inflammation of connective tissue in areas subject 
to chronic frictional irritation may result in fibri-
noid necrosis, with formation of a bursa de novo 

or an adventitious bursa. This consists of a cystic 
structure filled with cellular debris, extracellular 
fluid, altered ground substance, and inflammatory 
exudate [107]. The first metatarsophalangeal joint 
is the most typical location, although other areas 
of chronic friction may provoke formation of an 
adventitious bursa (e.g., bursitis de novo at the 

ba

c

Fig. 20.13 (a–c) Ganglion small cysts of anterior cruci-
ate ligament. (a) Sagittal fat-suppressed proton density 
MR image; (b) coronal fat-suppressed proton density MR 
image; (c) axial fat-suppressed proton density MR image. 
The fibers of the anterior cruciate ligament are inter-

spersed by elongated elliptic small areas of high signal 
intensity which are clearly delineated on sagittal image 
(a). On coronal and axial image may be difficult to distin-
guish anterior cruciate ligament cysts from partial tears of 
the ACL (b, c)
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a

b c

Fig. 20.14 (a–f) Subperiosteal ganglion cyst of different 
patients: (a) radiography; (b) ultrasound, longitudinal sec-
tion; (c) ultrasound, axial section; (d) axial T1-weighted 
MR image; (e) axial T1-weighted fat-suppressed 
 gadolinium-enhanced MR image; (f) axial T2-weighted 
fat-suppressed MR image. At radiography a discrete ele-
vation of the periosteum can be seen at the medial aspect 
of tibia (arrow) (a). On ultrasound, ganglion cyst is pre-
sented as well-demarcated anechoic lesion (measure-
ments) adjacent to outer hyperechoic cortex of the tibia 

(b, c). On T1-weighted image, the lesion is with interme-
diate signal intensity with broad base at the outer aspect of 
the tibial cortex elevating the periosteum (arrow) and 
extruding to the subcutaneous tissue (near skin marker) 
(d). The lesion is with low signal intensity on 
 fat-suppressed T1-weighted image after gadolinium con-
trast enhancement (e) and with very high signal intensity 
on fat-suppressed T2-weighted image, presented in 
another patient, where elevated periosteum can be seen 
(arrows) (f)

medial side of medial malleolus in skaters due to 
chronic friction) (Fig. 20.15) [18].

Bursa Bursae are enclosed flattened sacs, 
synovium-lined structures, which are normally 
interposed between ligaments or tendons and 

adjacent bony surfaces. Its main function is to 
reduce friction between adjacent moving struc-
tures. They have an anatomically predisposed 
topography, with or without connection to joint 
spaces. Containing a small amount of lubricating, 
mucinous fluid normally is quiescent and is 
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 normal not to be visualized on MR images [6, 14, 
61]. Bursitis is an inflammation of a bursa, and/or 
filled with abnormal accumulation of fluid [7, 
14], usually due to chronic mechanical friction, 
but may be also caused by an infectious or rheu-
matoid disease, overuse, trauma, and hemorrhage 
[37]. The presence of internal joint derangement, 
and collagen vascular diseases, may cause thick-
ening of the synovial lining with increasing of 
fluid content within bursa [7] (Figs. 20.16, 20.17, 
and 20.18), and the presence of internal loose 
bodies, synovial debris, or bleeding may give 
heterogeneous appearance to bursa (Fig. 20.15c).

In extra-articular cysts (e.g., prepatellar bursi-
tis), there is associated intra-articular derange-
ment [30] (Fig. 20.19).

20.2.1.2  Clinical Manifestations
Clinically, these cysts present as palpable soft tis-
sue masses. There may be associated symptoms 
related to underlying intra-articular pathology 
[43]. Symptoms are nonspecific including local 
pain or limitation of joint mobility and are usu-
ally due to mass effect on the surrounding tissues 
[17, 33, 37, 41, 60, 78, 112, 115]. Tenderness 
may be caused by expanding cyst, which is 
enlarged into the calf with compression of the 
adjacent structures, causing symptoms from the 
popliteal vein compressions [33] or direct com-
pression of the artery with resultant ischemia 
[115]. Depending on cyst size and location, they 
may cause peripheral nerve compression [41, 50, 
60, 112] leading to entrapment symptoms [115], 
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d

Fig. 20.14 (continued)
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compressive median nerve neuropathy (carpal 
tunnel syndrome) [45, 75], or very rare ulnar 
nerve compression in Guyon’s canal with sudden 
decrease of strength or sensory loss [49]. 
Intraneural ganglion cysts may cause progressive 
paralysis [78]. Small cysts are usually asymptom-
atic. Symptoms of intra-articular ganglion cyst 
include clicking or popping sensations and 
decreased range of motion [3, 19, 68]. Ruptured 
popliteal cysts and leakage of synovial fluid result 
in tenderness, erythema, and warmth of the calf. 
Pseudo- thrombophlebitis is a well-known com-
plication, due to rupture of a Baker’s cyst [21].

However, cystic lesions often are asymptom-
atic [37, 76] and may be discovered during rou-

tine MR imaging of the joint for suspected 
internal derangement [89].

20.2.1.3  Imaging
The role of imaging is to define the cystic 
nature of those lesions and to demonstrate a 
possible communication with the joint. This is 
important for the surgeon because the resection 
of the communicating stalk with the joint is 
essential to avoid postsurgical recurrence of 
the cyst.

Conventional Radiography Standard radiogra-
phy is nonspecific and may reveal an ill-defined 
or rounded, noncalcified soft tissue mass 

Fig. 20.15 (a–e) Adventitious bursa due to chronic fric-
tion at the medial malleolus in a skater: (a) clinical  picture; 
(b) radiography Figure part a and are lacking. Please add, 
will send it by e-mail. (c) ultrasound; (d) axial fat-sup-
pressed proton density MR image; (e) coronal fat- 
suppressed proton density MR image. On clinical 
examination a soft tissue swelling at the medial aspect of 

the ankle can be seen (a) which is seen also at radiography 
(arrow) (b). On ultrasound, a well-demarcated heteroge-
neously hypoechoic structure is seen in the subcutaneous 
tissue near the medial malleolus with intralesional hyper-
echoic debris (c). MR reveals a clearly demarcated cystic 
lesion (arrow), with intralesional strands (d, e) (Image 
used with permission from De Keersmaeker et al. [18, 83])

a b
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(Figs. 20.15b). Radiographs may also demon-
strate signs of associated degenerative joint dis-
ease, osteoarthritis, rheumatoid arthritis, 
acetabular dysplasia, bone erosion, calcification, 
gas, or calcified loose bodies in a communicating 
cyst (Fig. 20.1c) [2].

Ultrasound Ultrasound is the imaging tech-
nique of choice to confirm the presence of a cyst 
and to allow for precise localization and extent of 
the cyst [76, 113]. Synovial cysts and ganglion 
cysts, although similar in many ways, display dif-
ferent histopathological characteristics justifying 
their descriptions as separate entities [28]. On 
US, it appears as anechoic masses (Figs. 20.1, 

Fig. 20.16 Chronic frictional tennis bursitis olecrani. Axial 
ultrasound at the dorsal aspect of the olecranon process (*) of 
the elbow reveals a hypoechoic structure (arrows) containing 
echoic debris filling larger part of the bursal lumen

e
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Fig. 20.15 (continued)
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a

Fig. 20.17 (a–c) Chronic bursitis at the greater trochan-
ter. (a) Coronal fat-suppressed proton density MR image; 
(b) axial fat-suppressed proton density MR image; (c) 
axial fat-suppressed T1-weighted MR image after intra-
venous administration of gadolinium contrast. On fat-

suppressed proton density images, the lesion is of high 
signal intensity with clear demarcation from surrounding 
structures (a, b). There is peripheral enhancement of the 
wall of the lesion after contrast administration (c)
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20.3, 20.7, 20.11 and 20.18) and may have a vis-
ible communication with a joint in 25 % of the 
cases [96] or tendon sheath [114]. The lesion 
may be multiloculated and may contain some 
fine internal septations. US is an accurate tech-
nique to define the cystic nature in superficial 
cysts around the wrist and the hand (Figs. 20.7 
and 20.20), but it has limited ability to visualize 
deeper lying structures and their  relationship 
with the adjacent joint [96]. Furthermore, cysts 

containing debris or hyperplastic synovium may 
simulate solid mass lesions on ultrasound exami-
nations (Fig. 20.15c).
A normal bursa is not visualized on ultrasound or 
is seen only as a thin hypoechoic space or sac in 
a typical anatomical location. When a bursa is 
distended, it appears as a hypoechoic structure 
with well-defined margins and contents of vari-
able echogenicity. The internal appearance varies 
according to the pathology. In a simple bursitis, 
there may be just anechoic fluid, with or without 
septa. In chronic bursitis due to impingement or 
overuse, more frequently there is bursal wall 
thickening (Fig. 20.16), with internal debris of 
variable echogenicity. The echogenic contents 
may even mimic a solid mass [96, 114] which is 
especially true for a bursitis de novo (Fig. 20.16).

CT Scan Due to its low soft tissue contrast, CT 
is of limited value in assessing soft tissue lesions. 
Para-articular cysts are of lower attenuation than 
muscle (Figs. 20.1 and 20.9) and of higher atten-
uation than fat. Rim enhancement is seen after 
intravenous contrast administration. A possible 
communication with the joint is sometimes diffi-
cult to define on axial images.

Arthrography/Direct Cyst Puncture  Arthrog-
raphy can be useful to demonstrate the commu-
nication of the cyst with the joint cavity [55]. 
However, cysts may fail to fill when the commu-
nication is very narrow or when the cyst is filled 
with highly viscous fluid. Joint communication 
can sometimes be demonstrated on delayed 
images (2 hours after the injection) [57].

MRI The technique of choice to confirm the cys-
tic nature of the lesions is MR imaging. MR imag-
ing can depict compartmental anatomy, exact 
location and extension of the cystic lesions, and 
its relationship to the joint and surrounding struc-
tures (Figs. 20.1, 20.5, 20.6, 20.8, 20.10, 20.11, 
20.12, 20.13, 20.14, 20.15, 20.17, and 20.20). It is 

b

a

Fig. 20.18 (a, b) Subacromion–subdeltoid bursitis above 
the supraspinatus tendon in a 50-year-old female. (a) 
Radiography; (b) ultrasound. Radiography shows an acro-
mion type III, predisposing for impingement (a). 
Ultrasound reveals well-delineated anechoic structure 
with thin wall (++) (b)
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very accurate in depicting associated joint disor-
ders, such as meniscal tears [39]  (associated with 
meniscal cysts) (Fig. 20.10), labral tears (in case 
of a paralabral cyst [54, 62, 85, 98, 115]) 
(Figs. 20.11 and 20.12), ligamentous abnormali-
ties, or inflammatory changes. Paralabral cysts of 
the hip, when labral tear is absent, should raise 
suspicion for other differential diagnoses such as 
atypical ganglion or synovial cyst, atypical pre-
sentation of synovitis, or possibly tumor [85].

The narrow neck connecting a popliteal cyst 
to the knee joint is usually identified on axial 
MRI images [8, 9], which is commonly found 
just below the proximal attachment of the 
medial head of the gastrocnemius [34]. 
Maximum intensity projections (MIP) of 3D 
acquisitions with fat saturation may be helpful 
to demonstrate the stalk communicating with 
the adjacent joint and allow visualization of 
“occult” connections not readily appreciated 
with standard MR imaging [91]. It was reported 
that using the vastly undersampled isotropic 
projection reconstruction (VIPR) pulse 
sequence more effectively can determine joint 
connections with typical and atypical ganglion 
cysts (around the knee) [1]. Using positional 
spine MRI, synovial juxtafacet cysts are 

depicted differently, with variation of the size 
according to patient position (slightly bigger in 
the extension (standing) position compared to 
the supine position) [70, 71].

The diagnosis of a cystic mass is usually 
straightforward by analysis of the signal intensi-
ties of the lesion. They are typically hypo- or 
isointense to muscle on T1-weighted images, 
especially if they contain protein-rich gelatinous 
substances, and homogeneously hyperintense on 
T2-weighted images. The cysts usually show sub-
tle rim enhancement (Fig. 20.17) due to periph-
eral fibrovascular tissue in the cyst wall. However, 
there are some pitfalls. Atypical imaging presen-
tations of popliteal cysts have been described as a 
cause of diagnostic difficulty [68], with atypical 
cyst content due to debris or hemorrhage. Chronic 
inflammation may cause marked thickening of the 
synovial membrane and, therefore, mimic a solid 
soft tissue mass. In case of a complex content due 
to intracystic debris or hemorrhage may simulate 
a neoplastic lesion. In those cases, typical location 
of the cyst and communication with the joint sug-
gest the diagnosis [70]. Central enhancement 
should be regarded with caution, as this may indi-
cate the presence of another well-delineated soft 
tissue lesion of high T2-weighted image signal, 

ba

Fig. 20.19 (a, b) Chronic frictional prepatellar and 
infrapatellar bursitis in two different patients: (a) ultra-
sound longitudinal section of prepatellar bursa; (b) ultra-
sound longitudinal image of the deep infrapatellar bursa. 
In the first patient, a hypoechoic structure with thick irreg-
ular wall and internal hyperechoic debris is seen within 

subcutaneous tissue anterior to patella (hyperechoic cor-
tex) and to the patellar tendon (typical lamellar striated 
appearance) (a). The irregular delineation may result from 
repetitive friction. In the second patient, a well-defined 
anechoic elliptical structure is seen between patellar ten-
don and tibia (b)
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such as myxoma, myxoid liposarcoma, hemangi-
oma, and synovial sarcoma [24, 104].

A cruciate ligament ganglion may demonstrate 
the same signal intensity as a cruciate ligament 
tear and may simulate a false-positive diagnosis 
of cruciate ligament tear (Fig. 20.13).

Cystic lesions are well circumscribed, but may 
be lobulated, or multicystic with internal septa, or 
may have the “bunch of grapes” appearance [39] 

(Figs. 20.8 and 20.10). They may also contain 
intralesional debris or calcified loose bodies [66, 
99] (Figs. 20.1 and 20.20) that may arise in the 
joint due to trauma, arthropathy, or synovial 
osteochondromatosis. Through the posterior 
joint–bursal communication, calcified loose body 
may pass into a popliteal cyst or may develop pri-
marily in the cyst due to chondrometaplasia [20, 
22]. Elevated pressure may cause cyst rupture 

c

b

a

Fig. 20.20 (a–c) Secondary osteochondromatosis in a 
distended pisotriquetral recess in a 65-year-old female: 
(a) radiography; (b) longitudinal ultrasound; (c) coronal 
fat-suppressed T2-weighted MR image. Radiography 
shows a layered calcification within the soft tissue adja-
cent to the distal ulna and proximal to the pisiform bone 

(a). On longitudinal ultrasound, note a hyperreflective line 
with retro-acoustic shadowing suggesting a calcification, 
surrounded by a small amount of fluid (b). On fat-sup-
pressed T2-weighted image, a low signal intensity calcifi-
cation is seen within the pisotriquetral recess proximal to 
the pisiform bone (c)
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with leakage of synovial fluid. This is seen as high 
signal intensity edema in the adjacent soft tissues 
and fascial planes on fat- suppressed T2-weighted 
sequences. Ruptured cysts are irregularly delin-
eated (Fig. 20.5) and must be differentiated from 
other soft tissue tumors and hemorrhagic or 
inflammatory lesions [63, 84].

20.2.2  Giant Cell Tumors and PVNS

According to the current WHO classification, 
these tumors will be discussed in Chap. 14.

20.2.3  Other Synovial Tumors 
and Tumor like Lesions

20.2.3.1  Synovial Chondromatosis 
and Synovial 
Chondrosarcoma

Synovial chondromatosis is characterized by 
metaplasia of the subsynovial connective tissue 
with subsequent cartilage formation. In rare 
cases, there is malignant degeneration into syno-
vial chondrosarcoma. These entities are dis-
cussed in Chap. 24.

20.2.3.2  Synovial Hemangioma
Synovial hemangioma is a separate localization 
of a hemangiomatous tumor. Because it repre-
sents a vascular lesion and not a synovial tumor, 
this entity is discussed in Chap. 16.

20.2.3.3  Para-articular Chondroma
Para-articular chondroma is a very rare cartilagi-
nous tumor arising from the capsule or the para- 
articular connective tissue of a joint. It is 
discussed in detail in Chap. 24.

20.2.3.4  Lipoma Arborescens
Lipoma arborescens consists of a lipoma-like 
lesion, consisting of hypertrophic synovial villi dis-
tended by fat that replaces the subsynovial tissue.

Lipoma arborescens is of unknown etiology, 
but it is frequently associated with degenerative 
joint disease, diabetes mellitus, chronic synovi-
tis, or rheumatoid arthritis and joint trauma. 
Therefore, lipoma arborescens is usually regarded 
as a nonspecific reactive and secondary process 
to traumatic or inflammatory stimuli, involving 
the synovial membrane [82, 87]. Hallelet al. have 
suggested renaming this process as “villous lipo-
matous proliferation of synovial membrane,” 
since “lipoma arborescens” implies a neoplastic 
connotation [32]. However, according to Vilanova 
[110], a minority of lipoma arborescens may 
appear in joints with no other associated changes, 
and these lesions could be categorized rather as 
primary lipoma arborescens [32].

The knee is the usual site of involvement, with 
a predilection for the suprapatellar pouch, 
although it may also affect the wrist, hip, shoul-
der, elbow, and ankle as well as in periarticular 
bursae and tendon sheaths [82, 106]. Although 
usually affecting one joint, polyarticular involve-
ment or bilateral presentation may occur [87].

Lipoma arborescens has been observed in 
patients aged between 9 and 68 years, with equal 
predominance in men and women [82]. The clini-
cal presentation consists of painless joint swell-
ing over many years, following by progressive 
pain and intermittent episodes of joint effusion 
[82]. Plain radiographs are rarely diagnostic but 
may reveal radiolucent areas in an articular or 
periarticular soft tissue swelling [82]. Lipoma 
arborescens is displayed as a nonspecific synovi-
ally based lesion on ultrasound (Fig. 20.21a). 
Due to its soft consistency, dynamic compression 

Fig. 20.21 (a–f) Lipoma arborescens in different patients, 
located at the elbow (a–d) and knee (e, f). (a) Longitudinal 
ultrasound; (b) axial T1-weighted MR image; (c–d) axial 
and sagittal fat-suppressed T2-weighted MR image; (e) 
sagittal fat-suppressed T2-weighted MR image; (f) sagittal 
T1-weighted MR image. On ultrasound of the elbow in 
patient 1, an echoic frond-like synovial proliferation is 

present surrounded by large joint effusion (a) On MRI, a 
frond-like synovial proliferation with similar signal inten-
sity to that of the subcutaneous fat is seen on all pulse 
sequences (b–d). A similar morphology and signal inten-
sity on MRI is seen in another patient with a lipoma arbo-
rescens of the knee. The lesion is located at the suprapatellar 
pouch, associated with large effusion (e, f)
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during ultrasound results in bending and defor-
mation of the villous projections [82]. CT 
arthrography and MRI demonstrate a frond-like 
fatty mass within the joint associated with joint 
effusion (Fig. 20.21c–f). On MR, the villous pro-
liferations display a signal intensity of fat on all 
pulse sequences contrasting with the increased 
fluid within the joint. The mass-like subsynovial 
fat deposits may be separated by low signal inten-
sity septa on T1- and T2-weighted images. On 
contrast administration, although the hypertro-
phied subsynovial fatty tissue does not enhance, 
the overlying thickened synovium may display 
diffuse enhancement [82]. The differential diag-
nosis includes the synovial lipoma [77], PVNS 
(see Chap. 14), synovial chondromatosis (see 
Chap. 24), plexiform neurofibroma (see Chap. 
17), and synovial hemangiomatosis (see Chap. 
16) due to their identical clinical picture, but the 
differentiation is readily made by CT and espe-
cially by MRI. The absence of susceptibility arti-
fact related to hemorrhagic products on gradient 
imaging differentiates this condition from PVNS 
[82] (see Chap. 14). The recommended treatment 
for lipoma arborescens is surgical or arthroscopic 
synovectomy.

20.3  Malignant Tumors 
Around the Joints

20.3.1  Synovial Sarcoma

As discussed earlier in the introduction of this 
chapter, synovial sarcoma is a misnomer. 
According to the most recent WHO classification 
(2013), this tumor will be discussed in Chap. 18 
(Tumors of Uncertain Differentiation).

20.3.2  Metastatic Spread of Cancer

The metastatic spread of cancer to the joint and 
synovium is one of the rarest manifestations of 
malignant diseases, and involvement of more 
than one joint is exceptional. It is more com-
monly seen in patients with leukemia and other 
hematologic malignancies and is rarely reported 

in those with solid tumors [64]. MRI shows a 
combination of bone and joint involvement, with 
nonspecific signal behavior. The diagnosis can be 
confirmed by joint cytology and/or synovial 
biopsy.

Synovial involvement of a lymphoma will be 
discussed in the chapter of soft tissue lymphoma 
(Chap. 22).
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21.1  Introduction

Tumorlike soft tissue lesions are a common clini-
cal problem. Their etiology is very broad ranging 
from pure anatomic variants over posttraumatic 
events to metabolic conditions and many other ori-
gins. A common feature of many of these lesions 
is the fact that they are mostly reactive in nature. 
Several of these conditions are self- limiting, or do 
not require significant intervention.

Although it is possible to estimate the inci-
dence of true soft tissue tumors, it is more dif-
ficult to estimate the incidence of pseudotumors 
and this for several reasons. First, many 
patients often do not seek medical advice for 
benign lesions or for normal anatomic variants. 
Moreover, many radiologists are not familiar 
with the spectrum of non-tumoral masses, as 
such adding to the confusion between these 
pseudotumoral processes and a “true” tumoral 
process. As a consequence, in a significant 
number of instances, these pseudotumoral 
masses require a biopsy for a definite 
diagnosis.

In this chapter, we will discuss infectious and 
inflammatory pseudotumoral lesions, hemato-
mas, and gout, as well as normal variants and 
vascular lesions which may simulate tumoral dis-
ease. Other pseudotumoral pathology such as 
ganglion and synovial cysts (see Chap. 20) and 
lipoma arborescens (see Chaps. 12 and 20) will 
be discussed in other chapters of this book.
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21.2  Clinical Behavior 
and Imaging

21.2.1  Normal Anatomy Variations 
and Muscular Anomalies

Variations in muscular anatomy can simulate a 
soft tissue tumor, causing unnecessary surgery 
[175]. Muscular anomalies or variants reported in 
the upper limbs include accessory palmaris 
 longus muscle (Fig. 21.1), duplication of the 

hypothenar muscle, anomalous extensor indicis 
and extensor digitorum brevis muscles, and 
Langer’s axillary arch [175].

In the lower extremities, anatomic variants 
occur almost exclusively in the soleus muscle 
[52]. Though present from birth, an accessory 
soleus muscle usually manifests in the late ado-
lescent age because of muscle hypertrophy sec-
ondary to increased physical activity, especially 
in athletes [139]. It arises either from the anterior 
surface of the soleus muscle or from the soleal 
line of the tibia and fibula and appears as a soft 
tissue mass between the medial malleolus and the 
Achilles tendon [52, 139]. Up to 25 % of patients 
may present with an asymptomatic soft tissue 
swelling medial to the os calcaneus [139] 
(Fig. 21.2). Symptoms, when present, have been 
attributed to closed compartment ischemia and 
are accentuated by exercise [52].

Herniation of muscle through fascial planes 
can also mimic a tumor. It can be found in ath-
letes, soldiers, or other professions requiring 
great strains on the legs. Most of the herniations 
have a constitutional origin, where muscle strain 
or hypertrophy leads to rupture of fascia on spe-
cific constitutional weaker locations [118]. The 
anterior tibial compartment is a common location 
for muscle herniations, where the herniation is 
palpable as a soft tissue mass [85]. Herniation of 

Fig. 21.1 Accessory palmaris longus muscle in a 15-year-
old boy. Axial T1-weighted MR image after gadolinium 
contrast injection. The MR image reveals an additional 
mass, located superficially of the flexor digitorum tendons, 
with similar MR characteristics as normal skeletal muscle

a b

Fig. 21.2 Accessory soleus muscle in an adult man: (a) 
sagittal spin echo T1-weighted MR image; (b) axial spin 
echo T1-weighted MR image. There is a muscle belly 

within Kager’s fat triangle, anterior to the Achilles tendon 
(arrows). Signal intensity and bilateral presentation of 
abnormality are in favor of accessory soleus muscle
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the m. extensor digitorum longus, m. peroneus 
longus and brevis, and m. gastrocnemius is also 
possible [118]. This can be asymptomatic, but 
also more prominent after exercise [81, 118]. 
Herniations can be multiple and bilateral [27] 
(Fig. 21.3).

The diagnosis of a muscular anomaly is 
mainly based on knowledge of the most common 

locations and the aspect of the lesion on imaging. 
Both anatomy variations and muscle herniations 
can be depicted with ultrasound, where the suspi-
cious mass is identified as having the same ultra-
sound appearance as normal muscular tissue. The 
ability of dynamic evaluation further increases 
the diagnostic accuracy. As expected, the signal 
characteristics on MR imaging of these lesions 

a b

c

Fig. 21.3 Muscle herniation in two different patients. 
(a) Long-standing bilateral muscle herniation in a 
15-year- old male: a coronal spin echo T1-weighted MR 
image. A focal bulging of the peroneus muscle compart-
ment is seen, more pronounced on the right side. As 
expected, this protruding mass has the same signal 

 characteristics of normal muscle tissue (b, c). Ultrasound 
of the forearm without (b) and with muscle contraction 
(c) in another patient. Note the presence of a mushroom-
shaped lesion bulging through a focal defect in the super-
ficial fascia. The lesion is only visible with muscle 
contraction (c)
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are identical to skeletal muscle on all pulse 
sequences, as long as there is no adjacent edema 
or contusion. When in doubt, a dynamic MR 
examination with forced dorsiflexion and plantar 
flexion of the ankle allows a better evaluation of 

the changes in shape and size of a muscle hernia-
tion [27, 118]. MR imaging of the fascial defect 
is possible but difficult.

Other anomalies such as an accessory breast or 
nipple may mimic a soft tissue tumor (Fig. 21.4). 

a b

c d

e

Fig. 21.4 Accessory breast in a 21-year-old female with a 
palpable swelling in the right axilla. The lesions enlarge 
and are slightly painful in the second half of the menstrual 
cycle: (a) axial T1-weighted MR image; (b) axial 
T2-weighted MR image. (c, d) Axial FS T1-WI MR image 
before (c) and after intravenous injection of  gadolinium 

contrast (d). Presence of a small soft tissue “mass” ventro-
lateral in the right axilla on both pulse sequences, with sig-
nal intensities comparable to the signal intensity of normal 
adjacent breast. The lesion enhances similarly as breast 
tissue (d) Ultrasound (e) shows an echotexture similar as 
breast tissue
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It is usually present along the primitive milk line 
above or below the normal breast location and is 
the most frequently encountered congenital anom-
aly of the breast [103]. Other more rare locations 
include the axilla, scapula, thigh, and vulva [102], 
since the primitive milk line extends from the 
axilla to the groin. Patients with accessory breast 
tissue may be asymptomatic or may present with 
swelling and pain. As accessory breast tissue is 
subject to the same spectrum of physiological 
changes and pathological processes as proper 
breast tissue it may therefore come to attention 
during menarche, pregnancy, lactation, or in case 
of benign and malignant breast disease [46, 67].

21.2.2  Inflammatory and Infectious 
Lesions

21.2.2.1  Cellulitis
Acute infectious cellulitis is an infection of the 
subcutaneous fat not extending beyond the 
 superficial fascial planes (Fig. 21.5). It is usually 
associated with a hemolytic group A Streptococcus 
infection. Cellulitis will only on rare occasions 
present as a soft tissue mass [174]. An association 
with abscesses, ascending lymphangitis, regional 

lymphadenitis, osteomyelitis, and pyoarthrosis is 
possible [79]. Lymphedema may mimic infec-
tious cellulitis; but the latter is more localized 
than lymphedema, which tends to affect the entire 
extremity.

CT shows diffuse infiltration of the subcutane-
ous fat and thickening of the skin. On MRI, celluli-
tis appears as an ill-defined area, hypointense on 
T1-weighted sequences and hyperintense on 
T2-weighted sequences [150]. Cellulitis may be 
diagnosed when T2-weighted images reveal subcu-
taneous thickening with fluid collections and when 
subcutaneous tissue, superficial fascia, or both 
show contrast enhancement [165]. The depth of 
soft tissue involvement of the infection can be best 
evaluated on T2-weighted images [150]. However, 
as the sensitivity of magnetic resonance imaging 
exceeds the specificity, the extent of the deep fas-
cial involvement can be overestimated [165], lead-
ing to the wrong diagnosis of necrotizing fasciitis.

21.2.2.2  Necrotizing Fasciitis
Necrotizing fasciitis is a rare soft tissue infection, 
involving deep fascial planes. It has a predilec-
tion for older patients, especially for those with 
malignancy, poor nutrition, and alcohol or drug 
abuse. It can also be found after trauma, or around 
foreign bodies in surgical wounds. However, it is 
important to remember that it can also appear in 
otherwise healthy subjects with no known risk 
factors. Early recognition is critical, since this 
entity is a surgical emergency. The clinical course 
can be fulminant and the mortality rate can be as 
high as 73 % [150]. The causative organisms are 
mostly group A hemolytic Streptococcus and 
Staphylococcus aureus, on occasion acting in 
synergy. Other both aerobic and anaerobic patho-
gens may also be involved [34].

Necrotizing fasciitis has similar signal behav-
ior on MR as cellulitis, except for a deeper exten-
sion. A hyperintense signal on T2-weighted 
images in deep fasciae with fluid collections, 
thickening, and peripheral enhancement after 
intravenous contrast medium injection suggests 
necrotizing fasciitis [165]. However, this is not 
typical for necrotizing soft tissue infection, as 
other non-necrotizing conditions can have simi-
lar MR signal characteristics [112]. Therefore, 
clinical correlation is of utmost importance [34].

Fig. 21.5 A 24-year-old woman with an infection of the 
lower leg. Axial turbo spin echo T2-weighted MR image. 
Thickening of the skin and subcutaneous fat, with multi-
ple septations of high signal intensity, corresponding to 
edema/cellulitis. The gastrocnemius muscle also has an 
abnormal signal intensity and appears atrophic
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21.2.2.3  Lymphedema 
and Lymphangitis

Lymphedema is classified as primary or second-
ary lymphedema. The primary form is more com-
mon in children and is associated with a variety of 
hereditary or genetic syndromes [194]. Secondary 
lymphedema has no age preference. Local causes 
include trauma, surgery, infection, chronic inflam-
mation, and radiotherapy (Fig. 21.6). It can also 
be associated with systemic disease, with a more 
generalized edema. Secondary lymphedema is 
usually a clinical diagnosis.

MRI of chronic lymphedema reveals deformity 
of lymphatics at different tissue levels [107]. In the 
subcutaneous tissue, it shows a diffuse edema or a 
honeycomb pattern consistent with reticular lym-
phangiectasia and “lakes” with increased signal 
intensity on T2-weighted images [107].

(MR) lymphography and lymphoscintigraphy 
can give additional information on lymphatic 
morphology and function [123, 194].

21.2.2.4  Abscess
A soft tissue abscess is a well-delineated fluid 
collection surrounded by a well-vascularized 
fibrous pseudocapsule. It can present as a soft tis-
sue mass without a suggestive history or symp-

toms [85], and the radiologist must therefore 
always consider a possible infectious origin of a 
mass with undetermined characteristics. In one- 
third of cases, abscesses are multiple [85]. 
Associated inflammation is possible, distorting 
normal muscle anatomy and fascial planes [16]. 
Depending on the causal organism and degree of 
inflammation, the margins of an abscess can be 
well-defined or infiltrating.

Conventional radiography has little value, 
unless there is gas development within the 
abscess (Fig. 21.7). Ultrasound shows an elon-
gated or lobulated fluid collection, which may 
show peripheral vascularity on color Doppler 
(Fig. 21.8). In case of intralesional gas, dirty 
shadowing may be present (Fig. 21.9). It is also 
useful in guiding an aspiration biopsy or percuta-
neous catheter drainage.

On MR imaging, an abscess is hypointense to 
isointense relative to muscle tissue on 
T1-weighted images. On T2-weighted images, 
the central portion of the abscess is usually 
hyperintense, but the capsule may display an 
isointense or hypointense signal intensity relative 
to subcutaneous fat [85]. On T1-weighted images, 
the pseudocapsule can have a variable signal 
intensity compared to skeletal muscle. After 

Fig. 21.6 Lymphedema of the left upper leg in a 48-year- 
old woman, with a history of vulval carcinoma treated 
with surgery and radio- and chemotherapy. Axial turbo 
spin echo T2-weighted MR image. There is an important 
thickening of the subcutaneous fat secondary to lymph-

edema, probably as a consequence of the intrapelvic sur-
gery. Note the important increase in volume of the left 
thigh compared with the contralateral leg. An inflamma-
tion of the left adductor muscles can also be seen
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intravenous contrast medium injection, a periph-
eral rim of enhancement is seen, corresponding 
to the inflammatory and cellular component of 

the abscess (Fig. 21.10). Enhancement after 
intravenous contrast medium injection can also 
be absent [85].

A variable degree of peripheral edema in mus-
cle and subcutaneous tissue can be seen, display-
ing a hyperintense signal intensity on T2-weighted 
images. Inhomogeneity on T2-weighted sequences 
may be a consequence of intralesional gas bubbles 
and/or necrotic material [190].

The described signal characteristics can be 
different in an immunocompromised host [85]. 
The peripheral edema usually seen on 
T2-weighted images is sometimes absent. 
Similarly, T1-weighted images will not always 
show the pseudocapsule. The infected fluid in the 
center of the abscess can have an inhomogeneous 
signal intensity [9]. If the content is sufficiently 
viscous, it can even show mild increased signal 
intensity on T1-weighted images [21]. In the 
proximity of bone, a soft tissue abscess is often 
associated with osteomyelitis or a periosteal 
reaction (Fig. 21.11).

21.2.2.5  Pyomyositis
Pyomyositis, also called bacterial myositis, is a 
rare cause of single or multiple abscesses of skel-
etal muscle of unknown etiology. It was initially 
mainly found in tropical regions where lack of 
footwear, insect bites, and minor trauma, if 

Fig. 21.7 Gas gangrene of the upper arm in a young man. 
Plain radiograph. Presence of a soft tissue swelling with 
intralesional air collection and an air-fluid level, indicat-
ing soft tissue abscess

Fig. 21.8 Soft tissue abscess. Ultrasound shows a hypoecho-
genic collection with peripheral color Doppler signal

Fig. 21.9 Intramuscular abscess. Ultrasound shows a 
hypoechogenic collection intralesional dirty shadowing in 
keeping with gas bubbles
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untreated, may lead to pyomyositis. Diabetes, 
HIV infection, and malignancy can, as immune- 
compromising conditions, however, also predis-
pose to pyomyositis [35, 90, 144, 147], as such 
contributing to an increased incidence of this 
 disease in industrialized regions with a more tem-
perate climate. It is considered one of the most 
common musculoskeletal complications of AIDS 
[144, 154]. In 70–90 % of cases, the infection is 
caused by Staphylococcus aureus [35, 90, 144, 
147]. Other pathogens such as Streptococcus 
pyogenes, Mycobacterium tuberculosis, 
Mycobacterium avium-intracellulare, Nocardia 
asteroides, Cryptococcus neoformans, and 
Toxoplasma, Salmonella, and Microsporidia spe-
cies have also been reported [195].

In general, normal skeletal muscle has a high 
intrinsic resistance to bacterial infection and 
abscess formation. Therefore, some authors sug-
gest that underlying muscle damage may facili-
tate the onset of pyomyositis. This is supported 
by the presence of previous trauma to the affected 
muscles in 20–50 % of cases [35, 72].

The clinical course of disease can be divided 
into three stages [39]. The first stage or invasive 

phase occurs during the first 2 or 3 weeks after 
infection, with subacute presentation such as 
local swelling, mild pain, variable fever, and 
anorexia. Diagnosis in this stage is difficult due 
to multiple differential diagnoses. During the 
second or suppurative phase, definitive abscess 
and pus are clearly evident. High fever, chills, 
local tenderness, swelling, and myalgia are fre-
quent findings. It should be noted that local ery-
thema and regional adenitis are usually absent in 
pyomyositis [45]. Aspiration of the lesion at this 
time reveals pus. The third stage of the disease is 
so severe that even toxic shock syndrome has 
been reported [83].

However, symptoms may be absent when the 
lesion is deep-seated or due to a superimposed 
transient bacteremia [144].

Laboratory data are not specific for pyomyosi-
tis. Leukocytosis and an increase in the erythro-
cyte sedimentation rate are often seen, but may 
be absent in patients with neutropenia or end- 
stage acquired immunodeficiency syndrome. 
Eosinophilia is reported only in tropical cases 
and may be due to a parasitic cause of infection 
[44, 45]. Interestingly, creatine phosphokinase 

a b

Fig. 21.10 A 65-year-old man with untreated diabetes 
mellitus: (a) axial proton density-weighted MR image 
with fat suppression; (b) axial spin echo T1-weighted MR 
image after gadolinium contrast administration. Besides a 
diffuse cellulitis and lymphedema, the images also reveal 
a fluid collection, located in the lower leg between the 

extensor digitorum and tibialis anterior muscles, with 
spontaneous high signal intensity on the proton density 
images (a). After contrast administration a peripheral 
enhancement can be seen, corresponding to granulation 
tissue at the periphery of a soft tissue abscess (b)
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and aldolase levels remain normal. Blood  cultures 
are positive in only 5–30 % of patients and in 
1.8 % the outcome is fatal due to sepsis and shock 
[110, 195]. Culture of aspirated pus has been 
reported as negative in 15–30 % of cases [35, 44].

The muscles of the thigh and gluteus region 
are most often affected. Pyomyositis has also 
been described in the obturator, serratus anterior, 
deltoideus, triceps, biceps, iliopsoas, gastrocne-
mius, abdominal, and paraspinal muscles 
(Fig. 21.12) [35, 79, 90, 147]. In AIDS patients, 

pyomyositis may be multifocal 43 % of cases in 
the study of Fleckenstein et al. [58]. Multiplicity 
of lesions in AIDS patients is not specific for 
pyomyositis and may be found in other patho-
logic conditions such as polymyositis, Kaposi 
sarcoma, and lymphoma [58].

Magnetic resonance imaging is the most pre-
cise technique to use in determining the exact 
location and defining the extent of the disease 
[51], and it plays a pivotal role in early diagnosis. 
On T1-weighed images the abscess collection 

a b

c

Fig. 21.11 (a, b) Sacral osteomyelitis and multiple pel-
vic abscesses. (a) Oblique FS coronal T2-weighted MR 
image; (b) oblique coronal FS T1-WI MR image. (b) 
Oblique coronal contrast-enhanced FS T1-WI MR image. 
(c) Axial contrast-enhanced FS T1-WI MR image. 

Bilateral T2-hyperintense presacral collections (a) with 
peripheral rim enhancement (b, c). Note increased 
T2-signal and contrast enhancement of the sacrum in 
keeping with sacral osteomyelitis
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has a low signal intensity compared with sur-
rounding muscle tissue. On occasion, a 
 high- intensity peripheral rim is noted, probably 
representing blood breakdown products [72, 
110]. Pus in the abscess can have an intermediate 
to high signal on T1-weighed images depending 
on the protein content. T2-weighed images reveal 
a hyperintense collection in the affected muscle, 
with increased signal in the surrounding muscle 
tissue representing edema, organized phlegmon-
ous collections, or hyperemia [154]. Intravenous 
administration of contrast material can further 
discriminate between viable and necrotic muscle 
tissue, the latter lacking enhancement.

On occasion the imaging presentation of pyo-
myositis can be confused with a sarcomatous 
lesion, especially when further clinical and bio-
chemical information is inconclusive. Key ele-
ments in the differential diagnosis favoring an 
infectious origin are the extension of the perile-
sional inflammatory reaction and the possible 
association of cellulitis. However, previous sur-
gery or local radiotherapy at the site of a sarcoma 

may be accompanied by locoregional stranding, 
which may cause difficulties in the differential 
diagnosis [72].

Scintigraphy is rarely used for detection [202], 
but may detect additional abscesses on a distance 
of the primary lesion [147].

Pyomyositis can be effectively treated by anti-
biotic therapy in the first stage of disease, but 
during the later stages, drainage should be initi-
ated early and serve as the main component of 
therapy, either by percutaneous computed tomog-
raphy (CT) or ultrasound-guided drainage or by 
open surgery [72].

21.2.2.6  Muscular Cystic 
Echinococcosis

Human hydatid disease is a parasitic infection 
due to the development in the organism of 
Echinococcus granulosus larvae, a parasitic tape-
worm, with dogs being the definitive hosts, sheep 
the intermediate hosts, and humans the incidental 
intermediate hosts. Ingestion of contaminated 
water or food and contact with dogs are known 
causes of infection. The disease is still endemic 
in several regions and has the highest incidence 
in the Mediterranean Basin, Middle East, South 
America, New Zealand, Australia, Central Asia, 
and China [138]. According to various authors, 
the incidence of musculoskeletal echinococcosis 
including involvement of subcutaneous tissue is 
around 1–5.4 % among all the cases of hydatid 
disease [10]. Alveolar echinococcosis due to 
infection by Echinococcus multilocularis is more 
rare, but has a more invasive nature sometimes 
mimicking a malignant lesion. Muscular echino-
coccosis may be primary, but may also occur sec-
ondarily resulting from the spread cysts from 
other areas either spontaneously or after opera-
tions for cystic echinococcosis in other regions of 
the body [87, 88]. The growth of cysts within a 
muscle is difficult because of muscle contractility 
and the presence of lactic acid. The affinity for 
muscles of the neck, trunk, and limb roots could 
be explained by the volume of the muscle mass, 
the increased vascularity, and the decreased 
activity of these muscle groups [15].

Primary muscular cystic echinococcosis dis-
ease is rare, with only isolated cases being 

Fig. 21.12 Pyomyositis in 2-year-old child. Coronal 
T2-weighted MR image shows diffuse increased signal 
within the right upper arm muscles
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described in the literature [15, 201]. Only few 
cases of primary subcutaneous cystic echinococ-
cosis of the inferior limbs have been reported. 
Cystic echinococcosis of superficial muscles 
presents as a painless soft tissue mass with fluctu-
ating consistency and evolves slowly. This mass 
may be accompanied with neurovascular com-
pression signs, inflammation in case of fissuring, 
infection of the cyst [69], or skin fistula. Deep 
muscular cystic echinococcosis especially of the 
psoas muscle which is relatively more frequent 
[158] may be discovered by chance. Hydatid 
serology is often negative [122]. It is particularly 
useful in postoperative monitoring when looking 
for a local or more remote recurrence [62].

Muscular cystic echinococcosis may have dif-
ferent appearances on imaging techniques.

MR has proven superior over ultrasound in 
detecting this multivesicular structure. More 
solid appearances are also possible, making it 
sometimes difficult to differentiate it with other 
soft tissue tumors [107]. Even in these cases, MR 
can often reveal the vesicular nature of the lesion, 
which if frequently still focally preserved.

Ultrasonography and magnetic resonance 
imaging are the imaging tools of choice to con-
firm the diagnosis before surgery [62]. The imag-
ing characteristics of soft tissue involvement 
resemble those of hydatid cysts found in the liver. 
Ultrasonographic appearance of cystic echino-
coccosis may vary. The cyst wall usually mani-
fests as an echogenic line. Simple cysts (type I) 
do not demonstrate internal structures. 
Detachment of the endocyst from the pericyst 
(type II) appears as well-defined fluid collection 
with a localized split in the wall and “floating 
membranes” inside the cavity [17]. Multivesicular 
cysts (type III) manifest as well-defined fluid col-
lections in a honeycomb pattern with multiple 
septa representing the wall of the daughter cysts 
(Fig. 21.13). Multivesicular or inhomogeneous 
muscle hydatids may have a nonspecific appear-
ance that may simulate hematoma, abscess, or 
necrotic soft tissue tumor [62, 68]. Calcified cysts 
may be seen. Computed tomography is useful in 
doubtful cases, in deep muscular localizations, 
and in appraising the exact localization of the 
cyst and its relationship with the neural and vas-

cular elements as well as the state of the adjacent 
bone. MRI imaging characteristics may differ 
depending on the life cycle stage of the parasite 
[162]. Typically, the lesion consists of a mother 
cyst, containing multiple daughter vesicles. On 
T1-weighted images these daughter vesicles are 
seen as hypointense cysts within the intermediate 
signal of the mother cyst. The signal intensity of 
the daughter cysts on T2-weighted images can be 
high or low, with some authors suggesting a rela-
tion with the presence and absence, respectively, 
of viable scolices [15]. A rim of low [15] signal 
intensity on T2-weighted images surrounds the 
lesion. This rim is composed of three layers: an 
endocyst, ectocyst, and adventitia. The adventitia 
develops as a reaction following compression 
and inflammation of surrounding tissue. It is well 
vascularized, enhancing after intravenous con-
trast injection [111, 120] (Figs. 21.14 and 21.15). 
Edema or acute inflammation caused by com-
pression in soft tissue adjacent to the cyst is 
uncommon but may be seen.

21.2.2.7  Other Inflammatory 
Myopathies

Inflammatory myopathies include focal myosi-
tis, nodular myositis, proliferative myositis, and 
diabetic muscle infarction. Clinically, inflamma-
tory myopathies often present as a diffuse swell-
ing of the thigh or calf, with or without 
tenderness. Only on rare occasions, they present 
as a solitary soft tissue mass. These different 

Fig. 21.13 Soft tissue echinococcosis of the calf. 
Ultrasonography shows a well-defined multicystic fluid 
collection with vesicles, calcifications, and small echoes 
corresponding to hydatid sand
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a b

c

Fig. 21.14 Multicystic echinococcus cyst in the right 
paravertebral muscles: (a) axial FS T2-weighted MR 
image; (b) sagittal FS T2-weighted MR image; (c) axial 
T1-weighted MR image after gadolinium contrast injec-

tion. Large multicystic lesion is seen on T2-WI. (a, b) 
Because of vascularization of the pericyst, peripheral 
enhancement can be seen after gadolinium contrast injec-
tion (c) (Images courtesy of S. Dekeyzer, Aachen)

a b

Fig. 21.15 Multicystic echinococcosis of the left thigh. Coronal T1-WI (a) and T2-WI (b) MRI shows multivesicular 
hydatidosis of adductor space

F.M. Vanhoenacker et al.



535

entities are only distinguishable by their histo-
logic appearances [85], often requiring a biopsy 
for correct diagnosis.

On MR imaging studies, myopathies are char-
acterized by non-focal hypointense areas on 
T1-weighted images and hyperintense signal on 
T2-weighted images [86]. These diffuse signal 
changes are even better seen when a T2-weighted 
fat suppression sequence is used [74]. Differential 
diagnosis includes infectious myositis, trauma, 
muscular denervation, muscular dystrophy (such 
as Duchenne’s [106] or Becker’s muscular dys-
trophy), rhabdomyolysis, polymyositis, dermato-
myositis [74], and soft tissue malignancy. In most 
of these cases, clinical and laboratory tests will 
permit to make the correct diagnosis.

Focal Myositis. Focal myositis is a relative 
rare usually self-limiting soft tissue pseudotu-
mor. It is usually found in the lower extremi-
ties, 50 % of the cases being located in the thigh 
and 25 % in the lower leg. Other more rare loca-
tions include the neck, tongue, perioral region, 
forearm, hand, abdomen, eyelids, and paraspi-
nal muscles [94]. There is no sex or age predi-
lection [94].

Typically, focal myositis presents as a local 
intramuscular soft tissue swelling, which can rap-
idly grow in a few weeks (Fig. 24.16). In more 
than 50 % of the cases, pain is the main symptom. 
Usually the process is limited to one muscle, but 
involvement of multiple muscles has been 

reported. One-third of the patients with focal 
myositis evolve to polymyositis or a polymyositis- 
like syndrome, suggesting that focal myositis is a 
localized form of polymyositis [14].

On MRI, focal myositis is of increased signal 
intensity on T2-weighted images, in one or more 
muscle groups. In contradistinction to most soft 
tissue sarcomas, the internal muscle bundle is 
spared (Fig. 21.16) [184].

Diabetic Muscle Infarction. Diabetic muscle 
infarction is a rare complication of diabetes mel-
litus. Patients with poorly controlled type 1 
insulin- dependent diabetes mellitus and severe 
end-organ damage are most frequently affected, 
although it may occur in a well-controlled patient 
without known diabetic complications [89]. 
Although the pathogenesis is still to be com-
pletely clarified, the most likely hypothesis is 
that the muscle infarction is secondary to vascu-
lar disease such as arteriosclerosis and diabetic 
microangiopathy [178], while some authors sug-
gest an alteration in the coagulation-fibrinolysis 
system [140].

Diabetic muscle infarction typically presents 
as a sudden onset of severe pain in the thigh 
(especially in the quadriceps muscle) or calf, 
with diffuse enlargement of the involved muscle 
or muscle groups. After subsequent partial 
 resolution, a painful palpable mass can be found 
in up to one-third of the cases [178]. Bilateral 
involvement has been described, with a reported 

a b

Fig. 21.16 Focal myositis of the left rectus femoris mus-
cle. (a) Axial FS T2-weighted MR image; (b) sagittal FS 
T2-weighted MR image. There is diffuse increased signal 

within the rectus femoris muscle with sparing of the indi-
vidual muscle bundles
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frequency varying from 8 % to more than one-
third of the cases [11, 89, 172, 178].

Clinically, it is frequently misdiagnosed as 
an abscess, neoplasm, or myositis, often 
requiring a biopsy for further evaluation [33, 
47, 89]. Commonly there is elevated erythro-
cyte sedimentation rate, but no leucocytosis. 
This can be helpful in the differentiation from 
pyomyositis [89].

The diagnosis may be suspected on ultrasound 
if a well-marginated, hypoechoic intramuscular 
lesion with intralesional linear echogenic struc-
tures is present. There is typically absence of 
intralesional motion or swirling of fluid when 
pressure is applied with the transducer. This dif-
ferentiates diabetic infarction from an abscess or 
a necrotic mass [47, 105].

MR images display enlargement of the 
involved muscles, with uniform increased signal 
intensity on T2-weighted and inversion recov-
ery images demonstrating the edematous and 
inflammatory changes [11, 33, 86, 89]. 
T1-weighted images show normal or decreased 
signal intensity in the involved muscles, the 
swelling being sometimes less appreciated on 
this sequence [89].

Perifascial and subcutaneous edema are best 
evaluated on inversion recovery and fat- suppressed 
T2-weighted images [84]. Additionally, MRI can 
detect subclinical muscle infarction months before 
the onset of clinical symptoms [89].

Atypical presentations have been reported as a 
high signal of the affected muscle on T1-weighted 
images, presumably reflecting intramuscular 
hemorrhage [169].

21.2.2.8  Bursitis
Bursae are spaces near joints containing small 
amounts of fluid, reducing friction between dif-
ferent structures. The clinical most important are 
the trochanteric, subdeltoideal, ischiogluteal, pes 
anserina, iliopsoas, retrocalcaneal, and olecranon 
bursae, because they are the most commonly 
affected ones.

The amount of fluid may increase due to 
inflammation following overuse, direct trauma 
(rheumatoid), arthritis, or infection, resulting in a 

soft tissue mass. Imaging of bursitis is further 
discussed in Chap. 20.

21.2.2.9  Granulomatous Disorders

Tuberculous Infection of Soft Tissue
Tuberculous infection of soft tissue often 
accompanies involvement of lymph nodes, 
bones, or joints (Fig. 21.17) [174]. Without 
proper treatment, it can evolve to a cold abscess. 
A periosteal reaction in adjacent bone can some-
times be found [174].

Sarcoidosis
Sarcoidosis is a systemic granulomatous disorder 
which can affect multiple organs. Muscle involve-
ment is rare and occurs in 1.4–6 % of patients 
with sarcoidosis [73, 136]. Three main clinical 
presentations of muscular sarcoidosis can be dis-
tinguished: an acute myositis, a diffuse atrophic 
form, and a nodular form [12, 134, 177]. Clinical 
symptoms are often absent.

The acute myositis type occurs exclusively in 
the early stage of sarcoidosis, presenting as myal-
gia secondary to inflammation. MR imaging is 
usually negative, presumably because of the 
sparse distribution and small size of epithelioid 
cell granulomas [135].

In the diffuse atrophic myopathic form, 
patients can present with myalgia, muscle weak-
ness, and atrophy [134]. The muscles of de proxi-
mal portions of the extremities are frequently 
involved [117]. MR imaging findings are 
 nonspecific revealing proximal muscle atrophy 
with fatty replacement [125]. Differentiation 
from a corticoid myopathy is mainly based on 
clinical and laboratory findings.

The least common form is the nodular presen-
tation, presenting as a single or multiple sarcoid 
nodules (Fig. 21.18). They may or may not be 
clinically palpable. These nodules appear elon-
gated and extend along muscle fibers [134]. On 
ultrasound examination, sarcoid nodules present 
with a hyperechoic center and a hypoechoic 
peripheral zone [134]. They may also present 
with well-defined borders and an overall 
hypoechogenic aspect [177].
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On MR imaging, the nodules may have a star- 
shaped hypointense center on all axial pulse 
sequences (“dark star” sign), which is believed to 
correspond with fibrous tissue and does not 
enhance after intravenous contrast administration 
[135, 136, 186, 199]. However, this central struc-
ture is not present in the acute stage of the dis-
ease. It can also be absent in small nodules 
(<10 mm), presumably because of the short time 
of granulomatous inflammation in these small 
structures.

The peripheral area of the nodules is slightly 
hyperintense compared to muscle on T1-weighted 
images, with homogeneous high signal intensity 

on T2-weighted images. There is homogeneous 
enhancement after intravenous contrast adminis-
tration, secondary to the high cellularity of gran-
ulomas and edema [177].

Coronal and sagittal images may show the 
“three stripes” sign, consisting of a hypointense 
inner stripe and hyperintense outer stripes [134, 
199]. However, after steroid therapy the sarcoid 
nodules may disappear [177], or only the inner 
stripe may be visualized [136].

Diffusion weighted imaging (DWI) may be useful 
to differentiate the two components of sarcoidosis, 
active inflammation and fibrosis. Areas of active 
inflammation are of high signal on DWI [166].

a b

c

Fig. 21.17 Tuberculous osteomyelitis involving the ster-
num and adjacent abscess: axial CT images (a, b) shows 
sternal osteolysis associated to pre- and retrosternal fluid 

collection with peripheral enhancement after intravenous 
contrast administration. Ultrasonography (c) shows ster-
nal osteolysis with pre- and retrosternal fluid collection
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Very rarely periosteal reaction is seen in case 
of muscular sarcoidosis [176].

Positron emission tomography with 
fluorine- 18- fluorodeoxyglucose ((18)F-FDG) 
is  promising in detecting occult disease and 
assessing disease activity during treatment  
[12, 71, 91, 113, 148].

Cat Scratch Disease
Cat scratch disease is a benign, self-limiting cause 
of regional lymphadenitis affecting mostly chil-
dren and young adults. In more than 90 % of the 
cases, there is a history of recent contact with cats, 
cat scratch, or both. In contrast, the site of inocula-

tion is not always found. The Gram- negative bacil-
lus Rochalimae henselae, also called Bartonella 
henselae, is the microorganism most often incrim-
inated. In an otherwise healthy host, the adenitis 
resolves spontaneously within 3 weeks to several 
months, even without antibiotic therapy [49].

Cat scratch disease has a wide spectrum of 
clinical manifestations, ranging from regional 
lymphadenitis to disseminated infection. 
Regional lymph node enlargement occurs most 
commonly at the medial epitrochlear region of 
the elbow [119]. Other locations include the 
axilla, groin, and popliteal fossa [65, 164]. A 
 typical case includes skin lesions and an associ-

a b

c

Fig. 21.18 A 56-year-old woman with a tender palpable 
mass in the left calf: (a) axial spin echo T1-weighted MR 
image; (b) sagittal spin echo T1-weighted MR image with 
fat suppression; (c) axial spin echo T1-weighted MR 
image with fat suppression after intravenous contrast 
administration. A nodular lesion, slightly hyperintense 
compared to muscle, is shown on the axial T1-weighted 
image (a), with a central hypointense center presumably 

corresponding to fibrous tissue. After intravenous contrast 
administration, a homogeneous enhancement of these 
large and other smaller nodules is seen (c). The sagittal 
image further demonstrates the three layer composition, 
with a linear low-intensity stripe interposed between two 
high-intensity areas (b), longitudinally extending between 
normal muscle tissue. This case illustrates a rare soft tis-
sue presentation of sarcoidosis
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ated enlarged painful reactive adenopathy com-
monly presenting along a single lymph node 
chain. Involved glands can have diameters up to 
5 cm [112]. Multiple nodes at a single site may be 
involved as well. Disseminated infection is 
unusual (5–10 %) [112], most frequently seen in 
immune-compromised patients. Neurological 
involvement is uncommon [112].

The sonographic finding of an epitrochlear 
mass due to cat scratch disease most commonly 
consists of a hypoechoic lobular or oval mass with 

central hyperemia on power Doppler and a possi-
ble adjacent fluid collection. The adjacent or intra-
nodal fluid collection is believed to correspond to 
nodal suppuration or necrosis. Asymmetrical 
shape and a hyperechoic hilum seem to differenti-
ate cat scratch disease from other epitrochlear 
masses (including sarcoma, metastatic disease, or 
lymphoma) [119].

CT shows a soft tissue mass corresponding 
to involved lymph nodes. Central necrosis can 
be seen as a low attenuation [49, 191]. MR 

a b

c

Fig. 21.19 Cat scratch disease in a 15-year-old boy: (a) 
axial spin echo T1-weighted MR image; (b) axial turbo 
spin echo T2-weighted MR image; (c) axial spin echo 
T1-weighted MR image after intravenous contrast admin-
istration. A round, well-defined lesion is located adjacent 
to the neurovascular bundle at the left elbow. On 

T1-weighted images (a) the lesion has slightly higher and 
relative homogeneous signal intensity compared to mus-
cle, with a more intermediate signal intensity on 
T2-weighted images (b). After contrast administration 
there is moderate, mostly homogeneous enhancement of 
this mass
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images reveal the regional lymphadenopathy as 
homogeneous or heterogenic masses sur-
rounded by edema [49, 65]. T1-weighted 
images show a homogeneous isointense signal 
intensity compared to muscle (Fig. 21.19). On 
T2-weighted images the area of the mass and 
surrounding edema becomes hyperintense. 
After intravenous contrast injection, there may 
be homogeneous or slight peripheral enhance-
ment of the involved lymph nodes and adjacent 
soft tissue edema [49, 65].

Bone involvement is rare, usually presenting 
as lytic lesions. A periosteal reaction and associ-
ated sclerosis can be found [80]. A single osteo-
lytic lesion can simulate Langerhans cell 
histiocytosis [20].

The final diagnosis is based on polymerase chain 
reaction for DNA analysis or serologic testing. 
Culture of Bartonella species is difficult and usually 
unsuccessful. Histology reveals nonspecific granu-
lomas with central necrosis at later stages [119].

Injection Granulomas
Injection granulomas are most often encountered 
in the upper outer quadrant of the buttocks and in 
the deltoid muscle [153]. They may be located 
either within the subcutaneous fat or gluteus 
muscles. The typical location and the absence of 
muscle distortion are the clues to the diagnosis. 
On plain films and CT subcutaneous injection, 
granulomas appear as small well-defined nod-
ules, most often containing ringlike calcifica-

a b

c

d

Fig. 21.20 Typical subcutaneous injection granuloma in 
the left gluteal area: (a) plain radiograph of the left hip, 
(b) CT, (c) ultrasound, and (d) axial turbo spin echo 
T2-weighted MR image. A round, well-defined ringlike 
calcification lesion is seen within the subcutaneous tissue 

of the left gluteus region on plain films (a) and CT (b). On 
ultrasound, there is a linear reflection with the subcutis 
with retroacoustic shadow. (c) The lesion is of low signal 
intensity on T2-weighted images (d)
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tions. These lesions are hypointense on 
T1-weighted MR images. On T2-weighted 
images, injection granulomas can be hyperin-
tense or hypointense, depending on whether the 
major pattern of the lesion is inflammatory or 
fibrous. This pattern depends on the time elapsed 
after injection (Fig. 21.20). Intramuscular 
 granulomas may have a linear pattern of calcifi-
cation along the course of the muscle fibers.

Mycetoma
Mycetoma is an implantation mycosis character-
ized by large tumorlike swellings and caused by 
actinomycetes (actinomycetoma) and fungi (eumy-
cetoma) [161]. It is mostly located in the foot, 
responsible for 70 % of infections [60], but it has 
also been reported in hands, arms, legs, and back 
[3]. This disease is mainly found in tropical and 
subtropical regions of the world and the majority of 
patients are reported from Mexico, Senegal, Sudan, 
and India. The true prevalence and incidence are 
not well defined [160]. It usually affects young 
adults with male predominance. The causative 
agents are organisms living in the soil, and infec-
tion is generally acquired by an accidental painless 
inoculation through the skin by a thorn or splinter 
in barefoot individuals [55]. Incubation period var-
ies from several weeks to months. Initially, the 
patient presents with a painless bump, which devel-
ops into a classic triad of chronic induration, drain-
ing sinuses, and fungal grain discharge. Early 
diagnosis is important because infection can invade 
deep tissues, muscle, bone, and even visceral 
organs,  causing damage, deformity, or even death 
secondary to systemic spread [168, 192].

The radiologic findings include soft tissue swell-
ing, periosteal reaction, cortical erosions, rounded 
lucencies (Fig. 21.21a), reactive sclerosis commonly 
affecting calcaneus and metatarsals, initially sur-
rounding lucencies and then extend largely, joint 
destruction, osteopenia due to long-term immobili-
zation, and bone lysis occurring in the late course of 
the disease [192]. If treatment is successful, the peri-
osteal reaction coalesces, forming “melting snow” 
appearance on the cortex of small bones [151]. 
Ultrasonography (US) typically shows hypoechoic 
masses containing hyperechoic spots corresponding 

to fungal grains. This characteristic appearance on 
US is seen when fungal granules are of large size 
and previous to sinus formation. Computed tomog-
raphy (Fig. 21.21b) is the preferred imaging tool to 
assess cortical erosions. The masses have similar 
density to muscles and fungal granules have a high 
density.

MRI (Figs. 21.21c and 21.22) can characterize 
the soft tissue masses of mycetoma, provide an 
early diagnosis, and assess the local extension of 
the infection. Mycetoma is characterized by the 
formation of microabscesses consisting of aggre-
gates of the fungal granules (“sulfur granules”) and 
surrounded by granulation tissue. On MRI myce-
toma appears as small, round hyperintense lesions 
(representing granulation tissue) measuring 
2–5 mm, surrounded by a low signal intensity rim 
(representing fibrous septa). The central low signal 
intensity dot is the result of susceptibility artifact 
caused by the presence of a conglomeration of fun-
gal grains. This finding was first reported by Sarris 
et al., as the “dot-in-circle” sign. This sign can also 
be demonstrated on T1-weighted images following 
intravenous gadolinium administration [163].

Before sinus formation and discharge of fun-
gal grains, early diagnostic may be difficult and 
mycetoma may be mistaken for a neoplasm 
(Kaposi sarcoma), neuropathic foot, or other 
chronic bacterial or tuberculosis infection [96, 
208]. Biopsy and culture are required for the final 
diagnosis and identify causal agents to ensure 
correct antimicrobial therapy.

21.2.3  Traumatic Nerve Lesions 
Presenting as a Soft 
Tissue Mass

21.2.3.1  Morton’s Fibroma
The term Morton’s neuroma is a misnomer as it 
does not represent a true neuroma but rather peri-
neural fibrosis and nerve degeneration, most 
likely due to repetitive compression and irritation 
of the interdigital nerve. Therefore, the term 
Morton’s fibroma is preferred [81].

Morton’s fibromas are most commonly found 
in the second and third intermetatarsal spaces and 
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a

c

b

Fig. 21.21 Mycetoma (Madura foot) (a) lateral radio-
graph of the hindfoot showing soft tissue shadow (arrow) 
in the region of Kager fat without bone erosion. (b) Axial 
CT scan of the foot showing several rounded lesions 
(arrow) involving medial soft tissues of the foot with 

extrinsic bone erosions of the calcaneus (c) axial 
T1-weighted MR image of the ankle showing multiple 
inflammatory granulomata, appearing as conglomerates 
of small (2–5 mm) round hypointense lesions, several 
with “dot-in-circle sign” (arrows)
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less frequently in the first and fourth. More than 
one intermetatarsal space may be affected as 
well. Morton’s fibroma is most commonly diag-
nosed in middle age, with a female predomi-
nance, and is believed to be related to the use of 
high-heeled shoes with increased weight bearing 
on the forefoot [196]. Although Morton’s fibroma 
is a common cause of intermetatarsalgia, in many 
cases it is not associated with clinical symptoms. 
Lesions with a transverse diameter smaller than 
5 mm are often asymptomatic, as studies on 

healthy volunteers have shown, with a prevalence 
of small (<5 mm) Morton’s fibromas of approxi-
mately 30 % in asymptomatic individuals [19]. 
Lesions with a transverse diameter of 5 mm or 
more are most likely symptomatic.

Ultrasound examination is reliable and the 
most cost-effective imaging technique in 
 detecting Morton’s fibroma [24]. A well-defined 
hypoechoic mass in the plantar soft tissues is 
seen at the level of the metatarsal heads  
(Fig. 22.23a). Dynamic ultrasound examination 

a b c

d e

Fig. 21.22 Actinomycotic abscess in a 21-year-old man 
(a–c) and a 23-year-old man (d, e): (a) sagittal spin echo 
T1-weighted MR image; (b) sagittal T1-weighted MR 
image after gadolinium contrast injection; (c) axial 
T2-weighted MR image; (d) coronal spin echo 
T1-weighted MR image; (e) axial turbo spin echo 
T2-weighted MR image with fat suppression. In the first 
patient, there is a collar-button-like mass involving the 
right splenius and semispinalis muscles which is isoin-
tense to muscle on T1-weighted images (a) and hyperin-

tense on T2-weighted images (c). After contrast injection 
there is moderate enhancement of the lesion without evi-
dence of necrosis (b). After resection of the slowly grow-
ing mass, the lesion proved to be an actinomycotic 
abscess. In the second patient, the images show an ill- 
defined structure of homogeneous intermediate signal 
intensity on T1-weighted images (d) at the level of the 
paraspinal muscles on a low thoracic level. The lesion 
extends both cranially and caudally, invading the right 
psoas muscles and the spine (d, e)
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using Mulder’s test can increase conspicuity and 
diagnostic confidence. For this test, the patient’s 
forefoot is held in the sonographer’s non-imaging 
hand while performing lateral compression of the 
metatarsals and applying the transducer to the 
plantar aspect of the intermetatarsal regions. 
When this maneuver is performed on patients 
with a Morton’s fibroma, the mass is compressed 
between the metatarsal heads eliciting character-
istic pain before it is plantarily displaced, often 
coinciding with a palpable click (Mulder’s sign) 
[9]. Elastography may be useful to detect smaller 
and less-defined lesions [133]. Although 
 ultrasound has been proposed as a useful tech-
nique for guidance to inject corticosteroid, local 
anesthetic, or alcohol [9, 197], according to other 
authors, this technique seems not to improve the 
efficacy and safety of therapeutic injections if the 
clinician is well trained and is familiar with fore-
foot anatomy [109, 143].

Although in experienced hands, clinical exami-
nation and ultrasound may suffice for the diagno-
sis of Morton’s fibroma [24], MR imaging has 
been proven to be highly sensitive and specific in 
diagnosing Morton’s fibroma and may be used for 
difficult cases, differential diagnosis, and precise 
preoperative assessment [42, 203, 205]. On MRI, 
Morton’s fibroma appears typically as a 
 tear-shaped, spindle-shaped, or dumbbell- shaped 
lesion in the region of the neurovascular bundle on 
the plantar side of the deep intermetatarsal liga-
ment (Fig. 21.23). Morton’s fibromas display typi-
cal signal intensities on MR imaging sequences: 
isointense to muscle on T1-WI and hypointense 
relative to fat tissue on T2-WI [205]. There is no 
typical enhancement pattern, varying from low to 
moderate to marked enhancement. In the appropri-
ate clinical setting, administration of gadolinium 
contrast medium is not required for a reliable diag-
nosis of a Morton’s fibroma. MR plays an impor-

ba

c

Fig. 21.23 Morton’s fibroma: (a) coronal T1-weighted 
MR image; (b) coronal FS T2-weighted MR image.  
(c) Corresponding coronal ultrasound at the forefoot. On 
T1-WI, a well-defined hypointense (isointense to muscle) 
lesion is seen at the intermetatarsal space between the 

third and fourth metatarsal head (black arrows) (a). The 
lesion is slightly heterogeneously hyperintense on FS 
T2-WI (white arrows) (b). On ultrasound the lesion is 
hypoechoic (c). The location and morphology of the 
tumor are characteristic of Morton’s neuroma
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tant role in excluding other pathologies that can 
mimic Morton’s fibroma such as intermetatarsal or 
subcapitometatarsal bursitis (which occurs dorsal 
to the transverse metatarsal ligament), osteonecro-
sis of the metatarsal heads, metatarsophalangeal 
joint synovitis or dislocation, tendon sheath gan-
glion, pigmented villonodular synovitis, stress 
fractures, and other disorders associated with 
metatarsalgia [204, 205].

In most cases, therapy is conservative mainly 
comprising of footwear modifications, radiofre-
quency ablation, physical therapy, and local 
(corticosteroid and anesthetic) injections into 
the affected webspace. Surgical excision is only 
performed when necessary [9].

21.2.3.2  Traumatic Neuroma
Traumatic neuroma is a nonneoplastic reactive 
hyperplasia of nerve tissue and usually occurs at 
the proximal end of a nerve trunk that has been 
severed, partially transected, or injured as a result 
of trauma. Traumatic neuromas are classified into 
neuroma-in-continuity (NIC) after partial nerve 
transection or end-bulb neuromas (EBN) after 
complete disruption. EBNs lack distal continuity 
with the parent nerve, while NICs are contiguous 
both proximally and distally [2].

The most common location for traumatic neu-
romas is the lower extremity after amputation, 
followed by the head and neck, where they have 
been reported to occur after the extraction of 
teeth.

After limb amputation, neuromas may be 
asymptomatic when not compressed, but can 
cause unexplained pain and discomfort particu-
larly when a prosthesis is worn. Physical exami-
nation may reveal a painful nodule at the site of 
the transected nerve, local tenderness over the 
injured nerve with distally radiating tingling 
(Tinel sign), denervation atrophy of the muscles, 
and sensory or trophic changes [38].

On imaging, traumatic neuroma may mimic a 
peripheral nerve sheath tumor (PNST). The his-
tory of a previous trauma is the key finding to the 
correct diagnosis.

Ultrasound reveals a hypoechoic mass at the 
distal end of site of the amputated nerve in case 
of an EBN [76]. In a transected nerve, ultrasound 

may reveal a focal gap due to nerve discontinuity 
and scar tissue at the level of transection and 
EBN formation at the proximal and distal stump 
margin [206]. An NIC is seen as a spindle-shaped 
mass on the course of the involved nerve and may 
mimic a PNST. Ultrasound-guided steroid or 
alcohol injection in painful stump neuroma has 
been reported as a successful method for pain 
relief [37, 104].

On MRI (Fig. 21.24), an EBN is seen as a T2 
hyperintense nerve terminating in a baseball- 
shaped mass resembling a balloon on a string or 
a green onion appearance [2, 38]. To differentiate 
an NIC from a PNST, administration of gadolin-
ium contrast is not useful as both lesions may 
demonstrate contrast enhancement. The lack of a 
target sign on T2-WI in a traumatic neuroma in 
conjunction with the clinical history of a previous 
trauma is the most useful clue to the correct diag-
nosis of a traumatic neuroma [2].

Distal denervation muscle atrophy serves as a 
useful secondary sign of nerve injury on MR 
imaging [38].

21.2.4  Other Posttraumatic Lesions

21.2.4.1  Hematoma and Contusion
A contusion is caused by a capillary rupture that 
provokes bleeding between the tissue muscle 
fibers, resulting in edema and inflammatory reac-
tion. Contusions are not always painful, may 
present as a mass, and thereby cause clinical con-
fusion. A soft tissue contusion appears on MR 
images as a diffuse interstitial infiltration due to 
edema. It is hyperintense on T2-weighted images 
but without architectural muscle distortion. 
However, the muscle may increase in volume, 
owing to inflammation. The history of a previous 
trauma is required to differentiate muscle contu-
sion from focal myositis, which may have a simi-
lar imaging appearance.

The ultrasound appearance of hematomas is 
variable in time. Acute hematomas are hyper-
echoic and they become more hypoechoic with 
aging. They may have well-defined or irregular 
margins (Fig. 21.25a). Dynamic evaluation with 
muscle contraction is valuable for assessing dis-
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ruption of muscle architecture. On CT, acute 
hematoma appears as a hyperdense area; MR 
imaging has replaced CT in the imaging of 
hematomas.

The MR imaging appearance of muscular 
hematomas (Figs. 21.25 and 21.26) reflects the 
pathophysiology of forming hemoglobin 
 breakdown products, which are the main con-
stituents of a hemorrhagic collection. Further 
discussion of the pathophysiology of hemoglo-
bin degradation is beyond the scope of this 
chapter.

In an acute hematoma, the signal characteris-
tics are dominated by intracellular deoxyhemo-

globin. The lesion is iso- or slightly hypointense 
on T1-weighted images compared with muscle. 
Susceptibility effects also lead to low signal on 
T2-weighted images [28].

A hematoma in the early subacute stage is 
characterized by the presence of intracellular met-
hemoglobin. This produces a high signal intensity 
on T1-weighted images, often visualized as a 
high-intensity peripheral rim. This high- intensity 
rim is a useful sign, as it may be the only clue that 
the mass is a hematoma. Susceptibility effects 
persist on T2-weighted images.

When loss of cell compartmentalization occurs 
in late subacute hematomas, extracellular methe-

a

b c

Fig. 21.24 Amputation neuroma of the left sciatic nerve in 
46-year-old male: (a) axial T2-weighted MR image;  
(b) coronal FS T2-weighted MR image. (c) Coronal FS 
T1-WI following administration of gadolinium contrast. 

T2-WI. There is enlargement of the left sciatic nerve 
 proximal to the site of amputation (arrows in a, b). Absence 
of significant enhancement of the sciatic nerve (c). Note 
muscle atrophy and fatty infiltration at the amputation stump

F.M. Vanhoenacker et al.
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moglobin results in Tl shortening. On T2-weighted 
images, the hematoma may be outlined by an area 
of high signal intensity (Fig. 21.25b-c). Diffuse 
edema is also present within the muscle in acute 
and subacute hematomas.

Finally, hemosiderin in a chronic hematoma 
also produces susceptibility effects on 
T2-weighted images. This results in low signal 
intensity on T1-weighted images and particularly 
on T2-weighted images. Blooming artifact is 
seen when using gradient echo imaging. 
Furthermore, this phenomenon is accelerated at 
the periphery of the collection, resulting in a 
peripheral hypointense rim, whereas the central 
portion of the hematoma may remain hyperin-
tense [28].

It is important to differentiate hematoma from 
hemorrhagic tumor, because hemorrhage may 
obscure tumor tissue. T1-weighted images with 
fat suppression can aid in the differentiation, fur-
ther discrimination methemoglobin from fatty tis-

sue [39]. The best features suggesting hematoma 
are the progressive decrease in size of the lesion, 
the presence of fluid-fluid levels, and the time-
dependent signal intensity changes. Conversely, 
the presence of enhancing nodules after contrast 
medium administration may suggest the presence 
of tumor [85]. Nevertheless, organized hemato-
mas can show some enhancement.

When in doubt a biopsy should be performed 
to establish a confident diagnosis, especially if 
there is an increase in size of the hemorrhagic 
mass.

A chronic expanding hematoma is an entity 
characterized by its persistence and increasing 
size for more than 1 month after the initial hem-
orrhage [108]. MR reveals a heterogeneous sig-
nal intensity on both T1- and T2-weighted 
images, with a peripheral rim of low signal inten-
sity [6]. Although the absence or presence of 
contrast enhancement is often used to distinguish 
a hematoma or a hemorrhagic neoplasm, intrale-

a b

c

Fig. 21.25 Muscle hematoma in the right rectus femoris 
muscle. (a) Sagittal ultrasound shows focal disruption of 
the muscle fibers (hematoma); (b) axial FS T2-WI; (c) 

coronal FS T2-WI FS T2-WI. MRI confirms discontinuity 
of the right rectus femoris and the presence of a hyperin-
tense hematoma with surrounding muscle edema
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a b

c

Fig. 21.26 Subacute hematoma of the calf: (a) sagittal 
spin echo T1-weighted MR image, (b) sagittal gradient 
MR image. There is a fusiform mass of intermediate sig-
nal intensity of the center, high signal intensity of the 
periphery, and adjacent subtle dark peripheral rim on 
T1-weighted images. The different layers are due to the 
presence of, respectively, intra- and extracellular methe-
moglobin and hemosiderin (a). On gradient images, 

 overall signal intensity is very high, exception made for a 
low signal intensity peripheral rim caused by hemosiderin 
(b). Signal intensities are characteristic for a subacute 
hematoma. (c) Axial substraction image after injection of 
intravenous gadolinium contrast shows the absence of 
nodular enhancement which argues against the presence 
of underlying tumoral mass lesion

F.M. Vanhoenacker et al.
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sional nodular enhancement pattern may be seen 
in chronic expanding hematoma [108].

21.2.4.2  Foreign Body Reactions
Foreign bodies such as plastic, wood, glass, and 
silica may penetrate the soft tissues and produce 
an inflammatory reaction. Clinically, a foreign 
body reaction first appears as a painful soft tissue 
swelling, and after a quiescent period of weeks or 
months, the symptoms may reappear [175]. If not 
removed immediately, a foreign body can become 
encapsulated with fibrous tissue and form a gran-
uloma. The presence of histiocytes and giant 
cells with a surrounding inflammatory reaction is 
useful in establishing the diagnosis.

Different imaging methods have each their 
advantages and limitations in the evaluation of 
foreign bodies. Radio-opaque bodies can be dem-
onstrated on conventional radiographs. When the 
lesion is in or near the bone, radiographs can 
show osteolytic and/or osteoblastic bone lesions 
[99, 159]. Since a positive history of penetrating 
trauma is not always obvious, and some lesions 
can be radiolucent, a foreign body reaction can 
be mistaken for a neoplasm [99, 159].

Ultrasound is a primary imaging tool when 
conventional radiographs fail in detecting the 
 foreign object. Its use in the detection and guided 

retrieval of a suspected foreign body has been 
well established [29]. Ultrasound shows large 
differences in acoustic impedance between 
hyperechoic foreign bodies and hypoechoic sur-
rounding inflammatory tissue (Fig. 21.27).

On MR imaging studies, the foreign body 
itself is usually low, due to the presence of few 
mobile protons in the commonly found foreign 
materials (glass, wood, metal, etc.) [85, 99,  
124, 182]. However, dispersed oil droplets can 
induce a granulomatous reaction and present as 
subcutaneous or intramuscular soft tissue masses 
with high signal on T1-weighted images [101]. 
An intralesional fat-fluid level may be seen at the 
interface of fatty and necrotic components in case 
of injection granulomas in bodybuilders. The 
combination of the clinical history and the typi-
cal location at usual locations for injection (such 
as the shoulder and gluteus muscles) are the clues 
to the correct diagnosis of these pseudotumoral 
soft tissue masses [8, 185].

The foreign body reaction appears isoin-
tense to muscle on T1-weighted images and 
hyperintense compared to subcutaneous fat on 
T2-weighted images. It is usually seen as an 
elongated lesion without well-defined margins 
and surrounded by edema, best seen on 
T2-weighted images. The foreign body itself 

a b

Fig. 21.27 Inflammatory reaction surrounding a wooden 
splinter at the dorsal aspect of the hand. (a) Clinical pic-
ture of the right hand showing swelling of the dorsum of 
the hand. There are two more pronounced red noduli at 

the second metacarpal corresponding to focal abscesses.  
(b) Ultrasound showing the wooden splinter as a linear 
reflection with surrounding power Doppler signal in keep-
ing with increased vascularity 
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c d

Fig. 21.28 Foreign body in a 31-year-old man with a 
 textiloma (gossypiboma) three years after orthopedic 
 surgery: (a) plain radiograph of the right proximal thigh; 
(b) sagittal spin echo T1-weighted MR image; (c) axial fat 
saturated turbo spin echo T2-weighted MR image;  
(d) sagittal spin echo T1-weighted MR image after gado-
linium contrast administration. Presence of a foreign 
body, corresponding with a retained surgical sponge (a). 

A well- circumscribed nodular lesion is seen at the antero-
medial aspect of the right thigh, with a slight hypointense 
center on T1-weighted MR images (b). On T2-weighted 
MR images, the lesion is inhomogeneous and has a pre-
dominantly intermediate signal intensity (c). No sign of 
necrosis is observed. After gadolinium contrast adminis-
tration, there is strong enhancement of the periphery of 
the lesion (d)

F.M. Vanhoenacker et al.



551

is hypointense both on T1-weighted images 
and T2-weighted images [85, 99, 182] 
(Fig. 21.28).

21.2.4.3  Calcific Myonecrosis
Calcific myonecrosis is an uncommon and late 
sequela of trauma, occurring with a reported delay 
ranging from 10 to 64 years after an initial trau-
matic event [54, 78, 145, 179]. The average age at 
the time of diagnosis is 56 years [78]. A fusiform 
soft tissue mass develops in the traumatized com-
partment, often mimicking a neoplastic process 
[100, 131, 207]. It is almost exclusively found in 
the lower extremities, especially in the anterior 
and lateral compartments of the leg [54, 145]. 
Other reported more unusual locations include the 
foot [78, 141] and upper extremities [100].

The exact pathogenesis is still unknown. It 
usually occurs after trauma of the femur or tibia, 
with subsequent development of compartment 
syndrome, although it also can take place after 
neurovascular injury without compartment syn-
drome [66]. One hypothesis states that the occur-
rence of compartment syndrome leads to 
decreased regional circulation with necrosis and 
fibrosis [131]. The end result is cystic degenera-
tion of the involved muscle, with platelike 
 calcification of a rind of fibrous tissue around the 
central liquefaction zone or hematoma. The 
expansive character of the lesion is believed to be 
secondary to intralesional hemorrhage [131]. 
Some investigators believe that pathologic pro-
cesses like posttraumatic cysts of soft tissue, 
chronic expanding hematoma, and calcific myo-
necrosis share a common pathophysiological 
mechanism [78]. Mentzel proposes the unifying 
term of “ancient hematoma” to describe these 
entities [121].

Plain radiographs show a fusiform mass along 
with the long axis of the muscles with peripheral 
calcifications, often with a linear plate- or plaque- 
like configuration, which may precipitate in the 
cystic area of the lesion. Ultrasound demonstrates 
scattered but predominantly peripherally located 
calcifications visible as echogenic foci with ret-
roacoustic shadowing. Central areas of liquefac-
tion or mobile calcium debris may also be seen 
[145]. Computed tomography (CT) clearly depicts 

the compartmental distribution with peripheral 
calcifications and sometimes fluid- calcium levels. 
Concomitant pressure erosions in adjacent bone 
may be present, usually with no or minimal peri-
osteal reaction. However, erosions can be exten-
sive thereby mimicking a soft tissue sarcoma. On 
MRI the periphery of the lesion shows a low-
intensity rim on T1-WI because of abundant cal-
cification. T1- and T2-WI  demonstrate the 
heterogeneity of the lesion explained by repeated 
intralesional hemorrhage with accumulation of 
blood (breakdown) products, liquefaction necro-
sis, and calcified areas. Hyperintensity on T1-WI 
is the result of subacute hemorrhage with subse-
quent hemoglobin degradation to methemoglobin 
or the presence of a proteinaceous content of cys-
tic parts in the lesion. The lesion may also show 
hyperintense areas on T2-WI corresponding with 
cystic parts or liquefaction necrosis. Other parts 
of the lesion demonstrate intermediate to low sig-
nal intensity according to the degree of calcifica-
tion. There is typically no enhancement after 
intravenous contrast administration, unless there 
is superimposed inflammation often due to mobi-
lization of plaque and penetration through the 
muscle fascia [54, 66] (Fig. 21.29).

Infection of the mass without recent surgi-
cal interventions is very rare but has been 
reported [78].

21.2.4.4  Hypothenar Hammer 
Syndrome

The hypothenar hammer syndrome is a rare clini-
cal entity, with a typical presentation of unilateral 
digital ischemia due to embolic digital artery 
occlusion from a thrombosed palmar ulnar artery. 
It is commonly found in adult males who usually 
in an occupational context repeatedly strike an 
object with the heel of the palm of the dominant 
hand. This causes damage to the superficial divi-
sion of the distal ulnar artery as it passes over the 
hamate bone in the hypothenar region (Fig. 21.30).

While most cases are unilateral, Ferris found 
in a large series a striking incidence of similar 
changes in the asymptomatic and less trauma-
tized hand [57]. Based on the findings in this 
series, he hypothesized that preexisting fibrodys-
plasia of the palmar ulnar artery may predispose 
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c
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Fig. 21.29 A 52-year-old male with a fusiform mass in 
the right lower leg and a previous history of motor vehicle 
accident 34 years previously: (a) plain radiograph, (b) 
axial CT of the right lower leg, (c) longitudinal (upper 
image) and axial (lower image) ultrasound, (d) axial 
T1-weighted MR image, and (e) axial FS T1-weighted 
MR image after administration of gadolinium contrast. 
Plain radiograph (a) reveals peripherally plaque-like cal-
cifications anterolaterally in the right lower leg. On CT, 
the lesion is located within the anterior and peroneal com-
partment. The calcifications are denser in the periphery 

than in the center. There is subtle pressure erosion on the 
fibula (b). US shows mobile calcium debris on the upper 
image, whereas peripherally located platelike calcifica-
tions with retroacoustic shadowing are seen in other areas 
(low image) (c). Due to the presence of calcifications, the 
lesion is of low signal on T1- and T2-weighted images 
(not shown), (d) and there is only subtle subcutaneous 
enhancement at the peroneal compartment, due to super-
posed inflammatory reaction around the plate of calcifica-
tion that penetrated the fascia (e) (Case courtesy of 
H. Declercq, Dendermonde)
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to artery damage when subjected to repetitive 
local trauma.

The typical location of the lesion on the dis-
tal part of the ulnar artery distal to the hamulus 
of the hamate bone, the history of repeated 
trauma and digital ischemia, the signal intensity 
of the lesion (indicative of thrombosis), and 
direct demonstration of occlusion of the ulnar 
artery with different imaging techniques 
(Doppler  ultrasound, MR and CT angiography) 

may allow a correct diagnosis (Fig. 21.30) [26, 
50, 64, 182, 193]. Catheter angiography [57] is 
currently rarely required for diagnosis. It may 
show segmental ulnar artery occlusion in the 
affected palm or “corkscrew” elongation with 
alternating stenoses and ectasia (Fig. 21.30). 
Multiple digital artery occlusions may be dem-
onstrated as well.

Treatment is mostly conservative, with sur-
gery only used in rare instances.

a b

c d

Fig. 21.30 Hypothenar hammer syndrome. (a) Sagittal 
SE T1-WI shows a hypointense lesion superficial to the 
flexor tendons (arrowhead) and immediately distal to the 
hamulus of the hamate (asterisk). (b) Axial FS SE T1-WI 
after intravenous administration of gadolinium contrast 
medium shows focal aneurysmal dilatation of the ulnar 
artery with central thrombosis (arrow). Note only faint 

peripheral enhancement. (c) Doppler ultrasound shows 
intraluminal thrombosis of the aneurysm of the ulnar 
artery. (d) MR angiography shows multiple stenoses at the 
distal ulnar artery with aneurysmal dilatation with internal 
clot formation (arrow) (Reproduced with permission 
from: Vanhoenacker et al. [182])
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21.2.5  Skin Lesions

21.2.5.1  Pilomatricoma
Pilomatricoma, formerly known as calcifying 
epithelioma of Malherbe, is a benign slow- 
growing superficial tumor of the hair follicle, 
most commonly seen in children and young 
adults [97]. The term “pilomatrixoma” was also 
previously used, better indicating its histological 
origin from hair matrix cells. The lesion is 
 typically found (in decreasing order of preva-
lence) in the head, neck, upper extremities, trunk, 
and lower extremities, presenting as a solitary 
subcutaneous calcified mass. Non-calcified 
pilomatricomas are also possible [116]. Most 
lesions are small, usually less than 3 cm, but 
larger masses have been reported [82]. A rare 
association of multiple pilomatricomas with 
myotonic dystrophy, Steinert disease, Turner 
syndrome, sarcoidosis, and Gardner syndrome 
has been described [97, 149].

On ultrasound, the lesion is oval-shaped or 
rounded and usually relatively hyperechogenic 
and well-defined. The majority of the lesions are 
slightly heterogeneous with often some small 
intralesional calcifications. Areas of increased 
power Doppler may be seen, particularly at the 
periphery. Irregular delineation is rare [111].

MR images reveal a well-defined subcutane-
ous tumor, with intermediate signal intensity on 
T1-weighted images and low-to-intermediate sig-
nal intensity on gradient echo and T2-weighted 
images (Fig. 21.31) [23]. T2-weighted fat- 
suppressed images may show bands of hyperin-
tense signal radiating away from a lower signal 
intensity center toward the periphery [23, 77]. On 
gadolinium-enhanced T1-weighted images, 
enhancement is possible but not necessary [23, 
77, 82, 116]. A possible inhomogeneous appear-
ance is due to the amorphous calcification of the 
tumor.

A pilomatrix carcinoma is an uncommon 
aggressive form, representing up to 9 % of benign 
pilomatricomas at any age [114]. Local invasion 
is possible, but distant metastasis is rare.

21.2.5.2  Granuloma Annulare
Granuloma annulare is a benign inflammatory 
dermatosis of unknown cause, characterized by 
formation of discolored dermal papules that tend 
to be ring-shaped or annular. It typically presents 
as a rapidly growing, solitary, painless, subcuta-
neous nodule without calcification in children 
less than 5 years old [93].

Clinically four forms can be distinguished: three 
cutaneous forms (erythematous, perforating, and 

a b

Fig. 21.31 A 60-year-old man with a subcutaneous lesion 
in the left lower arm: (a) axial spin echo T1-weighted MR 
image; (b) axial gradient echo T2-weighted MR image. 

The images reveal a well-defined nodular mass in the sub-
cutaneous fat, with no specific signal characteristics (a, b). 
A biopsy confirmed the diagnosis of a pilomatricoma

F.M. Vanhoenacker et al.



555

generalized) and the subcutaneous form. It is this 
latter form that can present as a soft tissue mass and 
requires local staging by imaging modalities.

Radiographs generally display a soft tissue 
mass of increased density in the subcutaneous 
compartment, without evidence of bone involve-
ment or mineralization [94, 181]. Ultrasound 
reveals an ill-defined solid mass that is hypoechoic 
to surrounding fat [127, 155, 181]. There may be 
some faint increased Doppler signal (Fig. 21.32).

The MR characteristics of subcutaneous gran-
uloma annulare have been described by several 
authors [41, 94, 181]. T1-weighted images show 
an ill-defined subcutaneous mass, isointense to 
muscle, with a slightly hypointense signal inten-
sity compared to fat on T2-weighted images 
(Fig. 21.33) [181]. Nevertheless, T2-weighted 
images may show a heterogeneous hyperintense 
lesion [41].

After intravenous contrast injection, a diffuse 
enhancement can be seen [170].

21.2.5.3  Epidermal Inclusion Cyst
Epidermal inclusion cysts (or infundibular cyst) 
are benign subcutaneous cysts formed by the 
 cystic enclosure of the epithelium within the der-
mis. They are filled with a mixture of keratin and 
lipid-rich debris [174]. Commonly they are iatro-
genic [152], resulting from mechanical obstruc-
tion, scarring, or inflammation [209]. Lesions can 
occur anywhere, but are mostly found in the 
head, neck, and trunk. Less than 10 % occur in 
the extremities [174].

On ultrasound, the lesion appears as a circum-
scribed rounded or oval hypoechoic mass with ret-
roacoustic sound enhancement (Fig. 21.34), 
sometimes in association with a hair follicle. There 
may be slight heterogeneity. An onion peel appear-
ance, which is frequent in testicular epidermoid cyst, 
is rare in cutaneous lesions. There is no increased 
Doppler, unless there may be rupture of the cysts. In 
the latter scenario, the lesion is irregularly delineated 
and there may be increased Doppler signal [111].

a b

c

Fig. 21.32 Granuloma annulare in a young child: (a) 
clinical image. Note a reddish discolored annular plaque 
over dorsal aspect of foot; (b) longitudinal ultrasound; (c) 

color Doppler. There is a hypoechogenic nodular mass in 
the subcutaneous fat (b), with slightly increased Doppler 
signal (c)
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The MR findings resemble that of a simple 
cyst, with signal characteristics varying with the 

cholesterol and keratin debris of the cyst. High 
cholesterol and keratin debris content can appear 
hyperintense to muscle on T1-weighted images, 
particularly if fat suppression is used (Fig. 21.34). 
Uncomplicated cysts show no contrast enhance-
ment [111]. Cysts may rupture, provoking a 
 foreign body reaction, granulomatous reaction, 
or abscess formation [209]. On occasion, they 
may be multiloculated.

21.2.6  Metabolic Lesions

21.2.6.1  Gout and Pseudogout
Gout is a metabolic disorder characterized by 
hyperuricemia and deposits of monosodium urate 
monohydrate crystals in periarticular soft tissues. 
In pseudogout, depositions consist of calcium 
pyrophosphate dihydrate crystals (CPPD). The 
disorders most frequently affect the first metatar-
sophalangeal joint, followed by the ankle, knee, 
wrist, fingers, and elbow. Clinical and radio-
graphic findings are usually diagnostic 
(Figs. 21.35 and 21.36). On occasion, these con-
ditions may present as a soft tissue mass [31, 157, 
187]. Calcification of the mass is seen in pseudo-
gout (Fig. 21.35) (reproduced with permission 
from Vanhoenacker et al. (2011) Pseudotumoural 
soft tissue lesions of the hand and wrist: a picto-
rial review. Insights Imaging. 2011 Jun; 2(3): 
319–333).

The MR imaging features of gouty arthri-
tis include synovial thickening and joint effu-
sion [171]. Both conditions display a 
low-to- intermediate signal intensity on 
T1-weighted images [171]. T2-weighted 
image characteristics vary from a heteroge-
neously hypointense to hyperintense mass on 
T2-weighted images [31], depending on the 
degree of inflammation. Enhancement after 
intravenous contrast injection may be seen 
[36] (Fig. 21.36).

21.2.6.2  Calcific Tendinosis
Calcific tendinosis, also known as calcific ten-
donitis or calcium hydroxyapatite disease, is a 
self-limiting inflammatory disorder, character-
ized by the deposition of hydroxyapatite crystals 

a

b

Fig. 21.33 A 4-year-old girl with a small but rapidly 
growing nodule on the extensor aspect of the left forearm: 
(a) sagittal spin echo T1-weighted MR image; (b) axial 
spin echo T2-weighted MR image. The lesion appears 
isointense to muscle on T1-weighted images (a), with a 
small hyperintense peripheral rim on T2-weighted images 
(b). The peripheral high signal rim on T2-weighted 
images is suggestive for a small zone of perilesional 
edema. These findings are compatible with a subcutane-
ous granuloma annulare in a child
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in tendons and periarticular soft tissue 
(Fig. 21.35). It is mostly seen in the shoulder, but 
other locations as the hip, hand, and wrist are also 
possible.

Radiography has an important role, revealing 
amorphous calcification or a radio-opaque dense 
mass at the suspected site. Bone erosion of the 
adjacent cortical bone is not common but has 
been reported [40, 53, 59], presumably secondary 
to inflammation at the tendon insertion or mass 
effect. This can lead to the wrong diagnosis of an 
aggressive neoplasm, especially when previous 
imaging studies are not available. While 
 periarticular calcifications are typically encoun-
tered at the tendon attachment sites, they can 
occur in and around ligamentous structures with 
concomitant inflammation [5].

Both T1- and T2-weighted images demon-
strate a signal void in the area of calcification 
(Fig. 21.37). A high signal intensity in sur-
rounding muscles related to edema can be 
seen on T2-weighted images [174]. Bone 
marrow edema can also incidentally be found 

[40], on occasion mimicking an osseous 
metastasis [92, 200].

21.2.6.3  Tumoral Calcinosis
Idiopathic tumoral calcinosis is characterized by 
the presence of progressively enlarging juxta- 
articular calcified soft tissue masses. Chemical 
analysis of these deposits shows a mixture of 
amorphous calcium carbonate, calcium phos-
phate, and hydroxyapatite crystals [128, 146]. An 
inborn error of phosphorus and vitamin D metab-
olism is the most probable hypothesis in the 
pathogenesis of idiopathic tumoral calcinosis; 
however, the exact pathogenesis remains unclear. 
Familial occurrence and hyperphosphatemia are 
observed in only one-third of the reported cases 
[1, 61, 63, 198]. In its idiopathic form, tumoral 
calcinosis usually occurs in the first three decades 
of life. There is apparently no sex predominance 
[146]. Predilection for black people and people 
from tropical climates has been reported [13, 63].

Macroscopically, tumoral calcinosis is well 
circumscribed and has a multinodular growth 

a b

c d

Fig. 21.34 Epidermal inclusion cyst at back of the trunk: 
(a) clinical image of an epidermoid inclusion cyst on a 
typical location. (b) ultrasound shows a well-defined 
hypoechoic ovoid lesion with retroacoustic sound 
enhancement; (c) axial FS T1-weighted MR image. The 

lesion is of high signal due to the presence of cholesterol 
and keratin debris; (d) axial T2-weighted MR image. Note 
the presence of a chemical shift artifact at the ventral 
interface of the lesion and the adjacent subcutaneous fat
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d

Fig. 21.35 Examples of pseudomasses of the fingers due 
to metabolic diseases. (a) clinical picture of tophaceous 
gout. Periarticular soft tissue swelling best seen at the prox-
imal interphalangeal joint of the third finger. (b) corre-
sponding plain radiograph showing soft tissue swelling and 
adjacent periosteal new bone formation (arrow). (c) ultra-
sound of another patient with tophaceous gout at the meta-

carpophalangeal joint of the thumb, showing a hypoechoic 
mass with intralesional reflections with retroacoustic shad-
owing due to monosodium urate crystal deposition 
(arrows). (d) pseudogout (hydroxyapatite deposition dis-
ease) in another patient. Plain radiograph showing linear 
and amorphous calcifications at the joint capsule of the 
distal interphalangeal joint of the index (arrows)
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pattern with yellow-gray pasty cut surface. A 
milky heterogeneous material can be washed 
out revealing cystic spaces delineated by 
fibrous walls.

Two histological types are distinguished on 
microscopic level, corresponding to the so-called 
active and inactive stages. The former is more 
frequent. It is characterized by the presence of a 

a b

c d

Fig. 21.36 Tophaceous gout of the patella and quadriceps 
tendon in a 51-year-old man: (a) sagittal T1-weighted MR 
image, (b) sagittal FS T2-weighted MR image, (c) sagittal 
FS T1-weighted MR image after administration of gado-
linium contrast, and (d) sagittal reformatted cone beam CT 
image. There is a soft tissue mass within the distal quadri-
ceps extending into the superior aspect of the patella. The 
mass was hypointense on T1-weighted images (WI) (a, 
arrows) and slightly heterogeneous hyperintense on fat 

saturated intermediate-WI (b, arrows). A bone infarct is 
seen in the distal femur (arrowhead in a, b). After admin-
istration of gadolinium contrast, heterogeneous enhance-
ment was seen (c) cone beam CT shows the soft tissue 
mass as being slightly hyperdense to the surrounding soft 
tissue (d, arrow). Partially sclerotic delineated osteolysis is 
seen at the patella (c, arrowhead) (Reproduced by permis-
sion from Vansevenant et al. [187])
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large central calcified granular area bordered by 
an inflammatory infiltrate with predominant epi-
thelioid histiocytes mixed with several lympho-
cytes and scattered giant multinuclear 
macrophages. The cellular infiltrate is limited by 
thick fibrous septa. In the inactive stage, the 
inflammatory infiltrate is absent.

Clinically, it presents as a slow-growing soft 
tissue mass in the vicinity of large joints, with the 
hip joint being the most common site [126, 130]. 
The other sites are the elbow, shoulder, knee, 
wrist, hand, and foot [61, 63, 129, 130]. The size 
of the lesion varies considerably depending on 
the location. Lesions at the buttock tend to be 
larger than those at the elbow [30, 130].

The disease is more often multiple than soli-
tary [61]. The lesion is usually painless, but 
growing lesions may interfere with joint motion 
or cause pain by nerve compression [7, 25, 115]. 
The overlying skin is usually intact, although 
ulcerations or sinuses occasionally appear, drain-
ing chalky white or yellow milklike fluid. 
However, the mass can become a site of second-
ary infection [115].

Laboratory analysis usually indicates normal 
calcemia, parathyroid hormone level, renal func-
tion, alkaline phosphatase, and uremia. 

Phosphatemia and vitamin D levels are normal or 
slightly elevated [156].

On radiographs (Fig. 21.38a), the characteristic 
appearance of tumoral calcinosis is a well- 
demarcated lobulated calcified mass located in the 
periarticular soft tissue, commonly at the extensor 
side. The lobules are separated by radiolucent lines, 
histologically corresponding to fibrous septa. This 
may cause a “chicken wire” appearance of plain 
radiographs. Fluid-calcium levels may be seen on 
upright radiographs [25, 130, 173].

Generally, the mass is unattached to bones and 
there are no osseous anomalies, although perios-
teal reaction or pressure erosion of the adjacent 
bone rarely occurs [95]. Associated diaphysitis 
and periostitis of tubular bones has been described 
as well [43].

Radionuclide bone scans show increased 
uptake of Tc-99 m-labeled phosphate compound 
in the mass and help to detect and quantify all 
lesions especially asymptomatic ones [1, 7].

Tumoral calcinosis can be examined by ultra-
sound (Fig. 21.38c), especially when the lesion 
is not very calcified. Typically, the lesion 
appears as a multiloculated mass with multiple 
cavities limited by echoic thin septa. Some of 
these septa may be vascularized on color 

a b

Fig. 21.37 A 47-year-old man with a painful right thigh, 
but no history of trauma: (a) CT scan; (b) axial turbo spin 
echo T2-weighted MR image. Multiple calcifications 
located posteriorly of the femur are present on CT scan 
(a). MR imaging reveals an ill-defined process of 
increased signal intensity at the gluteus muscles, with 

edema extending in the gluteus maximus, adductor 
 magnus, and vastus lateralis muscles. Multiple small soft 
tissue calcifications posterior form the linea aspera can be 
seen. These imaging findings are characteristic of calcific 
tendonitis of multiple muscles, mainly the right gluteus 
maximus muscle
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Fig. 21.38 Tumoral calcinosis in a 12-year-old boy.  
(a) Anteroposterior radiograph of the left hip shows a 
well- demarcated lobulated calcified mass with fluid- 
calcium levels also known as the “sedimentation sign.” (b) 
CT image of the left hip: the mass shows a mainly cystic 
component with low-attenuation centers and thin calcified 

walls. Fluid-calcium levels are noted. (c) Ultrasound 
study shows multicystic mass. Cysts contain hypoechoic 
liquid and are separated by hyperechoic thin septa.  
(d) Axial T2-weighted MR image shows a well- 
circumscribed multicystic mass with heterogeneous and 
high signal intensity (arrow)
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Doppler. Cavities are filled with anechoic or 
echoic fluid. In some cases fluid-fluid levels can 
be seen. When the lesions are entirely calcified, 
they appear as a hyperechogenic mass with an 
acoustic shadow [13].

Computed tomography (Fig. 21.38b) appear-
ances vary. The lesion may consist mainly of large 
cystic components with low-attenuation centers 
and thin layers of calcium outlining the walls. 
More commonly, there is a more nodular calcified 
component separated by low- attenuation septa. 
Fluid-calcium levels may be seen. Some of the 
septa may enhance after contrast injection [13].

On MRI (Fig. 21.38d), tumoral calcinosis is 
seen as a well-circumscribed multicystic mass. 
On T1-weighted images, the mass appears inho-
mogeneous and is of intermediate to low signal. 
Interestingly, the lesion displays heterogeneous 
and relatively high signal intensity on 
T2-weighted images, despite the large calcium 
component. This hyperintense T2 signal may be 
attributed to the granulomatous foreign body 
reaction [115] or to the hypervascularity of the 
lesion [128] or to the semifluid nature of the cal-
cium material (“milk of calcium”) [30].

Multiple intraocular fluid-fluid or fluid- 
calcium levels may be seen [173]. On MRI, the 
calcium deposit has low intensity on T1- and 
T2-weighted images; the supernatant fluid float-
ing above the calcium has high signal intensity 
on T2 images and low signal intensity on 
T1-weighted images [137].

A low signal intensity of the entire lesion in 
all sequences has been described probably due 
to the lesion’s high calcium concentration 
[132].

The septa separating the cysts are of low sig-
nal on T1-weighted images and variable signal 
on T2-weighted images and enhance after gado-
linium contrast injection. The inner layers of the 
septa can hold calcified incrustations, which 
explain the low signal on both T1- and 
T2-weighted images. The outer layers are com-
posed of connective tissue associated to a vari-
able degree of vascularization and inflammatory 
reaction, accounting for the high intensity present 
on T2-weighted and on post-contrast T1-weighted 
images [30].

MRI is superior to CT to detect septal enhance-
ment and provides accurate information about 
the location, extent, and relation with adjacent 
structures. Although MR imaging provides only 
additional information, it does not affect treat-
ment or prognosis.

The diagnosis of idiopathic tumoral calcinosis 
is one of exclusion. The differential diagnosis 
includes chronic renal failure, primary hyper-
parathyroidism, calcinosis universalis, calcinosis 
circumscripta, chronic vitamin D intoxication, 
milkalkali syndrome, collagen vascular diseases, 
and calcium pyrophosphate dihydrate crystal 
deposition disease [4, 167].

The treatment is symptomatic since the cause 
of the disease is unknown. Medical treatment 
using calcitonin, diphosphonates, steroids, phen-
ylbutazone, and radiation therapy has proved 
unsuccessful [7, 25, 130]. Complete surgical 
excision of tumoral calcinosis is the treatment of 
choice. Inadequate excision leads to a high level 
of recurrence in patients with and without meta-
bolic disturbances, and growth of recurrent 
masses is frequently more rapid than that of the 
initial lesions [7, 25, 61, 129, 130]. It is thought 
that recurrences are quite common in cases with 
hyperphosphatemia [146] or with predisposing 
genetic abnormality [70].

21.2.7  Vascular Lesions

Adventitial cystic disease is an unusual condition 
of uncertain etiology in which a mucin- containing 
cyst forms within the adventitia of the artery, nar-
rowing the arterial lumen and causing symptoms 
of intermittent claudication. It usually involves 
the popliteal artery. Less common sites of involve-
ment include the external iliac, common femoral, 
ulnar, and radial arteries [18]. On ultrasound, 
adventitial cysts appear hypo- or anechoic masses 
adjacent to the affected vessel. Color Doppler 
may show arterial stenosis or occlusion [188]. CT 
or MR angiography shows a focal, smoothly 
tapered stenosis of the popliteal artery at the level 
of the femoral condyles, due to a non- enhancing 
cyst-like mass causing extrinsic compression of 
an enhancing arterial lumen [32, 174, 188]. MR 
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imaging may reveal cyst-like structures closely to 
the compressed artery [189] (Fig. 21.39).

The presence of a pulsatile mass with bruit in 
close proximity to an artery in a patient with a 
history of trauma suggests the diagnosis of aneu-
rysm. Likewise, when a soft tissue tumor entirely 
surrounds and obliterates a major artery, an aneu-
rysm or a pseudoaneurysm should be considered. 
Peripheral arterial aneurysms are most com-
monly found in the popliteal artery, often in asso-
ciation with widespread atherosclerotic disease.

An aneurysm or pseudoaneurysm is recog-
nized on MR by the following features: signal 
void in regions of flowing blood, hyperintensity 
on T1- and T2-weighted images due to subacute 
hemorrhage, and hypointense areas caused by 
hemosiderin deposits. Moreover, MR imaging 
demonstrates a characteristic flow-related artifact 
in the direction of the phase encoding gradient 
[175]. A major vein engulfed by or adjacent to a 
mass should evoke a lesion of venous origin 
[175].

Congenital or posttraumatic acquired arterio-
venous malformations are characterized by 
dilated, tortuous blood vessels, infiltrating mus-
cles (see Chap. 16).

Varicositas of the round ligament in pregnant 
women is a condition which may mimic a soft 
tissue mass in the groin or an inguinal herniation. 
It typically occurs in the second trimester of the 
pregnancy. Demonstration of venous flow on 
color Doppler with flow reversal during Valsalva 
maneuver is the clue to the correct diagnosis [75] 
(Fig. 21.40).

21.2.8  Miscellaneous

21.2.8.1  Pseudohypertrophy of Calf 
Muscles

Enlargement of the ipsilateral muscle compart-
ment may rarely occur in patients with long- 
standing radiculopathy, peripheral nerve injury, 
anterior horn cell diseases, or acquired peripheral 
neuropathy.

Long-standing denervation is a well-known 
cause of muscle atrophy and fatty degeneration. 
When the patients continue to exercise the 
affected muscle, hypertrophy of the partially 
denervated muscle fibers may occur which 
results macroscopically in a pseudohypertrophy.

a b

Fig. 21.39 A 46-year-old man with claudicatio intermit-
tens: (a) sagittal spin echo T1-weighted MR image; (b) 
sagittal turbo spin echo T2-weighted MR image. MR 
imaging reveals a well-defined cystic process around the 

popliteal artery, hypointense on T1-weighted images (a) 
and hyperintense on T2-weighted images (b). These find-
ings are suggestive for an adventitial cyst around the pop-
liteal artery
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On imaging, a combination of fatty infiltration 
and muscle hypertrophy is seen within the mus-
cles innervated by the affected nerves. Most often 
the calf muscles are involved due to an underlying 
disc herniation at the S1 level (Fig. 21.41) [22].

21.2.8.2  Geyser Phenomenon
Cystic lesions adjacent to the acromioclavicu-
lar (AC) joint are often secondary to a long-
standing rotator cuff tear, in which there is 
communication of joint fluid of the glenohu-
meral joint with the AC joint through a large 
rotator cuff tear (Fig. 21.42). On a shoulder 
arthrogram, the leakage of dye from the gleno-
humeral joint to the upper surface of the AC 

resembles a geyser, hence its name “geyser 
phenomenon” [183, 184].

21.2.8.3  Elastofibroma Dorsi
Elastofibroma is a fibroelastic pseudotumor. It 
occurs almost exclusively in the subscapular 
region beneath the rhomboideus major and 
 latissimus dorsi muscles adjacent to the inferior 
angle of the scapula. It is thought to be caused by 
repeated mechanical friction between the chest 
wall and the tip of the scapula, which was the 
site of the lesion in 99 % of the reported cases. 
Other less common locations include the 
 olecranon, axilla, and greater trochanter regions. 
Bilateral lesions are common and seen in 

Fig. 21.40 Varicositas of 
the round ligament in 
pregnant women 
presenting with a mass 
lesion in the left groin. 
Color Doppler shows 
venous flow with flow 
reversal during Valsalva 
maneuver
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10–60 % of patients. Most patients are middle-
aged to older adults, and there is a definite 
 predominance in women. Single cases have been 
reported in children [48]. Half of the patients are 
asymptomatic, and 50 % have pain on arm 
motion.

On gross examination, these lesions have an 
oval or lenticular shape and are firm and rubbery. 
Histologically, lesions are composed mainly of 
elastin-like fibers and entrapped islands of 
mature adipose tissue. Microscopic examination 
shows hypertrophy and degeneration of elastin 

a b c

d f

e

Fig. 21.41 A 41-year-old man with unilateral right-sided 
calf enlargement, following chronic ipsilateral S1 radicu-
lopathy: (a) clinical photograph; (b) axial CT scan of the 
lumbar spine; (c) ultrasonography of the right lower limb; 
(d) axial CT scan of the lower limbs; (e) axial spin echo 
T1-weighted MR image; (f) coronal spin echo T1-weighted 
MR image. The clinical photograph (a) demonstrates a clin-
ically painless and progressive enlargement of the right calf. 
CT images at the level of the lumbar spine reveal a since 
3-year known right-sided disc herniation compressing the 

S1 nerve root (b). In the right lower limb, ultrasound shows 
reflective linear strands within the muscle belly of the soleus 
muscle (c), while on CT an enlarged circumference of the 
right lower leg is shown compared with the left leg (d). Note 
the hypertrophy of the soleus muscle and decreased density 
of the medial head of the gastrocnemius muscle. MR images 
(e, f) confirm the true muscular hypertrophy of the soleus 
and gastrocnemius muscles. The muscle fibers are intermin-
gled with fine linear streaks of high signal intensity, corre-
sponding to tiny fatty bands (arrow) in pseudohypertrophy
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with a background of mature collagen and fat. It 
consists of entrapped fat within a fibrous matrix. 
On imaging, the lesion has a multilayered 
appearance, resembling lasagna (Fig. 21.43). 
Ultrasound shows alternating hyperechogenic 
and  hypoechogenic bands [180]. There is usually 
no increased vascularity on color Doppler exam-
ination. On MRI, the alternating bands of low 
signal intensity  correspond to fibrous compo-
nents, whereas intermingled fatty components 
are similar to fat on all pulse sequences 
(Fig. 21.43) [180, 184].

CT scans show attenuation similar to that of 
adjacent muscle. Sometimes there are strands of 
low density similar to that of subcutaneous fat 
[98]. Mild and moderate uptake of 18 F-FDG is 
frequently seen, which should be known to avoid 
making wrong diagnosis [56].

Invasive procedures should not be performed 
for diagnostic purposes in elderly individuals. 
Familiarity of the radiologist with this entity may 
make it possible to avoid unnecessary surgery 
[142]. Differential diagnosis is limited, but 
includes older desmoids, which are hypocellular, 

a b

c

Fig. 21.42 Geyser phenomenon in a long-standing rota-
tor cuff tear: (a) clinical image showing a patient present-
ing with a soft mass on top of the AC joint, (b) plain 
radiograph of the right shoulder showing marked narrow-
ing of the acromiohumeral space, in keeping with a large 

rotator cuff tear. Note also swelling at the AC joint. (c) 
Ultrasound showing a cystic lesion communicating with 
the AC joint. A full-thickness rotator cuff tear was present 
on ultrasound (not shown)
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a b

c

Fig. 21.43 Elastofibroma dorsi. (a) Clinical image of the 
patient showing a left periscapular soft tissue mass when 
the patient elevated his shoulder. (b) Coronal HASTE 
demonstrates a bilateral fusiform soft tissue mass between 
the serratus anterior muscle and the thoracic wall. The 

lesion has a multilayered appearance, consisting of alter-
nating bands of low signal with intermingled fatty compo-
nents, resembling lasagna. (c) Axial T2-WI showing the 
intimate relationship of the lesion with the apex of the 
scapula, the serratus anterior muscle and the thoracic wall
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contain large amounts of collagen, and occur in 
younger patients.

21.3  Conclusion and Diagnostic 
Strategy

The imaging approach of pseudotumoral lesions of 
soft tissues is generally very similar to the approach 
of “true” soft tissue tumoral counterparts.

Knowledge of the normal anatomy and exis-
tence and common presentation of these diseases, 
in combination with the relevant clinical findings 
(clinical history, location, skin changes), enables 
correct diagnosis in most cases, thereby limiting 
the need for invasive procedures. Biopsy should 
be performed in indeterminate cases (Fig. 21.44).
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22.1  Introduction

Lymphoma can involve any part of the musculo-
skeletal system. Primary soft tissue lymphoma 
involves in decreasing order of frequency the 
muscles, subcutaneous tissues (mycosis fungoi-
des), the skin, synovium, nerve roots, and bone. 
Secondary lymphomatous involvement of the 
musculoskeletal system is more common, while 
primary malignant extranodal soft tissue 
 lymphoma is very rare and accounts for only 
0.01–2 % of soft tissue tumors [22, 32, 34]. 
Secondary involvement of soft tissue by lym-
phoma can occur as part of disseminated disease 
or as extension from adjacent bone or lymph 
nodes. An increased incidence has been noted in 
recent years, possibly related to an increase in the 
number of immunocompromised patients [25]. 
Classification of malignant lymphoma continues 
to evolve from increased understanding of nor-
mal lymphoid cell differentiation as well as from 
observations on behavior and response to therapy 
within lymphoma subtypes. Therefore compar-
ing studies and data should be made with precau-
tion, respecting the fact that lymphoma has been 
classified by several systems over the past 30 
years.

The purpose of further classifying non- 
Hodgkin’s lymphomas into specific categories is 
to describe the individual behavior and to develop 
appropriate treatment strategies for each type of 
lymphoma.
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The most common classification system used 
in the 1980s–1990s was the International 
Working Formulation (IWF). The IWF divided 
non-Hodgkin’s lymphomas into three grades 
based on the microscopical appearance. This type 
of histological grading into low-grade, 
intermediate- grade, and high-grade lymphoma is 
found throughout case reports and in the litera-
ture [28, 32].

Since the utilization of the IWF, additional 
work is done that further classifies non- Hodgkin’s 
lymphomas into individual cancers, each with 
specific features and behavior. This newer system 
is called the Revised European American 
Lymphoma (REAL) classification (1994). This 
REAL classification was so far updated in 1999 
and revised in 2008 in line with the WHO modi-
fication [13, 16] which recognizes three major 
categories of lymphoid malignancies based on 
morphology and cell lineage: B-cell neoplasms, 
T-cell/natural killer (NK)-cell neoplasms, and 
Hodgkin’s lymphoma.

Almost all cases described in the literature and 
reflected in our series are non-Hodgkin’s lym-
phomas, the majority of the B-cell type.

Histological and immunophenotypic studies 
show a range of small lymphocytic, follicular, 
mixed, small noncleaved, and large cell (diffuse 
large B-cell lymphoma (DLBCL) (anaplastic, 
immunoblastic, and centroblastic) lymphoma. 
Only a minority of T-cell lymphoma of the soft tis-
sues are reported in the literature [1, 8, 18, 20, 28].

A distinctive subtype of soft tissue lympho-
mas has been reported by Isaacson and Wright 
[15] in 1983 and named MALT lymphomas, 
which stands for mucosa-associated lymphoid 
tissue. These are the extranodal equivalent of 
monocytoid (marginal zone) B-cell lymphomas 
occurring in lymphoid organs such as the lymph 
node. Although MALT lymphomas occur most 
frequently in the stomach, they have also been 
described in various nongastrointestinal sites, 
such as the salivary gland, conjunctiva, thyroid, 
orbit, lung, breast, kidney, skin, liver, and pros-
tate, as well as the central nervous system. Most 
of these organ systems lack native lymphoid tis-
sue but acquire MALT in close association with 
chronic inflammation or autoimmune processes. 

MALT lymphomas appear to have similar clini-
cal, pathological, and molecular features regard-
less of the organ of origin.

In the revised REAL-WHO classification, the 
MALT lymphomas were definitively classified 
among the marginal zone B-cell lymphomas.

22.2  Epidemiology

The disease mainly affects patients in their sixth 
to seventh decades. There is no sex predilection. 
As far as race is described in literature, there have 
been no black patients with primary soft tissue 
lymphoma. Ninety-five percent of lymphomas 
occur in the extremities, with 75 % in the lower 
extremities [21]. Earlier studies also report a 
minor predilection for the gluteus and psoas mus-
cles [3]. Primary soft tissue lymphoma is rather 
rare, the reported frequency depending on the 
strictness of definition. Lymphomas originating 
at soft tissue account for 0.011–2 % of primary 
lymphomas [35].

Although extranodal lymphomas are common 
in HIV-1-positive disease in general, there are 
only few reports of primary soft tissue non- 
Hodgkin’s lymphoma in literature [30].

MALT lymphoma represents about 8 % of all 
non-Hodgkin’s lymphomas [15]. Nongastro-
intestinal locations represent about 30–40 % of 
all low-grade mucosa-associated lymphoid tissue 
(MALT) lymphomas.

22.3  Pathogenesis

Little is known about the etiology and pathogen-
esis of soft tissue lymphoma. An association has 
been described between B-cell lymphoma and 
rheumatoid arthritis [11]. Chronic local immune 
stimulation may have a significant role in the 
pathogenesis of these lymphomas, unlike the fre-
quently reversible and EBV-positive lymphomas 
that occur in rheumatoid patients undergoing 
immunosuppressive therapy.

An increased incidence of soft tissue lympho-
mas has been described in patients who have 
 previously undergone orthopedic surgery using 
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metallic implants and after joint replacement, in 
acquired immune deficiency syndrome, and after 
organ transplantation with immunosuppressive 
treatment [6, 18, 27]. Some studies also suggest a 
possible correlation between dioxin pollution, 
the use of chlorinated drinking water, the expo-
sure to chlorophenols or phenoxy herbicides, and 
the presence of soft tissue sarcoma and non- 
Hodgkin’s lymphoma.

22.4  Clinical Manifestations

The clinical presentation is nonspecific. 
Lymphomas are relatively large tumors at presen-
tation, varying from 2 cm to more than 15 cm. 
The soft tissue mass is often the only clinical 
finding. Pain and tenderness may be present and 
are more often found in case of lymphoma than 
in soft tissue sarcoma. In some cases increased 
serum levels of lactate dehydrogenase are found 
[7]. The general signs associated with the nodal 
type of lymphoma are only found in less than 2 % 
of reported cases.

In rare cases, a nephrotic syndrome can be the 
initial presentation of soft tissue lymphoma [10, 20]. 
Locations such as the stomach, intestine, skin, 
endocrine, and salivary glands, as well as the cen-
tral nervous system, can present with atypical, 
nonspecific signs and symptoms related to the 
site of origin [33]. Neurological and skin involve-
ments usually dominate the clinical presentation 
of intravascular lymphomatosis (IL) and mycosis 
fungoides. IL is a rare entity, only recently 
included in the lymphoma classification, whose 
main characteristics result from tumoral infiltra-
tion of the blood vessels, presenting with skin 
rash or neurological symptoms due to necrotic or 
demyelinating disorders.

22.5  Imaging

22.5.1  Radiological Imaging

Plain radiographs are usually of little help in the 
assessment of soft tissue lymphoma, as they 
rarely show associated bone abnormalities.

On ultrasound, lesions are relatively heteroge-
neous, hyporeflective, or isoreflective in compar-
ison with adjacent muscles (Fig. 22.4). The 
infiltrative pattern of the lesions can be appreci-
ated by their rather irregular borders toward the 
adjacent muscle groups. Ultrasound can easily 
depict the infiltration of the subcutaneous fat by 
the tumor. In some cases, apparent coarsening of 
fibroadipose septa and swelling of muscle bun-
dles may occur [2]. As with other soft tissue 
tumors, ultrasound has a very low specificity but 
can be used for monitoring therapy and biopsy 
guidance. Ultrasound can especially be used in 
the follow- up of skin involvement.

Computed tomography shows lesions with an 
attenuation similar to that of muscle [19, 26]. As 
a consequence the lesion often cannot be distin-
guished from adjacent muscle fibers and presents 
as a diffuse soft tissue swelling. In the same way, 
a clinically apparent mass lesion in non- 
Hodgkin’s lymphoma should not be neglected on 
the basis of an apparently unremarkable CT scan. 
After intravenous administration of iodinated 
contrast material, enhancement of soft tissue 
lymphomas is mostly poor, though diffuse [10].

Angiography is of little or no value; lympho-
mas mostly present as hypovascular mass 
lesions [3].

On magnetic resonance imaging, lympho-
mas might present as large masses (Fig. 22.1). 
In our own series of non-Hodgkin’s soft tissue 
lymphoma, we found areas of mild hyperinten-
sity on Tl-weighted images (WI) in ten out of 
fourteen cases (Figs. 22.2b and 22.3a). The 
hyperintensity on T1-WI of the majority of soft 
tissue lymphoma (Hodgkin and non-Hodgkin) 
was confirmed by Suresh et al. [31]. Signal 
intensities isointense to or slightly lower than 
adjacent muscles on T1-WI are half as frequent 
(Figs. 22.1a and 22.2b). On T1-weighted SE 
images, the lesions are homogeneous [34]. 
Tl-WI with fat suppression demonstrate a 
hyperintense aspect of the infiltrating lesion in 
comparison to the surrounding muscle tissue 
(Fig. 22.1b and 22.6c). The vast majority of the 
lesions are of intermediate SI on T2-WI with 
only a minority of hyperintense lesions [35]. A 
homogeneous, intermediate SI of the soft tissue 
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Fig. 22.1 (a–d) B-cell non-Hodgkin’s lymphoma in a 
55-year-old man: (a) axial spin-echo T1-weighted MR 
image; (b) axial spin-echo T1-weighted MR image with 
fat suppression; (c) axial spin-echo T1-weighted MR 
image after gadolinium contrast injection with fat sup-
pression; (d) sagittal spin-echo T2-weighted image. The 
T1-weighted image shows a diffuse infiltrating mass with 
a slightly higher signal intensity than adjacent muscle (a). 
With fat suppression the lesion becomes more hyperin-
tense, and the extent of the lesion in the infraspinatus, 
trapezoid, and deltoid muscle becomes apparent (b). After 
intravenous contrast administration, there is a diffuse 

moderately heterogeneous contrast enhancement provid-
ing a good differentiation between muscle fibers and 
tumor on the T1-weighted image (c). On the T2-weighted 
image, the lesion is better depicted owing to the hyperin-
tense appearance relative to the low signal intensity of 
muscle, illustrating the extent of tumoral involvement 
with a sharp transition zone to the surrounding trapezoid 
muscle (d). The T2-weighted image and the T1-FS- 
weighted image after gadolinium confirm an intact aspect 
of the cortical bone of the scapula with a sharp demarca-
tion between the relative hyperintense aspect of the tumor 
and the cortical bone of the scapula (c, d)

Fig. 22.2 (a–e) Giant B-cell lymphoma in a 68-year-old 
woman: (a) axial CT image after IV contrast injection; (b) 
axial spin-echo T1-weighted MR image; (c) axial spin- echo 
T1-weighted MR image after gadolinium contrast injection 
with fat suppression; (d) coronal spin-echo T1-weighted MR 
image after gadolinium contrast injection with fat suppression; 
(e) axial spin-echo STIR- weighted image. CT image after con-
trast shows a butterfly-shaped lesion consisting of a soft tissue 
mass enveloping the cortical bone of the iliac crest. The lesion 
shows a homogeneous contrast enhancement making the 
lesion mildly hyperdense in comparison to the gluteal and iliac 
muscles (a). The T1-weighted image shows no apparent 

destruction of the iliac wing. The lesion is rather homogeneous 
presenting with a signal intensity similar to the surrounding 
muscle structures (b). Both T1- and T2-weighted images with 
fat suppression illustrate focal areas of abnormal bone marrow 
due to permeative bone infiltration characteristic of lymphoma 
without apparent bone destruction. The presentation is typical 
for the “wraparound” sign seen in bone and soft tissue lym-
phoma (c–e). The hyperintensity of the lesion after fat suppres-
sion allows better evaluation of the tumor extent and better 
delineates the transition of tumoral tissue to normal gluteal and 
iliac muscle fibers. The tumor enhances homogeneously 
showing minor internal septation (c, d)
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mass on T2-WI FSE images is most common 
[35]. Only one report describes a relative low to 
isointense signal relative to muscle of lym-
phoma on T2-WI with a hyperintense signal on 
STIR images [23]. In our studies we have two 
similar patients presenting with a low SI on 

T2-weighted images (Fig. 22.4d). After intra-
venous administration of gadolinium-DTPA, 
there is a mild to moderate, diffuse enhance-
ment (Figs. 22.1c, d, 22.3e, 22.5e and 22.6d, e) 
with homogeneous or heterogeneous enhance-
ment pattern being equally frequent [35]. There 
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Fig. 22.3 (a–d) Biopsy-proven non-Hodgkin’s lym-
phoma of the quadriceps muscle in a 64-year-old woman: 
(a) axial spin-echo Tl-weighted MR image; (b) axial spin- 
echo T2-weighted MR image; (c) coronal; (d) axial spin- 
echo Tl-weighted MR images after gadolinium contrast 
injection. On a Tl-weighted image, the lesion presents as 
a nodular mass, infiltrating the fascia and superficial fibers 
of the rectus femoris, vastus intermedius, and adductor 
longus muscles. The lesion has a slightly higher signal 
intensity than adjacent muscle. There is an extensive 

tumoral spread into the subcutis and cutis resulting in 
venous obstruction and superficial varices (a). After con-
trast injection there is a diffuse, moderately heterogeneous 
contrast enhancement providing a good differentiation 
between muscle fibers and tumor on Tl-weighted images 
(c, d). On a T2-weighted image, the extent of the lesion 
can be depicted better owing to the hyperintense appear-
ance relative to the low signal intensity of muscle (b). The 
T2-weighted or fat-suppressed images also allow better 
appreciation of venous involvement 
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Fig. 22.4 (a–d) A 66-year-old man with left sciatica pre-
senting with a type B non-Hodgkin’s lymphoma in and 
around the sciatic nerve: (a, b) ultrasound; (c) axial spin- 
echo Tl-weighted MR image; (d) sagittal spin-echo 
T2-weighted MR image. A nodular type of lesion is found 
on ultrasound between the hamstring muscles. The lesion is 
sharply demarcated and presents with similar but more het-
erogeneous echogenicity to that of the hamstring muscles 
(a). In the caudal border of the lesion, hyper- echogenicity is 

due to infiltration of the tumor in the surrounding fat (b). 
On T1-weighted images, there is a nodular lesion in the 
center of the hamstrings along the neurovascular bundle. 
The lesion has a mildly hyperintense to isointense appear-
ance, making differentiation with adjacent muscle groups 
relatively difficult (c). On T2-weighted images, a mildly 
hyperintense, bead-like lesion extending along the nerve 
root with irregular fat planes toward the biceps femoris 
(caput longum) muscle is seen
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Fig. 22.5 (a–e) A 64-year-old man with a palpable soft 
tissue mass at the left upper arm (non-Hodgkin’s lym-
phoma): (a) radiography of the left humerus; (b) CT scan 
after iodinated contrast injection; (c, d) sagittal spin-echo 
T1- and T2-weighted MR images; (e) axial spin-echo 
T1-weighted MR image after gadolinium contrast admin-
istration. The initial radiographic examination reveals a 
permeated aspect of the cortex of the left humerus of a 
lengthy area with linear and irregular periosteal abnor-
malities (a). Contrast-enhanced CT scan shows a diffuse 
iso-attenuating infiltrating mass, whereas the borders of 
the lesion cannot be distinguished from the adjacent 

 muscle fibers. The density of the bone marrow is abnor-
mal (b). The higher signal intensity of the tumor on cor-
responding T1- and T2-weighted images (c, d) is 
indicative of a diffuse infiltrating mass extending along 
the humeral shaft and infiltrating the brachioradial and tri-
ceps compartments. The bony “wraparound” sign of the 
tumor resulting in periosteal reaction at the humeral 
diaphysis and in bone marrow involvement is considered 
highly suggestive of soft tissue lymphoma. T1-weighted 
images after gadolinium contrast administration allow 
evaluation of tumor extension into different compartments 
and exclusion of invasion of the neurovascular bundle (e)
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are in general no signs of necrosis or hemor-
rhage before treatment.

Two different morphological patterns are 
encountered: a more lobular, which is usually 
more superficial, and a deeper, diffuse infiltrative 
pattern. In both cases lesions behaved aggres-
sively, often infiltrating multiple muscle groups 
or compartments, with no respect for compart-
ment boundaries. Multicompartmental involve-
ment is noted in 50 % of cases often extending 
into the subcutaneous tissues in about 40 % of 
cases [2, 35] (Fig. 22.6a–e). The transition of the 
tumor is irregular without cleavage planes toward 
adjacent muscle fibers (Figs. 22.3 and 22.4). 
Infiltration along the neurovascular bundle 
(Fig. 22.2) and extension through subcutaneous 
strands are often present (five out of eleven cases 
in our series). These strands are hypointense on 
TI-WI and mildly hyperintense on T2-WI. There 
is little or no gadolinium-DTPA enhancement in 
these strands corresponding to perilesional 
edema. Often there is an encasement of major 
vascular structures. MRI is the imaging tech-
nique of choice for demonstrating neurovascular 
encasement and defining the extent of cortical 
bone and marrow involvement, found in 7 out of 
24 cases in the series of Suresh et al. [31]. 
Lymphoma can infiltrate and/or surround the cor-
tical bone with changes in the signal intensity of 
the adjacent marrow. In these cases, differentia-
tion between secondary soft tissue lymphoma by 
extracortical spread of primary bone lymphoma 
and primary soft tissue lymphoma with second-
ary bone involvement is often not possible 
(Fig. 22.5). The first possibility is supported by 
findings of Hicks and the second by findings of 
Moulopoulos [14, 24].

Moulopoulos [24] reviewed a series of 13 
stage 4 lymphomas with bone involvement. If 
tumor was present on either side of the bony cor-
tex but the contour of the affected bone was pre-
served, it was described as “wrapped around” 
(Fig. 22.3). This wraparound sign is indicative of 
a primary soft tissue lymphoma and is not found 
in patients with myeloma or metastatic disease.

Hicks et al. [14] showed that the absence of 
cortical destruction in the case of a soft tissue 
mass adjacent to a bone lymphoma does not 

exclude the possibility of an extension of the pri-
mary bone disease into adjacent soft tissues. In 
their study of primary bone lymphoma, they 
showed the presence of intracortical channels 
which are filled with tumor.

In those studies, however, the intraosseous 
component preceded the development of a soft 
tissue mass or was very extensive in proportion to 
the soft tissue mass itself. In our series the soft 
tissue component of the tumors was accompa-
nied by only a mild endomedullary component in 
four cases (Fig. 22.3). The soft tissue component 
was obviously more extensive than the bone mar-
row abnormalities. Intracortical channels were 
not shown either before or after intravenous 
gadolinium- DTPA administration. Consequently 
these lesions are considered primary soft tissue 
lymphoma with secondary bony involvement.

22.5.2  Nuclear Medicine and Hybrid 
Imaging

Similar to systemic lymphoma [18F]fluorodeoxy-
glucose positron emission tomography (FDG- 
PET) shows a marked accumulation of 
radionuclide, and therefore FDG-PET or FDG- 
PET- CT is strongly recommended before treat-
ment for patients with routinely FDG-avid, 
potentially curable lymphomas to better delineate 
the extent of disease; however, currently it is not 
routinely indicated because of limitations 
imposed by cost and restriction in availability [5] 
(Fig. 22.6f).

A diffuse, widespread accumulation of radio-
isotope in the affected muscle can also be seen in 
rhabdomyolysis [20]. Rhabdomyolysis can be a 
sequela of lymphoma, as a result of the tendency 
of malignant lymphoma to increase the amount 
of muscle damage. Muscle damage may be 
caused by diffuse infiltration into muscles, by 
involvement of multiple neighboring muscle 
compartments and metastasizing into other soft 
tissues, as well as a sequela of cytotoxic actions. 
This cytotoxic action with acute tubular necrosis 
can account for the number of patients reported 
with renal dysfunction associated with muscle 
lymphomas.
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The different imaging modalities are complemen-
tary rather than competitive in the initial evaluation of 
malignant lymphoma. The imaging characteristics 
are not specific for lymphoma subtypes.

PET is essential for the follow-up and posttreat-
ment assessment of soft tissue lymphoma (diffuse 
large B-cell lymphoma (DLBCL) and Hodgkin’s 
lymphoma). PET is recommended in the other, 
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incurable histologic types of tumors solely if they 
were PET positive before treatment [5]. Change in 
size and FDG avidity are the main imaging param-
eters assessed under the revised International 
Working Group response criteria [5, 35].

Post-therapy inflammatory changes may per-
sist for up to 2 weeks (after chemotherapy alone) 
and for up to 2–3 months or longer (after radia-
tion therapy or combined chemotherapy and radi-
ation therapy). To minimize the amount of these 
potentially confounding interpretation finding, 
PET scans should not be performed for at least 3 
weeks, and preferably 6–8 weeks, after comple-
tion of therapy [17].

Current data are inadequate to recommend 
routine surveillance PET scans after the restaging 
study [5].

22.6  Staging

In addition to characterization, imaging tech-
niques are mandatory to determine the stage or 
local and distant cancer spread. All new treat-
ment information is categorized and evaluated by 
the stage of the disease. AJCC Manual for 
Staging Cancer is used to stage lymphoma 
(Table 22.1). It was originally developed for 
Hodgkin’s disease and later expanded to include 
non-Hodgkin’s lymphoma.

Determining the local extent of the cancer 
requires MRI, and distant spread may be studied 
by CT of the abdomen and thorax, MRI of the 
brain and skeletal scintigraphy and/or PET-CT 
scan, and blood tests. Although an extranodal 

presentation of lymphoma means stage IV dis-
ease (involves one or more organs outside the 
lymph system or a single organ and a distant 
lymph node site), imaging will be used to exclude 
involvement of other nodal or organ involvement 
(Figs. 22.7 and 22.8).

For primary nodal and primary extranodal 
involvement, PET-CT is preferred for staging of 
FDG-avid lymphomas, and CT scan is preferred 
in all other scenarios. A chest x-ray is no longer 
required in lymphoma staging because it is less 
accurate than CT. Moreover, CT identifies more 
hilar nodes and may better discriminate between 
a single large nodal mass and an aggregate of 
individual nodes [4].

Fig. 22.6 Subcutaneous B-cell lymphoma at the right 
upper arm, MRI (a–e) and PET (f) (Reprinted with per-
mission from reference Vanhoenacker FM, Baten A, 
Vandeputte V (2009) Imaging findings of a cutaneous 
B-Cell Lymphoma. JBR-BTR 92:285–288). (a) Axial 
T1-WI demonstrating a well-demarcated slight hyperin-
tense mass involving the subcutaneous fat and the skin at 
the anterior-lateral aspect of the upper arm. The lesion has 
an intimate relationship with the fascia of the biceps mus-
cle. There is a small additional subcutaneous lesion within 
the subcutaneous tissue of the chest wall with similar SI 
characteristics (arrow). (b) Coronal fat-suppressed T2-WI 
of the right upper arm shows a large fusiform mass (white 
arrows), which is of intermediate signal intensity. (c) 
Axial fat-suppressed T1-WI. The lesion has a slightly 
higher signal intensity than the muscle. The small addi-

tional subcutaneous lesion within the subcutaneous tissue 
of the chest wall is seen as well (arrow). (d) Axial fat- 
suppressed T1-WI after intravenous injection of gadolin-
ium contrast. Marked and homogeneous enhancement of 
the lesion as well of a subcutaneous nodule at the back of 
the trunk is demonstrated (arrow). (e) Axial subtraction 
image of the enhanced and nonenhanced MR images at a 
slightly different level. The homogeneous enhancement 
pattern is more obvious. Notice also the presence of two 
enhancing satellite nodules at the subcutaneous tissue of 
the chest wall (arrows). (f) [18F]fluorodeoxyglucose 
(FDG) positron emission tomography. Notice a focal area 
of intense FDG uptake at the right upper arm (white 
arrow), as well as two additional foci of increased uptake 
at the right chest wall (black arrowhead) and a fourth 
small subcutaneous lesion at the right thigh (black arrow)

Table 22.1 Staging of lymphoma

Stage I

Involvement of a single lymph node region or 
lymphoid organ (thymus) (I) or of a single 
extralymphatic organ or site (IE)

Stage II

Involvement of two or more lymph node regions on 
the same side of the diaphragm (II) or localized 
involvement of extralymphatic organ or site and of one 
or more lymph node regions on the same side of the 
diaphragm (IIE)

Stage III

Involvement of lymph node regions on both sides of 
the diaphragm (III) which may also be accompanied 
by localized involvement of extralymphatic organ or 
site (IIIE) or by involvement of the spleen (IIIS) or 
both (IIISE)

Stage IV

Diffuse or disseminated involvement of one or more 
extralymphatic organs or tissues with or without 
associated lymph node enlargement
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Fig. 22.7 B-cell lymphoma at the left humerus in 
76-year-old female mimicking osteomyelitis (Courtesy 
of Dr. Hugo Declercq, Dendermonde). (a) Coronal 
T1-WI demonstrating low SI at the endomedullary cavity 
of the humeral diaphysis and distal metaphysis. Extension 
of the lesion at the posteromedial subcutaneous tissue 
(arrows). Infiltration of the muscle compartment is not 
identified due to isointensity of the lesion and muscle. 
The cortical bone of the humerus is not destructed.  
(b) Axial T2-WI, homogeneous hyperintense tumor mass 
at the endomedullary cavity of the humerus with invasion 

of the extra- osseous tissue, wrapped around the humerus, 
invasion at the posteromedial subcutaneous tissue, and 
encasement of the neurovascular bundle (arrow).  
(c) Coronal T1-WI after intravenous gadolinium admin-
istration demonstrating nonhomogeneous enhancement 
with central areas with absence of enhancement at the 
endomedullary bone and the medial soft tissues similar to 
abscess formation. (d) Axial T1-WI FS after intravenous 
gadolinium administration marked nonhomogeneous 
enhancement with absence of enhancement at the medial 
soft tissue (arrows)
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Fig. 22.8 Retroperitoneal lymphoma in 81-year-old 
male. (a) Coronal CT of the abdomen after intravenous 
administration of jodium contrast. Mass at the left psoas 
region, isointense with muscle (arrows). No destruction or 
major disk space narrowing at the lumbar segments is 

 present. (b) Sagittal T1-WI of the lumbar spine demon-
strating an isointense mass compared to muscle involving 
multiple lower lumbar segments (arrows). (c) Sagittal 
T2-WI of the lumbar spine demonstrating nonhomoge-
neous slight hyperintense mass compared to muscle tissue
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Contrast-enhanced CT is preferred for radia-
tion therapy planning. Variably FDG-avid histol-
ogies should be staged with a CT scan [4].

22.7  Differential Diagnosis

Lymphoma in an extranodal site can be confused 
with a wide variety of both inflammatory and 
neoplastic conditions.

Fine-needle aspiration biopsy (FNAB), core 
biopsy, or open biopsy is mandatory for a  definite 
diagnosis. In the majority of cases, it is possible 
to obtain a specific diagnosis and subtype of soft 
tissue lymphoma using FNAB [34]. Reliable dif-
ferentiation of lymphoma from other small- 
round- cell tumors, such as rhabdomyosarcoma 
or Ewing’s sarcoma, and from metastatic carci-
noma is necessary for therapeutic purposes. 
Light microscopy is usually sufficient for diag-
nosis. However, myxofibrosarcoma may be 
 difficult to distinguish from Hodgkin’s disease. 
This resemblance occurs more often in the pres-
ence of tumors in which histiocyte-like cells are 
intermingled with chronic inflammatory cells 
[9]. In these cases immunohistochemical exami-
nation is mandatory. Leu-M1 is a marker for 
Reed- Sternberg cells, which are not found in 
 myxofibrosarcoma. Anaplastic, sarcomatoid 
lymphoma appearing primarily in the soft tissues 
without peripheral lymphadenopathy can create 
considerable diagnostic difficulties even for the 
pathologist, as it may be mistaken for sarcoma 
[1]. An accurate histological diagnosis is essen-
tial, because treatment of a muscle mass based 
on histological diagnosis of an undifferentiated 
neoplasm may lead to unnecessary radical sur-
gery [29].

Diagnosing non-Hodgkin’s lymphoma 
requires a great deal of skill and an expert pathol-
ogist. The use of fluorescence in situ hybridiza-
tion (FISH) and DNA microarray technology and 
the use of CD markers are just some of the tests 
and technologies that may be used to achieve a 
correct diagnosis.

Moreover, a correct diagnosis of primary 
lymphoma is essential because the long-term 
prognosis is usually good if the tumor is prop-
erly managed. Collaboration between the radi-
ologist and pathologist is a prerequisite for a 
correct diagnosis. If lymphoma is suspected or 
in the imaging differential diagnosis, appropri-
ate immunohistochemical characterization of 
tumors will drastically reduce the incidence of 
“undifferentiated” histopathological diagnoses 
and will optimize patient management. Correct 
diagnosis is essential to guide appropriate man-
agement with chemotherapy and avoid unneces-
sary surgery. In this regard, the presence of 
adenopathies and the infiltrative pattern of lym-
phomas in contrast to sarcomas can help pathol-
ogists in orienting the tissue diagnosis. Tumor 
size is not a prognostic tool in predicting sur-
vival [12].

 Conclusion

Whenever a soft tissue mass is encountered, 
which is iso- to slightly hyperintense on Tl-WI 
and intermediate to hyperintense on T2-WI 
with a diffuse infiltrative pattern extending 
into different muscle groups, lymphoma 
should be included in the differential diagno-
sis. There are in general no signs of necrosis 
or hemorrhage before treatment.

A soft tissue mass wrapped around the 
bone is especially suspected for extranodal 
primary soft tissue lymphoma.

Determining the local extent requires MRI, 
and distant spread may be studied by CT of 
the abdomen and thorax, MRI of the brain and 
skeletal scintigraphy and/or PET-CT scan, and 
blood tests.

For primary nodal and primary extranodal 
involvement, PET-CT is preferred for staging 
of FDG-avid lymphomas, and CT scan is pre-
ferred in all other scenarios.

Contrast-enhanced CT is preferred for 
radiation therapy planning. Variably FDG-
avid histologies should be staged with a CT 
scan.
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23.1  Introduction

Soft tissue metastases are uncommon and can eas-
ily be clinically and histopathologically confused 
with primary soft tissue sarcomas. The differen-
tial diagnosis between soft tissue metastasis and a 
primary soft tissue sarcoma is however relevant, 
because their treatment is markedly different.

Although soft tissue metastasis can represent 
the first manifestation of a primary malignancy, it 
is usually seen as late evidence of recurrence in 
advanced cancer [6, 14, 48].

There are several case reports on the subject, 
but only few large case series. Therefore, no defi-
nite guidelines about the management of patients 
with soft tissue metastases (STM) are currently 
available [24].

23.2  Epidemiology

23.2.1  Prevalence

The first description of a soft tissue metastasis 
was provided by Wittich in 1854 [30]. The preva-
lence of STM varies in autopsy series from 6 to 
17.5 % [7, 23, 42, 45] and in radiological series 
from 1.2 to 1.8 % [8, 45]. This inconsistency 
between autopsy and clinical studies may be due 
to the fact that soft tissue metastases are usually 
asymptomatic and therefore undetected clinically 
and radiologically [45].
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23.2.2  Primary Tumors

The lung, skin, kidney, and colon are the most 
common sites of primary carcinomas resulting in 
clinically recognized soft tissue metastases [6, 13, 
32]. Other primary tumors known to metastasize 
to bone, such as the prostate, breast, and thyroid, 
are very unusual sources of reported soft tissue 
metastases [11, 34, 37, 50]. The most common 
histological diagnosis overall is that of adenocar-
cinoma, most frequently from the lung or gastro-
intestinal tract. Squamous cell carcinomas and 
renal clear-cell carcinomas are also relatively 
common, but many histological types have been 
reported. In addition to squamous-cell carcino-
mas of the lung, other squamous-cell carcinomas 
from the hypopharynx, esophagus, and cervix 
may metastasize to the soft tissues. Rarely, 
myeloma, lymphoma, melanoma, astrocytoma, 
chondroblastoma, and primary sarcoma have 
been reported to metastasize to the soft tissue [6].

23.2.3  Site of Involvement

The thigh muscles, iliopsoas, and paraspinous 
muscles are the most frequently affected sites [26]. 
Skeletal muscle metastases are nearly four times 
more frequent than subcutaneous ones. One plau-
sible explanation is that subcutaneous metastases 
are less likely to cause pain and therefore to come 
to clinical attention than skeletal metastases [6].

23.2.4  Time Interval

Four articles mentioned [9, 13, 26, 48] the time 
interval between primary tumor detection and 
metastasis which was extremely variable (3 to 60 
months, 5 months to 9 years, 1 month to 38 years, 
and 8 months to 15 years). In 27 to 47 % of cases, 
soft tissue metastasis was the first clinical mani-
festation of malignancy [9, 26, 29, 48].

23.3  Pathophysiological 
Mechanisms

Several pathophysiological mechanisms of soft 
tissue metastatic spread have been highlighted in 
the literature. The hematogeneous route is the 

most favored pathway. The presence of tumoral 
arterial emboli confirms this hypothesis [23]. 
Malignant tumors can metastasize into soft tissue 
via venous route, especially through the paraver-
tebral venous plexus, which have multiple con-
nections with the inferior vena cava and the 
mesenterial venous system [2]. Some reports 
suggest that muscle metastases can originate in 
intramuscular aberrant lymph nodes, especially 
for psoas muscle metastases, which may arise in 
the psoas lymph nodes located between the mus-
culature and the spine [47, 53]. Furthermore, soft 
tissue metastasis may result from perineural 
spread. According to the literature, this pathway 
is typical of tumor extension in lymphoma [43]. 
However, it has also been described in several 
solid malignancies, especially in head and neck 
tumors [3, 4].

23.3.1  Factors Causing Muscle 
Resistance to Metastases

Although muscles represent 50 % of the body 
mass, hematogenous metastases are rare [6, 9, 29]. 
Several factors have been implicated in the rarity 
of this phenomenon such as mechanical destruc-
tion of tumor cells by muscle movements, turbu-
lence and variations in blood flow (common 
metastatic sites such as the liver, lung, and bone 
have relatively constant blood flow), changes in 
pH and local temperature [9, 41], and inhibition of 
enzyme-dependent processes of invasion or tumor 
growth by lactic acid, diffusible protease, and dif-
ferent oxygen tension in the muscles [39, 46]

23.4  Clinical Features

The most frequent symptoms are pain and palpa-
ble mass [28]. Other symptoms consist of swell-
ing and cutaneous erythema, painless soft tissue 
lump, and solitary metastasis incidentally found 
during staging CT [24, 45]. Clinical features of 
soft tissue metastasis may mimic a primary soft 
tissue sarcoma. However, a painful mass is 
more commonly observed in patients with soft 
tissue metastasis than in primary sarcomas. The 
lesion size usually ranges between 1 and 20 cm 
(6 cm) [27].
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23.5  Imaging Diagnosis

Diagnostic studies of soft tissue metastases are 
not specific.

23.5.1  Radiographs

Radiographs may show soft tissue opacity [6]. 
In some cases, calcifications within the soft tis-
sue masses can be recognized especially in pan-
creatic and gastric carcinoma metastases [19, 
33, 42]. Ossifications have been reported in 
abdominal wall and psoas muscle metastases of 
colonic carcinomas, especially mucinous carci-
nomas [40].

23.5.2  Ultrasound

Superficial soft tissue masses are particularly ame-
nable to high-resolution ultrasound examination. 

The merits of US include its ability to distinguish 
between a solid and cystic mass and to determine 
the size and location of the mass [12].

In most cases, metastases appear as well- 
circumscribed hypoechoic and hypervascularized 
masses (Figs. 24.1, 24.2, and 24.5) [21].

Sonographic guidance provides a safe, rapid, 
and accurate method for localizing superficial 
soft tissue masses suggestive of metastatic dis-
ease and then guiding needle biopsies to acquire 
cytologic material for a definitive diagnosis [1].

23.5.3  CT

CT is not an ideal method for characterization of 
soft tissue metastases. Furthermore, soft tissue 
metastases cannot be reliably distinguished from 
the primary soft tissue sarcoma [51].

CT appearance of soft tissue metastases is 
widely variable: “abscess-like” lesion with rim 
enhancement and central hypo-attenuation, focal 

a b

c

Fig. 24.1 Intramuscular metastases. (a) Gray-scale and 
(b) color Doppler 12–5 MHz US images in patient with 
previously diagnosed malignancy (lung adenocarcinoma): 
well-defined lobulated shape hypoechoic nodules located 

within the muscle. Color Doppler imaging shows a hyper-
vascular pattern. (c) Contrast-enhanced CT demonstrates 
an intramuscular (M. left erector spinae) lesion with cen-
tral low attenuation and rim enhancement (arrow)
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masses with homogeneous contrast enhance-
ment, diffuse metastatic infiltration manifested as 
soft tissue swelling and diffuse heterogeneous 
contrast enhancement, multifocal calcification, 
and intramuscular bleeding with muscle enlarge-
ment and area of high attenuation [45]. The most 
common appearance of soft tissue metastases on 
contrast-enhanced CT is that of a rim-enhancing 
mass with central hypo-attenuation (Figs. 24.1, 
24.2, 24.3, 24.4, and 24.5) [29].

CT may guide lesion biopsy and direct appro-
priate local radiation.

23.5.4  MRI

MR imaging is the preferred technique for mus-
cle and soft tissue assessment, even though MRI 
appearances of soft tissue metastasis are not spe-
cific [13, 52].

On MRI, soft tissue metastases are of low or 
intermediate signal intensity compared to normal 
muscle on T1-weighted sequences and high signal 
intensity on T2-weighted sequences [17, 22, 42].

However, high signal intensity of metastases 
on T1-weighted images has been also described, 
particularly in malignant melanoma metastases 
because they contain melanin and may often 
bleed [54]. High signal intensity has also been 
reported in metastases of renal cell carcinoma, 
but its cause is still unknown [20, 35].

After administration of contrast medium, most 
muscle metastases show marked heterogeneous 
enhancement related to tumor necrosis (Fig. 24.4). 
In addition, extensive peritumoral enhancement 
has been reported as one of the characteristic fea-
tures of IM [13, 48].

Edema of surrounding soft tissue is common 
[6]. Erosion of the adjacent bone might rarely be 
observed on MRI [17].

a b

Fig. 24.2 Intramuscular metastasis from choroid mela-
noma. (a) Gray-scale US reveal a small solid homoge-
neously hypoechoic nodule with spiculated margins in the 
subcutaneous tissue of the abdominal wall. (b) Axial 

contrast-enhanced helical CT image shows enhancing 
lesion in right external and internal oblique muscles 
(arrow) and a left psoas extension of a vertebral 
metastasis

Fig. 24.3 17-year-old woman with osteosarcoma. Contrast-enhanced abdominal CT scan shows enhancing lesion in 
right external and internal oblique muscles with multifocal calcifications (arrows)
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Diffusion-weighted imaging (DWI) is consid-
ered as a useful method in the assessment of tumor 
cellularity in soft tissue sarcomas and can be used 
as a noninvasive tool to monitor  treatment responses 
[36, 49]. In soft tissue metastases, Surov described 
low or moderate ADC values and moderate to high 
signal intensity on diffusion images [44].

23.5.5  Radionuclide Imaging

Technetium-99 m-labeled nuclear scan can 
show increased uptake within the soft tissue 
mass [48]. 18F-FDG PET/CT was demonstrated 
to have a higher sensitivity compared with MRI 
in detecting soft tissue metastases [10 31]. 
However, there were false positives in few 
cases, which should be taken into consider-
ation. PET/CT, which performs anatomical and 

metabolic assessment, is very sensitive in the 
detection of soft tissue metastases and provides 
more information for clinical tumor staging. 
Compared to CT, PET is more sensitive because 
it detects soft tissue lesions before the density 
and morphology of the soft tissues are altered, 
providing a clear view of highly metabolic nod-
ules within the soft tissue. 18F-FDG PET/CT 
imaging may reveal the primary tumors of the 
soft tissue metastases, which is helpful for dif-
ferential diagnosis.

23.6  Biopsy

After appropriate imaging, early percutaneous 
biopsy is recommended. It is advocated to biopsy 
in case of solitary or late metastases and in case 

*
a b

c

Fig. 24.4 Skeletal muscle metastasis in patient with 
caecal mucinous adenocarcinoma (asterisk). (a) 
Contrast-enhanced CT demonstrates intramuscular 
lesion with central low attenuation and rim enhancement 
(arrow). (b) Axial fat- suppressed (FS) T1-weighted gad-

olinium-enhanced image shows well enhancing mass in 
left psoas including central necrosis. (c) Two months 
later, nonenhanced CT shows enlargement of the left 
psoas muscle with multifocal calcifications
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of unknown primary tumor. Biopsy is not recom-
mended in case of a disseminated disease.

23.7  Differential Diagnosis

Several benign tumors and soft tissue sarcoma can-
not be differentiated radiologically from metasta-
ses [5, 16, 28]. Psoas involvement by metastatic 
disease is frequently confused with psoas abscess 
or hematoma, both clinically and radiographically. 
Therefore, confirmation of soft tissue metastases 
can only be established by histopathology.

Calcification within soft tissue metastases has 
been confused with myositis ossificans [6]. In 
addition, ischiogluteal bursitis, which occurs fre-

quently in patients with cancer, can also mimic 
muscle metastasis [18].

23.8  Prognosis

The presence of soft tissue metastasis influences 
the primary tumor treatment. Reported studies 
show that the survival of patients with soft tissue 
metastases ranges from less than 9 months to not 
more than 3 years after soft tissue metastases 
diagnosis, although survival up to 5 years has 
been reported in some cases [24]. The presence 
of a skin metastasis in a lung cancer patient indi-
cates a poor prognosis, with a median survival of 
2–4 months [10, 25, 38].

a

d

b

c

Fig. 24.5 Intramuscular metastases. (a) US image in 
patient with previously diagnosed osteosarcoma: well- 
defined hypoechoic mass with multifocal hyperechoic 
areas located within the vastus intermedius. (b) 
Nonenhanced and (c) contrast-enhanced CT demonstrates 

an intramuscular (vastus intermedius) lesion with multifo-
cal calcifications and homogeneous contrast enhance-
ment. (d) Contrast-enhanced CT at a lower level shows a 
subcutaneous round mass with homogeneous contrast 
enhancement
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23.9  Treatment

The treatment of soft tissue metastases depends 
on their localization and clinical presentation 
as well as on the prognosis related to the 
 primary tumor. Therapeutic options include 
observation, radiotherapy, chemotherapy, and 
surgery. For painful masses in the context of a 
widespread metastatic disease, radiotherapy, 
chemotherapy, or both may be indicated based 
on the primary tumor, the organ involved, the 
extent of involvement, symptoms attributable 
to the various sites, the patient’s age, and 
health status [6].

 Conclusion

Radiologists should know various imaging 
and clinical findings of soft tissue metastases 
and suspect it in cases of painful and multiple 
masses. The diagnosis is based on imaging 
techniques, especially MRI, CT, and 18F-FDG 
PET/CT. However, the confirmation of diag-
nosis is based on the histological examination 
if necessary.
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24.1  Introduction

Although chondrogenic tumors are usually 
located within the bone, chondro-osseous soft tis-
sue lesions may occur and are included as a sepa-
rate chapter in the current WHO classification 
(2013) (see also Chap. 11). Myositis ossificans is 
regarded as a (myo)fibroblastic lesion (Chap. 
13), and extraskeletal myxoid chondrosarcoma 
(EMC) is a misnomer as it represents a tumor of 
uncertain differentiation, since it shows little his-
tological evidence of cartilaginous differentiation 
(see also Chap. 18).

Extraskeletal osteosarcoma, soft tissue osteo-
sarcoma, shows the similar histologic features of 
bone osteosarcoma without systematic genetic 
differences [8].

Gastrointestinal stromal tumor (GIST) is the 
most common primary mesenchymal tumor of 
the gastrointestinal tract. As GISTs present most 
often with abdominal symptoms and detected by 
ultrasound or CT scans of the abdomen, these 
lesions are usually not considered as musculo-
skeletal tumors as such. However, they have been 
included in the WHO revision of 2013 [8], and 
therefore GIST will be discussed shortly in this 
chapter on miscellaneous soft tissue lesions.
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24.2  Chondro-osseous Soft Tissue 
Tumors

24.2.1  Benign Chondro-osseous Soft 
Tissue Tumors

24.2.1.1  Soft Tissue Chondroma
Definition The term extraskeletal chondroma 
refers to small, well-defined nodules that are 
composed of at least focal areas of cartilage and 
do not have any connection with bone, perios-
teum nor intra-articular synovium. Two-thirds 
of the lesions contain mature, viable cartilage, 
whereas immature chondroblasts are observed 
in the other one-third of cases [17]. The great-
est diameter of the lesion seldom exceeds 3 cm 
[6]. Most chondromas are ovoid or have a lobu-
lar appearance and are sharply delineated. 
Some of these lesions undergo focal fibrous 
changes, ossification, or myxoid changes, pos-
sibly combined with focal hemorrhage or gran-
uloma formation. Calcifications occur in 
33–70 % of cases.

Incidence and Clinical Behavior Extraskeletal 
chondromas are rare, representing approxi-
mately 1.5 % of all benign soft tissue tumors 
[16]. The majority afflict the distal extremities 
[16]. Preferential sites of involvement are the 
digits, hands, and feet (Fig. 24.1) [4, 16]. The 
trunk, head and neck region, and skin are less 
commonly involved [4, 13, 27]. Location in the 
bladder is exceptional [3]. Repeated micro-
trauma has been incriminated in the pathogene-
sis, which may explain the relative high incidence 
of soft tissue chondroma in the hands and fingers 
[16]. They are most commonly encountered 
between 30 and 60 years of age [4]. They usually 
present as painless solitary slowly enlarging soft 
tissue masses. On palpation the chondroma is 
usually firm and mobile. Simple excision is the 
treatment of choice. Local recurrence is seen in 
15–20 % [4, 17], but there is no malignant trans-
formation [4]. Para-articular (osteo)chondromas 
consist of a special type of extraskeletal carti-
laginous chondroma that is most frequently seen 
in Hoffa’s fat pad of the knee (Fig. 24.2), but 
cases in the elbows, hips, and ankles have also 

been reported [9, 14, 19, 32]. The tumors arise 
from the capsule or the para-articular connective 
tissue of a large joint (mainly the knee) and are 
due to cartilaginous metaplasia [9]. The termi-
nology to designate this para-articular lesion is 
confusing, and similar lesions have previously 
been reported as capsular osteochondroma, 
extraskeletal osteochondroma, ossifying chon-
droma, para-articular chondroma, giant extrasy-
novial intra-articular osteochondroma, and 
Hoffa’s disease [19, 32].

Fig. 24.1 (a, b) Extraskeletal chondroma of the foot in a 
37-year-old man: (a) plain radiograph; (b) CT. Soft tissue 
mass with multiple punctate and ringlike calcifications 
between the second and third toes (a). Calcifications are 
better demonstrated on CT (b). Localization in the fore-
foot and presence of characteristic calcifications are sug-
gestive of extraskeletal chondroma
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Imaging On plain radiography and CT, an 
extraskeletal chondroma presents as a well- 
demarcated soft tissue mass. Calcifications are 
observed in 33–77 % of cases [6, 16, 33]. The 
pattern of calcification is most typically that of 
curvilinear, ringlike densities, outlining the soft 
tissue lobules. Less commonly, these calcifica-
tions may also be punctate or mixed punctate and 
curvilinear or rim-like [16, 33] (Figs. 24.1 and 
24.2). Ossification is less common [16]. In long-
standing cases, the tumor can cause cortical pres-
sure erosion and reactive cortical sclerosis on an 
adjacent bone [6, 16, 33].

On MRI, soft tissue chondromas appear on 
T1-weighted images as well-circumscribed 
masses that are isointense relative to skeletal 
muscle. On T2-weighted images the hyaline 
cartilage typically presents with very high sig-
nal intensity (Fig. 24.3). Mineralized areas 
cause foci of signal void on all sequences [16]. 
Diagnosis of chondromas without foci of calci-
fication is more difficult, and these lesions 
have to be differentiated from other soft tissue 
masses, especially those of synovial origin. 
After intravenous injection of gadolinium the 
majority of chondromas exhibit marked and 
mostly peripheral contrast enhancement 
(Figs. 24.3 and 24.4).

24.2.1.2  Synovial 
Osteochondromatosis

Definition Synovial osteochondromatosis (SC) 
is characterized by the formation of numerous 
metaplastic cartilaginous or osteocartilaginous 
nodules of small size, within the joint (Figs. 24.5, 
24.6 and 24.7), tendon sheath (Fig. 24.8) [6, 20, 
28], or bursa [18]. Although the lesion has an inti-
mate relationship with the synovium, it is cur-
rently classified as a neoplastic lesion of bone 
rather than soft tissue according to the WHO 
Classification of Tumours of Soft Tissue and 
Bone [8].

Two forms of SC are described in the litera-
ture. Primary SC is defined by subsynovial carti-
lage metaplasia, synovial hyperplasia, and 
production of similar-sized round cartilaginous 
nodules. The secondary form occurs as part of a 
preexisting joint disease, such as degenerative 
joint disease, arthritis, or trauma. In the second-
ary form, formation of nodules in the joint space 
is caused by the dislodgement of bony or carti-
laginous tissue. These loose bodies undergo con-
centric layering of synovial cells, by which 
nourishment is provided. These nodules are more 
irregular and are often larger and of heteroge-
neous size compared to nodules of primary form 
[20]. Milgram proposed the following staging 

Fig. 24.2 (a, b) Extraskeletal chondroma below the right 
patella in a 54-year-old woman: (a) plain radiograph; (b) 
CT at the level of the proximal tibia; plain radiograph and 

CT show a pronounced, dense calcification at the periph-
ery of the mass (a, b)
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system [18]. In the initial stage, there is active 
synovial disease without loose bodies. The tran-
sitional stage is characterized by persistent syno-
vial disease and formation of loose bodies, 
whereas in the third stage, detached intra-articu-
lar nodules varying from 1 mm to 10 mm are 
present, with burned- out intrasynovial disease. 
The nodules often detach and form loose bodies 
in the joint space. Approximately two-thirds of 
them calcify or ossify.

Rarely, the nodules are extra-articular. 
Chondrosarcoma arising in synovial chondro-
matosis has been reported but is uncommon 
[15].

Incidence and Clinical Behavior Synovial 
osteochondromatosis commonly occurs in large 
joints, such as the hip (Figs. 24.5 and 24.6), knee, 

shoulder, ankle, or elbow (Fig. 24.7) [20], but 
small joints such as the metacarpophalangeal, 
interphalangeal, distal radioulnar, acromiocla-
vicular, proximal tibiofibular joint, apophyseal 
joints, and temporomandibular joint may be 
involved as well [10, 20]. The clinical history is 
often characterized by joint pain of several years’ 
duration.

Imaging Plain radiography and CT easily dem-
onstrate the calcified or ossified nodules of chon-
dromatosis (Figs. 24.5 and 24.7). Nonmineralized 
nodules are seen on (CT or MR) arthrograms as 
filling defects outlined by contrast material. Bone 
scintigraphy shows an uptake of tracer within the 
nodules [20].

Ultrasound may show a heterogeneous mass 
containing foci of hyperechogenicity, in  keeping 

Fig. 24.3 (a–d) Soft tissue chondroma of the finger in a 
young woman: (a) coronal spin-echo T1-weighted MR 
image; (b) coronal spin-echo T2-weighted MR image; (c) 
transverse spin-echo T1-weighted MR image; (d) trans-
verse spin-echo T1-weighted MR image after gadolinium 
contrast injection (same level as in c). Lobulated soft tis-
sue mass near the radial aspect of the proximal third of the 
basic phalanx of the fourth finger. On T1-weighted image 

the mass presents with homogeneous low intensity (a, c). 
T2-weighted image reveals very high signal intensity of 
the matrix of the lesion, with internal low-intensity linear 
structures, corresponding to septations separating the car-
tilaginous lobules (b). Gadolinium-enhanced T1-weighted 
images show pronounced ringlike enhancement at the 
periphery of the lesion (d)
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Fig. 24.4 (a–c) Extraskeletal osteochondroma at the 
popliteal fossa: (a) sagittal spin-echo T1-weighted MR 
image with fat suppression; (b) sagittal spin-echo 
T1-weighted MR image with fat suppression after gado-
linium contrast injection; (c) axial spin-echo T2-weighted 
MR image with fat suppression. Rounded soft tissue mass 
at the popliteal fossa. The central region of signal void 

corresponds to extensive calcification, as observed in 
extraskeletal osteochondroma. The periphery of the lesion 
is slightly hyperintense to muscle and fat on fat-sup-
pressed T1-weighted images (a), markedly hyperintense 
on fat-suppressed T2-weighted images (c), and shows 
pronounced enhancement following gadolinium contrast 
injection (b)

with chondral fragments or fronds of the 
synovium with underlying cartilage nodule for-
mation. Posterior acoustic shadowing is seen in 
case of sufficient mineralization or enchondral 
bone formation (Fig. 24.7). Depending on the 
site involved, fragments may change in position 
during dynamic US examination [20]. Power 
Doppler sonography has been reported to reveal 
an avascular process [23].

MRI findings are an increased amount of joint 
fluid and intra-articular nodules (Fig. 24.6). In 

the early stage, nonspecific synovitis may be 
seen. Uncalcified osteochondromas are isoin-
tense relative to muscle on T1-weighted images 
and hypointense relative to synovial fluid. 
Calcified lesions, occurring in up to 77 % of 
cases, are seen as small, round signal voids. 
Ossified nodules may demonstrate signal intensi-
ties of fatty bone marrow. In joints that have a 
very tense capsule, such as the hip joint, synovial 
chondromatosis can cause erosions of the bone 
[20] (Fig. 24.6).
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24.2.2  Malignant Chondro-osseous 
Soft Tissue Tumors

24.2.2.1  Mesenchymal 
Chondrosarcoma

Definition Mesenchymal chondrosarcoma (MCS) 
is a biphasic, high-grade malignant neoplasm [4, 
11] that presents on macroscopy as a multilobu-
lated mass of variable size. On cross section, the 
tumor shows a mixture of gray-white tissue and 
foci of the cartilage and bone. On microscopy the 
tumor exhibits a proliferation of primitive round 
cells and interspersed small islands of well-differ-
entiated hyaline cartilage [30].

Incidence and Clinical Behavior Extraskeletal 
mesenchymal chondrosarcoma occurs less fre-
quently than the myxoid variant. However, 
30–50 % or half of all mesenchymal chondrosar-
comas are extraskeletal in location, whereas the 
others are intraosseous [30]. There is a slight 
female predominance. A bimodal age distribu-
tion is noted and related to anatomic location. 
When occurring in the third decade of life, tumors 

are located mainly in the head or neck, often in 
the brain, meninges, and periorbital regions. 
Tumors arising in the fifth decade of life afflict 
preferentially the soft tissues (thigh) [30]. The 
mesenchymal chondrosarcoma has an aggressive 
behavior and frequently metastasizes to lungs, 
lymph nodes, and bones. The prognoses are vari-
able, with a 10-year survival rate of nearly 27.3 % 
[4, 30].

Imaging Calcifications within the tumor are 
common and well demonstrated by plain radiog-
raphy and CT (Figs. 24.9 and 24.10). The degree 
and type of calcification are variable and range 
from ring and arcs, flocculent or stippled calcifi-
cation, to dense mineralization [4]. In rare cases, 
the tumor involves underlying bone [11].

On MRI, extraskeletal mesenchymal chon-
drosarcoma presents as a lobulated soft tissue 
mass, but further imaging appearance may be 
nonspecific. Signal intensity of the tumor equals 
that of muscle on T1-weighted images and is 
intermediate to high on T2-weighted images 
[11]. Following administration of gadolinium 

a b

Fig. 24.5 (a–b) Primary (a) and secondary (b) synovial 
chondromatosis of the hip in two different patients: (a) 
plain radiograph of the right hip in a 36-year-old woman. 
Notice the presence of rice grain-like ossified nodules in 
the right hip joint. In primary synovial chondromatosis, 
the joint space is normal or can be even enlarged. 
Furthermore, the nodules are typically small and of uni-
form size in the primary form, whereas they are often 

larger and of heterogeneous size in the secondary form. 
(b) Plain radiograph of the left hip in a 41-year-old woman 
with a previous history of an acetabular fracture due to a 
motor vehicle accident. There are multiple ossified nod-
ules in the left hip joint. Note marked protrusion of the 
acetabulum and central cartilage loss, in keeping with sec-
ondary posttraumatic synovial chondromatosis
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contrast, inhomogeneous enhancement is 
observed, especially at the periphery (Fig. 24.11). 
Areas of calcifications may be of low signal 
intensity [11].

24.2.2.2  Extraskeletal Osteosarcoma
Definition Extraskeletal osteosarcoma is a 
malignant mesenchymal neoplasm that secrete 
bone matrix, which may mineralize. 
Chondroblastic and fibroblastic components may 
occur as well [8]. The neoplasm is located in the 

deep soft tissues with less than 10 % originating 
in the dermis or subcutis. A distinction is made 
between various subtypes, depending on the rela-
tive amounts of tissue constituents including osteo-
blastic, chondroblastic, fibroblastic, telangiectatic 
types, small cell variant, and well- differentiated 
types [8].

Incidence and Clinical Behavior Soft tissue 
osteosarcoma is rare and accounts for approxi-
mately 1 % of all soft tissue sarcomas and nearly 

a b

c d

Fig. 24.6 (a–d) Intra-articular synovial chondromatosis 
of the right hip joint in a 55-year-old woman: (a) coronal 
FS T2-WI of the pelvis shows joint effusion within the 
right hip and multiple hypointense intra-articular nodules. 
Note erosion at the lateral aspect of the right femoral neck 

(black arrow), (b–d) oblique coronal, axial, and sagittal 
MR arthrograms of the right hip confirming multiple 
intra-articular nodules, and an erosion at the lateral aspect 
of the right femoral neck (arrows in b and c)
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a b

Fig. 24.7 (a, b) Synovial chondromatosis of the elbow in 
a 21-year-old male: (a) plain radiograph (lateral view) 
showing two ossified nodules at the ventral aspect of the 

elbow joint (arrowheads). (b) Longitudinal ultrasound 
shows joint effusion and intra-articular loose bodies with 
retro-acoustic shadowing (arrows)

a b

Fig. 24.8 (a, b) Tenosynovial chondromatosis of the finger 
in a 45-year-old male: (a) Plain radiograph (lateral view) 
showing calcified nodules at the flexor side of the proximal 
and middle phalanx of the finger. Note scalloping due to 
pressure erosion of the palmar cortex of the proximal and 

middle phalanx (black arrowhead). (b) On sagittal T2-WI, 
the lesions are of mixed signal. Area of low signal corre-
sponds to calcifications, whereas high signal areas are due to 
hyaline cartilage. Note also scalloping of the palmar cortex 
of the proximal and middle phalanx (black arrowheads)
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4 % of all osteosarcomas [24]. The tumor afflicts 
adults, with mean age of 50 years at presenta-
tion, which is in contrast to its intraosseous 
counterpart, which is most common in the first 
two decades of life [16]. More than half of the 
tumors occur in the lower extremity, in approxi-
mately 50 % of cases in the thigh. Other com-
mon locations are the upper extremity, trunk, 
and retroperitoneum [8]. A history of irradiation 

is found in 4–13 % [2]. Some patients have a his-
tory of trauma, but the causal relationship with 
trauma is unclear [8]. The tumor typically pres-
ents as a slowly growing soft tissue mass, caus-
ing pain and tenderness in 25–50 % of cases. 
Development of local recurrences following sur-
gery and metastatic spread to lungs and lymph 
nodes are common. Nearly 75 % of patients die 
of the tumor within 5 years. Tumors less than 
5 cm in diameter and negative margins at resec-
tion have a relatively better prognosis [5, 8].

Imaging Calcifications within the tumor are 
observed on plain radiography and CT in about 
half of all cases [26]. Their appearance depends 
on the amount of mineralization. Most com-
monly the calcifications appear as a cloudlike 
density and predominantly located in the center 
of the lesion, in contrast to myositis ossificans 
[12, 22, 29]. Adjacent bone may be secondarily 
involved [8].

On T1-weighted MR images, the extraskeletal 
osteosarcoma presents as a well-defined mass with 
mixed low signal intensity [31] (Fig. 24.12). 
Tumors in which calcification or osteoid material is 
not discernible on plain radiography may be hyper-
intense to muscle on T1-weighted images [31]. 
Mixed but predominantly high signal intensity is 
observed on T2-weighted images (Fig. 24.12). 
Areas of high signal intensity on both T1- and 
T2-weighted images are consistent with hemor-
rhage within the tumor. In some tumors large cystic 
or necrotic components have been demonstrated 
[12, 31]. Calcifications present as signal voids on 
all sequences.

24.2.3  Gastrointestinal Stromal 
Tumors

Definition
Gastrointestinal stromal tumors (GISTs) are sub-
mucosal tumors thought to be derived from plu-
ripotent mesenchymal cells in the gastrointestinal 
tract surrounding the myenteric plexus or the inter-
stitial cells of Cajal (ICC). There are two distinct 
types of interstitial cells of Cajal: the myenteric 
type and the intramuscular type. The myenteric 

Fig. 24.9 (a, b) Extraskeletal mesenchymal chondrosar-
coma of the right axilla in a 50-year-old man: (a) plain 
radiograph; (b) CT. Ill-defined mass with coarse intrale-
sional calcifications located in the subscapular region (a, 
b). Calcifications are commonly seen in the mesenchymal 
type of extraskeletal chondrosarcoma
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a b

Fig. 24.10 (a, b) Extraskeletal mesenchymal chondro-
sarcoma of the buttock in a 32-year-old man: (a) plain 
radiograph; (b) CT; large calcified mass superior to the 
trochanter major (a). CT reveals a soft tissue component 

medially and the calcified component laterally within the 
mass (b). Findings on plain radiography and CT are indic-
ative of a lesion of cartilaginous origin

a b

c d

Fig. 24.11 (a–d) Extraskeletal chondrosarcoma of the 
left pectoralis minor in 63-year-old female: (a) axial 
T2-weighted HASTE MR image; (b) axial FS T1-WI. (c) 
Axial and (d) sagittal FS T1-WI following administration 
of gadolinium contrast. T2-WI reveal the lobulated shape 

of the lesion with the cartilaginous lobules being mark-
edly hyperintense contrasting with intralesional low- 
intensity septa. The lesion is isointense with muscle on 
T1-WI (b). Following administration of gadolinium, pro-
nounced peripheral enhancement is observed (c, d)
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type serves as a pacemaker for the contraction of 
smooth muscle cells, generating spontaneous elec-
trical slow waves that will ultimately induce peri-
stalsis. The intramuscular type plays a role in the 
stimulation of smooth muscle cells. They form a 
network, necessary for the propagation of the slow 
waves. The interstitial cells of Cajal are derived 
from mesoderm. They are named after a Spanish 

pathologist and Nobel Prize laureate Santiago 
Ramón y Cajal.

Incidence and Clinical Behavior
GISTs are the most common mesenchymal tumors 
in the gastrointestinal tract and can occur any-
where, from the esophagus to the anus. 40–60 % 
occur in the stomach; the second most common 

Fig. 24.12 (a–d) Extraskeletal osteosarcoma of the thigh 
in a 48-year-old male (reproduced from Vanhoenacker 
et al. [26], with permission): an axial spin-echo 
T1-weighted MR image; (b) axial fast spin-echo 
T2-weighted MR image; (c, d) axial (c) and coronal (d) 
spin-echo T1-weighted MR images with fat suppression 
after gadolinium contrast injection. Ovoid soft tissue 
mass, deeply located within the muscle compartment 

adjacent to the bony structures. The mass remains unat-
tached to the underlying bone. Patchy areas of signal void 
within the center of the lesion on all sequences, consistent 
with osteoid tissue. The tumor itself appears discretely 
hyperintense to muscle on T1-weighted images (a), 
hyperintense on T2-weighted images (b). Following con-
trast injection marked enhancement is observed through-
out the lesion (c, d)
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site is the small bowel. The annual incidence is 
reported to be around 11–14 per million per year, 
although subclinical GISTs are thought to be more 
common.

In adults, there is no gender predilection. 
GISTs are most commonly seen in middle-
aged persons and are very rare under the age of 
40. However, with certain syndromes, such as 
the Carney triad (combination of GIST, pulmo-
nary chondroma, and extra-adrenal paragan-
glioma) and Carney-Stratakis syndrome 
(consisting of hereditary GIST and paragan-
glioma), they can be seen in pediatric cases. In 
children, 85 % of GISTs are c-KIT negative 
and there is a female predilection. There is also 
an association between GISTs and neurofibro-
matosis type 1.

GISTs tend to present with specific symptoms 
such as early satiety and bloating, unless they 
ulcerate or bleed or become large enough to 
cause obstruction or pain. While small, they can 
be asymptomatic and discovered incidentally on 
imaging. In children, the most common presenta-
tion is chronic GI bleeding.

GISTs show a tendency toward metastasis to 
the liver and peritoneal cavity, rather than locore-
gional lymph nodes. They hardly ever metasta-
size to the lungs, as opposed to most soft tissue 
sarcomas [1, 25].

Histopathology
A clear distinction between GIST and leiomy-
oma or sarcoma cannot be made with light 
 microscopy alone, and additional immunohisto-
chemical or molecular analysis is required. 
About 95 % of GIST show overactivation of KIT 
(CD117), a growth receptor with tyrosine kinase 
activity, which is not expressed by the other 
spindle cell- derived tumors of the GI tract such 
as leiomyoma or sarcoma. Some KIT-negative 
GISTs exhibit activating mutations in another 
receptor gene with tyrosine kinase activity, the 
PD-GFRalfa. This is important to know for ther-
apeutic reasons. GISTs are divided into three 
categories: 70 % are of the spindle cell type, 
20 % are of the epitheloid type and 10 % are of 
mixed type.

Imaging Features
Although no longer the examination of choice, 
an upper GI barium swallow may show a mass 
protruding from the GI wall, with or without 
ulceration. Sensitivity and specificity however 
are (very) low.

Ultrasound can show a hypoechoic mass, but 
lacks sensitivity and specificity, as it is hampered 
by intraluminal air reflections in most of the gas-
trointestinal tract. Endoscopic ultrasound is bet-
ter at delineating a submucosal tumor accessible 
by endoscopy, but is not as performant to evalu-
ate extension in surrounding tissues.

Computed tomography (CT) is the imaging 
modality of choice for the evaluation of gastric 
and small bowel GISTs. In certain regions, such 
as the rectum or liver, MRI may be advantageous, 
but in general the spatial and temporal resolution 
of CT is more appropriate for the evaluation of 
small bowel. Intravenous contrast administration 
is necessary, with scanning in arterial and venous 
phases to document the hypervascular character 
(Fig. 24.13a–c), and additional oral contrast 
administration is preferred for its ability to better 
delineate the luminal side of the tumor. In gen-
eral, GISTs are solid, smoothly contoured sub-
mucosal masses that show exophytic growth and 
enhance brightly after intravenous contrast 
administration, except in larger masses where 
there might be areas of necrosis that cause a more 
heterogeneous appearance and can lead to ulcer-
ation (Fig. 24.14). CT is also the preferred modal-
ity to detect metastases in the liver or peritoneal 
cavity.

On magnetic resonance imaging (MRI), GISTs 
are usually isointense to muscle on T1-weighted 
images (WI) (Fig. 24.13e) and hypo- to isointense 
on T2-WI, except in areas of necrosis, where they 
also demonstrate a high signal on T2 (Fig 24.13d). 
The solid areas enhance after gadolinium adminis-
tration; the necrotic areas do not enhance 
(Fig. 24.13f). MRI has the advantage over CT of 
better tissue contrast, allowing better delineation 
of small intramural masses.

PET-CT is highly sensitive for the detection of 
GIST, but not specific (Fig. 24.13h, i). However, 
PET is better at predicting early response to tyro-
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615

Fig. 24.13 (a–i) Immunohistochemically proven GIST 
of the stomach in a 21-year-old female presenting with 
right upper quadrant abdominal discomfort and early sati-
ety. (a) Nonenhanced CT shows an isodense mass cen-
tered on the stomach wall (arrow) and suspicion of 
multiple masses in the liver. (b) In the arterial phase, the 
mass enhances heterogeneously (arrow), and the presence 
of multiple enhancing masses in the liver is confirmed. (c) 
In the venous phase, the mass becomes more homoge-
neous and appears to be sharply demarcated (arrow). The 
liver metastases are barely visible, stressing the need for 
arterial phase images in the workup and follow-up of 

GISTs. (d) On fat-saturated T2-weighted MRI, the mass 
is slightly hyperintense to muscle and shows an area with 
higher signal intensity in keeping with a more or less 
necrotic area (arrow). (e) The mass is isointense to muscle 
on fat-saturated T1-WI. (f) After administration of gado-
linium contrast, the mass progressively enhances (arrow), 
with exception of the area with high signal intensity on 
T2-WI. (g) Diffusion-weighted imaging shows diffusion 
restriction in all lesions. (h) PET-CT shows the primary 
tumor as well as the liver metastases to be avidly PET- 
positive. (i) Although rare, this patient has metastases to 
the lung, discovered on PET-CT

a b

c d

e f

g
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Fig. 24.13 (continued)
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Fig. 24.14 GIST of the small bowel in a 55-year-old 
male presenting with gastrointestinal bleeding and nega-
tive endoscopic survey of stomach and colon. Venous 
phase CT shows a large, sharply demarcated heteroge-
neously enhancing and partly necrotic tumor centered on 
the small bowel wall (arrow). Despite the large size of the 
primary tumor (>10 cm), no metastases were detected on 
further workup

Key Points

 1. The presence of central calcifications or 
ossifications within a soft tissue mass 
should suggest the possibility of an 
extraskeletal cartilaginous or osseous 
tumor. Plain radiography and/or CT 
remain very powerful tools in the preop-
erative characterization of these tumors.

 2. MRI is useful for the evaluation of 
early-stage osteochondromatosis, which 
is not yet calcified.

 3. GISTs are submucosal mesenchymal 
tumors involving the gastrointestinal 
tract from the esophagus to the anus.

sine kinase inhibitors (imatinib) than CT alone, 
with hypermetabolic foci indicating viable tumor, 
at primary site and in metastases. On CT, tumor 
response will usually be evident as tumor shrink-
age, but in certain cases, only a decline of the 
density of the lesion will be noticeable. Even in 
the presence of lesion growth, this lower density 
is still considered tumor response (necrosis). 
Special care should also be taken in diagnosing 
new lesions and thus declaring disease progres-
sion: some lesions will simply become more con-
spicuous after treatment and therefore detectable, 
instead of actually being new [7].

Treatment
There is no consensus on whether small GISTs 
(<2 cm) should be monitored or resected. 
Surveillance can be an option in gastric GIST 
with repeated endoscopic ultrasound assessment, 
but this is not an option in lesions that are not 
accessible with endoscopy.

For tumors ≥2 cm, surgery is the treatment of 
choice. Regional lymph node dissection is usu-
ally not necessary as node involvement is rare. 
Adjuvant therapy with imatinib is recommended 

for patients with a considerable risk of recur-
rence. Neoadjuvant treatment with imatinib can 
be given to reduce tumor size in borderline 
resectable tumors, facilitating surgical resection 
and organ preservation.

In metastatic disease, imatinib will be given 
after confirmation of the diagnosis by biopsy and 
determination of the tumor genotype. Second- 
line treatment with sunitinib can be considered 
when tumor progression occurs, after increasing 
the initial dose of imatinib [21, 34].

Prognosis
In general, the risk of recurrence depends on sev-
eral tumor characteristics, such as tumor size, 
mitotic rate, and site (with gastric GISTs usually 
yielding a lower recurrence risk than small bowel 
GISTs). Small GISTs (<2 cm) with low mitotic 
rates have virtually no risk of recurrence after 
complete resection. Another important factor 
influencing recurrence risk is the presence of 
tumor rupture during surgery. Finally, the geno-
type of the tumor also influences the tumor 
response to imatinib. Before the advent of ima-
tinib, survival rates were poor, with only 35 % 
5-year survival for the total patient population at 
presentation and almost half the patients present-
ing with metastatic disease. Survival has defi-
nitely improved with the availability of targeted 
therapy.
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25.1  Introduction

Pediatric soft tissue tumors are rare. About 5 % of 
soft tissue tumors arise in utero and in young 
children (0–5 years) and only 7 % in children 
between 6 and 15 years old [1, 2].

About 79 % of soft tissue tumors in children 
between 0 and 5 years old are benign, as are 70 % 
in those from 6 to 15 years [3].

Some tumors are more frequently encountered 
in the pediatric age group [4–25]. Most common 
malignant tumors in children between 0 and 5 
years are fibrosarcoma (36 % of malignant soft 
 tissue tumors in this age group), rhabdomyosar-
coma (21 %), giant cell fibroblastoma (7 %), 
 dermatofibrosarcoma protuberans (6 %), angio-
matoid malignant fibrous histiocytoma (5 %), and 
malignant peripheral nerve sheath tumor (5 %). 
In children between 6 and 15 years, the most 
common malignant tumors are angiomatoid 
fibrous histiocytoma (16 %), synovial sarcoma 
(13 %), rhabdomyosarcoma (11 %), fibrosarcoma 
(8 %), and malignant fibrous histiocytoma (7 %) 
[1, 2].

The Kiel Pediatric Tumor Registry (n = 4272 
soft tissue malignancies) found rhabdomyosar-
coma to be the most frequent sarcoma (44.6 %), 
followed by Ewing tumors (22.3 %), malignant 
peripheral nerve sheath tumors (8.1 %), synovial 
sarcomas (5.0 %), leiomyosarcomas (3.2 %), fibro-
sarcomas (2.4 %), extrarenal malignant rhabdoid 
tumors (2 %), and alveolar soft tissue  sarcomas 
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(1.1 %). A further group (11.3 %) includes rare 
tumors, intermediate fibrohistiocytic tumors, and 
unclassified sarcomas [15]. Embryonal rhabdo-
myosarcomas are 2.5 times more frequent than 
alveolar rhabdomyosarcomas, which are prognos-
tically unfavorable and located predominantly in 
the extremities and the trunk. With regard to clini-
cal findings, histology, molecular biology, and 
prognosis, embryonal and alveolar rhabdomyosar-
comas have to be considered as two different 
tumor types. The family of Ewing tumors includes 
extraosseous Ewing sarcoma and primitive neuro-
ectodermal tumors, the former tumors without and 
the latter with neural differentiation. Many cases 
of infantile malignant peripheral nerve sheath 
tumors and infantile fibrosarcomas are low-grade 
malignancies and are prognostically more favor-
able than in adults [26].

The most common benign masses in young 
children between birth and 5 years are 

 hemangioma (15 % of all benign tumors in this 
age group), fibromatosis (11 %), granuloma 
annulare (10 %), infantile myofibromatosis (8 %), 
and lipoblastoma (8 %). The most frequent 
benign tumors in older children (6–15 years) are 
fibrous histiocytoma (17 %), nodular fasciitis 
(16 %), hemangioma (13 %), and fibromatosis 
(5 %) [1, 2] (Table 25.1). Imaging findings of 
common pediatric soft tissue tumors are illus-
trated in Fig. 25.1, 25.2, 25.3, 25.4, 25.5, 25.6, 
and 25.7.

Location In children younger than 6 years of 
age, 60 % of benign and malignant lesions occur 
in the head and neck region, the lower extremity, 
or the trunk. In children of 6–15 years old, benign 
tumors often occur in the hand or wrist, the head 
and neck region, and the lower extremities [1, 2], 
whereas malignant soft tissue tumors are more 
common in the extremities or the trunk. Many of 
the primary sites of childhood rhabdomyosar-
coma, such as the orbit, bladder, prostate, and 
paratesticular region, are rarely primary sites of 
the non-rhabdomyosarcoma tumors in children 
and of other soft tissue sarcomas in adults [1, 2].

25.2  The Role of Imaging

Benign masses with characteristic clinical pre-
sentation may be recognized by experienced 
clinicians and may not require imaging. Most 
cutaneous or subcutaneous masses are small and 
often excised without imaging.

Children frequently have nonspecific symptoms 
and complaints are often initially neglected or diag-
nosis may be delayed. As children often have inju-
ries related to play, pain and soft tissue masses may 
be attributed to trauma. Therapeutic options and 
long-term survival of soft tissue tumors is strongly 
related to the disease stage at the time of diagnosis. 
This stresses the importance of performing timely 
and dedicated imaging studies.

Current methods of diagnosis such as dynamic 
contrast-enhanced MR imaging, PET scan, 
molecular biology, immunology, and cytogenet-
ics give additional insight into the biology of 
tumors and may help us in tailoring therapeutic 
strategies according to these biologic and imag-
ing characteristics.

Table 25.1 Preferential location of soft tissue tumors

Location Tumor

Neck Cystic 
hygroma – lymphangioma

Sternocleidomastoid 
muscle

Capillary hemangioma

Fibromatosis colli

Trunk Askin (PNET) tumor

Axilla Cystic 
hygroma-lymphangioma

Upper limb

Wrist Ganglion cyst

Wrist, volar aspect Fibrolipohamartoma of 
median nerve

Hand, volar aspect Fibrolipohamartoma of 
median nerve

Finger, dorsal aspect Digital fibroma

Lower limb

Thigh Fibrohamartoma of infancy

Knee Synovial hemangioma

Knee, tibiofibular joint Ganglion cyst

Ankle Ganglion cyst

Foot, extensor aspect Ganglion cyst

Upper and lower limbs Myositis ossificans

Hand and feet Calcifying aponeurotic 
fibroma

Joints, periarticular Synovial hemangioma

Cutis, subcutis Dermatofibrosarcoma 
protuberans
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Tables present the most common locations for 
tumors (Table 25.1), multiplicity (Table 25.2), dif-
ferent shapes associated with specific soft tissue 
tumors (Table 25.3), and specific MR features, 
including the presence of signal voids (Table 25.4) 
and fluid-fluid levels (Table 25.5) [4–25].

25.3  Imaging Modalities

25.3.1  Ultrasound

The value of ultrasound is limited. In a study  
by Brouns et al. [27] about the delay in diagnosis 
of soft tissue sarcoma, wrong diagnosis on 

 ultrasound was the most frequent reason for this 
delay.

Ultrasound demonstrates the shape, volume, 
borders and compressibility of small masses, and 
the relationships to adjacent structures and allows 
to differentiate solid from cystic lesions.

Dynamic US examination of a soft tissue mass 
(e.g., flexion or extension maneuvers) allows to 
evaluate the relationship of the lesion to the 
underlying fascia, muscles, or tendons. Deeper- 
seated tumors or larger tumors are more difficult 
to examine adequately because anatomic land-
marks are lacking and depth penetration is lim-
ited. To achieve deeper penetration and a wider 
field of view, transducers with lower frequency 

a b

c d

Fig. 25.1 Fibromatosis colli in 6-week-old boy. (a) 
Ultrasound shows a heteroechoic thickening of the central 
part of the sternocleidomastoid muscle. (b–d) Axial and 
sagittal T2-weighted MR images show a hypointense 

focal thickening (long arrows) of the right sternocleido-
mastoid muscle. The left sternocleidomastoid muscle 
(short arrow) is normal

25 Imaging of Soft Tissue Tumors in the Pediatric Patient
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(5 MHz) are useful but result in a lower spatial 
resolution.

However, since there are no pathognomonic ultra-
sound criteria for grading soft tissue tumors, ultra-
sound often does not allow to differentiate between 
benign and malignant soft tissue masses. The speci-
ficity of ultrasound is low, resulting in the inability to 
give an accurate tissue-related diagnosis.

Some soft tissue masses with a characteristic 
shape and/or echogenicity include neurogenic 
tumors (oval, hyporeflective masses often with 
posterior acoustic enhancement), lipomas (oval, 
mostly well-circumscribed, homogeneous 
masses), ganglion cysts (anechoic and rounded), 

hemangiomas (irregular, slightly hyperreflective 
lesions, often with echogenic phleboliths with 
posterior acoustic shadowing), and lymphangio-
mas (polylobular, poorly defined with cystic and 
solid components and septa) [28, 29].

Color Doppler helps quantify the degree of 
vascularization and analysis of flow patterns and 
is useful in diagnosing tumor vascularity (as what 
occurs in hemangiomas), evaluates response to 
chemotherapy, and guides biopsy [28].

Ultrasound may also be useful in detecting 
retained foreign bodies in patients with a pseudo-
tumoral inflammatory mass and in diagnosing a 
ganglion cyst, bursitis, or abscess.

a b

c

Fig. 25.2 Granuloma annulare in a 3-year-old girl. (a, b) 
Axial T1-weighted images show a subcutaneous soft 
 tissue lesion (arrows) enhancing after contrast administra-

tion. (c) Coronal fat-saturated (FS) T2-weighted MR 
image shows multiple ill-defined hyperintense lesions 
(arrows)
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a

c

b

Fig. 25.3 Fibrosarcoma in a 1-year-old girl. (a–b) Coronal T1- and T2-weighted MR images show a large soft tissue 
mass in the right axilla. (c) Axial CE FS T1-weighted image depicts intense homogeneous enhancement of the lesion

a b

Fig. 25.4 Synovial sarcoma in a 16-year-old-girl. Axial (a) FS T2-weighted and (b) CE FS T1-weighted MR images 
show a heterogeneous, partially enhancing mass in the soft tissues anterior of the shoulder
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b

c

a

Fig. 25.5 Infantile rhabdomyosarcoma in a 1-day-old 
girl. (a, b) Axial and sagittal FS T2-weighted images 
show multiple soft tissue lesions (arrows) with cystic and 

solid components anterior to the nose and in the subman-
dibular space. (c) Sagittal CE FS T1-weighted image 
shows enhancement of the solid components of the mass
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a b c

Fig. 25.6 Infantile hemangioma in a 4-year-old boy.  
(a, b) Sagittal and coronal FS T2-weighted images show a 
soft tissue mass with flow voids (arrows) due to the 

 presence of vessels with high flow. (c) Sagittal CE 
T1-weighted image shows intense homogeneous enhance-
ment of the mass

a b

Fig. 25.7 Infantile hemangioma in a 4-year-old boy. (a) Coronal FS T2-weighted image shows a soft tissue mass on 
the right side of the neck. (b) Axial CE T1-weighted image shows marked homogeneous enhancement of the mass

Table 25.2 Multiplicity

Venous malformation

Lipoma (5–8 %)

Neurofibroma

Dermatofibrosarcoma protuberans

Desmoid

Table 25.3 Shape

Fusiform (ovoid) Neurofibroma

Lipoma

Dumbbell Neurofibroma

Moniliform Neurofibroma

Round Cyst

Schwannoma

Serpiginous Hemangioma

Lymphangioma

Table 25.4 Intratumoral signal void

Flow Hemangioma (capillary)

Arteriovenous malformation

Calcification Hemangioma (phlebolith)

Lipoma (well differentiated 
and dedifferentiated)

Myositis ossificans  
(marginal)

Myofibromatosis

Table 25.5 Fluid-fluid levels

Hemangioma

Cystic lymphangioma

Synoviosarcoma

Hematoma
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25.3.2  Plain Film/CT

Plain films are of limited value in workup of a 
pediatric soft tissue mass. Involvement of adja-
cent osseous structures may be detected (e.g., 
in myofibromatosis, juvenile hyaline fibroma-
tosis, infantile fibrosarcoma, and angiomato-
sis). Associated bone alterations may be visible 
(e.g., macrodactyly in fibrolipohamartoma), 
and the presence and morphology of intrale-
sional calcifications (e.g., hemangiomas, myo-
fibromatosis) or ossifications may be evaluated 
and lead to a correct diagnosis. Plain films may 
also identify pseudotumoral lesions (e.g., myo-
sitis ossificans).

CT examination shows involvement of the 
adjacent bony structures more accurately than on 
plain films, and intralesional calcifications, fat, 
fluid, vessels, blood, and gas may be adequately 
recognized on CT. However, MR imaging is the 
first choice cross-sectional imaging technique for 
evaluation of soft tissue tumors.

25.3.3  MR Imaging

MR imaging is the key modality for imaging soft 
tissue tumors in children.

Fat-saturated (FS) T1- and T2-weighted 
sequences are typically obtained. Gadolinium- 
enhanced T1-weighted images help to define the 
local tumor extent, demonstrate intratumoral 
necrosis, and play a role in follow-up [30, 31]. 
Dynamic contrast-enhanced MR imaging is use-
ful for assessment of tumor vascularization and 
therapy follow-up [31].

25.4  Role of Imaging Tissue 
Characterization

Characterization of a tumor consists of both 
grading and the tissue-specific diagnosis [32].

Although histology is the gold standard, pre-
diction of a histological diagnosis remains one of 
the goals of imaging. If imaging studies could 
provide a specific diagnosis or a limited differen-
tial diagnosis, decisions on biopsy and treatment 
could be simplified.

MR tissue characterization is limited for two 
reasons. First of all, MR images provide indirect 
information about tumor histology by showing 
signal intensities related to some  physicochemical 
properties of tumor components (e.g., fat, blood, 
water, collagen) and, consequently, reflect gross 
morphology of the lesion rather than underlying 
histology. Soft tissue tumors belonging to the 
same histologic group may have a different com-
position or different proportions of tumor com-
ponents resulting in different MR signals; this 
feature is well exemplified by the group of lipo-
matous tumors. Only lipomas and well- 
differentiated liposarcomas are predominantly 
fatty, while lipoblastomas have less than 25 % fat.

The second difficulty in obtaining a tissue- 
specific diagnosis on soft tissue tumors on MR 
imaging is related to the time-dependent changes 
that occur during natural evolution or as a conse-
quence of therapy. Young fibrous tumors are 
highly cellular, with a high water content that 
results in high SI on T2-WI. As they become 
more collagenous and less cellular, a decrease in 
SI is seen which is more characteristic of fibrous 
tissue. Another example of time-related changes 
is the signal intensity of malignant tumors that 
undergo changes as a consequence of intratu-
moral necrosis or hemorrhage.

The highest confidence in characterization is 
seen in benign masses such as lipomas, hemangi-
omas, benign neurogenic tumors, periarticular 
cysts, hematomas, and abscesses. Laor and 
Burrows reported on the ability of MR imaging to 
differentiate between different subtypes of hem-
angiomas [17]. A mass lesion with MR signal in 
keeping with high flow most often corresponds to 
an infantile capillary hemangioma, whereas a 
high flow pattern without obvious mass represents 
an arteriovenous hemangioma. A mass lesion 
with slow flow MR signal corresponds to a venous 
hemangioma or a lymphangioma. Slow flow dif-
fusely enhancing lesions correspond to venous 
hemangiomas, whereas septal enhancement is 
seen in lymphangiomas [17].

The imaging parameters for predicting the 
malignancy of soft tissue tumors in adults and 
children have been discussed by several groups 
[33–35] and include size, shape, margin, homoge-
neity of signal intensity on different sequences, 
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contrast enhancement on both static and dynamic 
studies, peritumoral edema, hemorrhage/necrosis, 
growth rate, and extent (intra- or extra- 
compartmental, bone involvement, and neurovas-
cular displacement/encasement) (see Chap. 10). 
Few studies have been published on differentiation 
between benign and malignant soft tissue tumors 
in children. One must always approach an appar-
ently benign, small, well- circumscribed tumor 
carefully, and masses should be considered to be 
indeterminate unless the tissue-specific diagnosis 
can be given with reference to the child’s age, sig-
nal features, and location.
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26.1  Introduction

The aim of therapy in patients with soft tissue 
sarcoma is to irradicate (curative) or modify 
biologic behavior (palliative) of sarcoma while 
minimizing damage of normal tissues. This is 
done by local (surgery, isolated limb perfusion, 
and radiation) or systemic (neoadjuvant and 
adjuvant chemotherapy) therapy. Prognosis of 
patients with soft tissue sarcoma is mainly influ-
enced by local recurrence and development of 
distant metastasis and thus also by response to 
treatment [1]. Approximately one-third of all 
patients with soft tissue sarcomas will develop 
local recurrence or distant metastatic disease, 
with the highest risk in the first few years after 
treatment; however, late recurrences after 5 
years do occur [2–4]. The overall survival 
mainly depends on the development of meta-
static disease.

The patterns of recurrence vary with the ana-
tomic site of the primary tumor [5]. Patients with 
extremity and superficial trunk primaries have a 
higher predilection for metastases and a lower 
probability of locoregional recurrences. In con-
trast, patients with retroperitoneal or head and 
neck tumors have a higher tendency toward 
locoregional recurrences compared to metasta-
ses. In this chapter we’ll address several topics 
related to therapy. After a brief discussion on 
therapy-induced changes in normal tissue, which 
is important in diagnosing recurrence, we’ll 
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address monitoring the response to treatment, 
imaging locoregional recurrence, and finally 
diagnosis of metastases.

26.2  Therapy-Induced Changes 
in Normal Tissue

Surgery, radiation therapy, isolated limb perfu-
sion, systemic chemotherapy, angiogenesis- 
inhibiting drugs, therapy- and cancer-induced 
cachexia, and supportive therapy such as blood 
transfusions, erythropoietin (Epo), corticoste-
roids, growth colony stimulating factor (G-CSF), 
and peripheral stem cell transplantation may all 
cause acute and/or chronic reversible or irrevers-
ible changes in normal tissue. These changes are 
often seen on imaging during and/or following 
therapy and need to be differentiated from resid-
ual or recurrent tumor and metastatic disease. 
These changes include edema, avascular necro-
sis, mucoid degeneration, serous atrophy, osteo-
penia, regeneration or reconversion of 
hematopoietic marrow, extramedullary hemato-
poieses, hematoma, seroma, denervation of mus-
cle, and therapy-induced cancers. Most diagnostic 
problems related to these therapy effects occur in 
the bone marrow of patients with osseous tumors. 
Bone marrow changes do occur in patients with 
soft tissue tumors but then pose less of a diagnos-
tic problem. In this chapter we’ll limit the discus-
sion to changes that may cause diagnostic 
problems in patients with soft tissue tumors.

Various soft tissue tumors such as neurofibro-
matosis and giant cell tumors are treated with 
biologicals such as imatinib (Gleevec). In these 
patients extensive bone marrow changes display-
ing low signal intensity on T1-weighted MR 
images and high signal intensity on fluid- sensitive 
MR sequences may be seen. These may progress 
during treatment and may completely disappear 
following cessation of treatment. Although avas-
cular necrosis has been supposed as the cause for 
these changes, the transient nature is more likely 
to reflect edema [6, 7].

In the soft tissues, commonly seen changes 
are early (edema and inflammation) and late 
(fibrosis) effects of radiation therapy. Especially 

the early effects are easily identified because of 
the linear margins reflecting the radiation portals. 
The signal intensities of hematoma (high signal 
intensity of methemoglobin on T1- and fluid- 
sensitive sequences) and hygroma (low signal 
intensity on T1 and high signal on fluid-sensitive 
sequences) allow an easy diagnosis. Follow-up 
imaging (also with US) and Gd-chelate-enhanced 
imaging are useful in excluding tumor nodules 
within or surrounding these postsurgical changes. 
Denervated muscle is easily recognized as a high 
signal muscle on fluid-sensitive sequences (early 
edema) or high signal intensity muscle on 
T1-weighted sequences (late atrophy).

26.3  Monitoring Response 
to Therapy

With some exceptions, most soft tissue tumors, 
and especially sarcomas, are treated with resec-
tion. Resection is often supplemented by neoad-
juvant (presurgical) chemotherapy, radiation 
therapy before or following resection, and adju-
vant chemotherapy (postsurgical). In addition tri-
als with chemoradiation have shown promising 
results [8]. In contrast to chemotherapy proto-
cols, there is still debate about the optimal use of 
radiation therapy as an adjunct to surgery. There 
are advantages and disadvantages for both pre- 
and postoperative scheduling of radiation. For 
imaging it is important to realize that the effect of 
radiation therapy takes at least 4 weeks to hap-
pen. Many histological changes including necro-
sis, liquefaction, hemorrhage, hyalinization, 
angiogenesis, and fibrosis occur secondary to 
radiation and complicate image interpretation.

Volume measurements have been proven to be 
insufficient (with the exception of myxoid lipo-
sarcoma) in monitoring response to radiation 
therapy [9–12]. Likewise tumor volume mea-
surements are inaccurate in monitoring response 
to (neo)adjuvant chemotherapy and chemoradia-
tion. Tumor biology in sarcomas is normally het-
erogeneous and in addition changes over time, 
even without therapy. Volume measurements do 
not capture the complicated spontaneous and 
therapy-induced changes within the sarcomas. 
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The revised RECIST 1.1 criteria originate from 
the era of cytotoxic chemotherapy [13]. 
Nowadays and even more so in the future, tar-
geted therapies will use tumor-specific pathways 
to modify tumor progression, vasculature, and 
growth. This requires matching imaging tech-
niques to monitor response. The EORTC soft tis-
sue and bone sarcoma group proposed a 
histological grading system based on the amount 
of viable (also called stainable) tumor relative to 
necrosis. Grades are from A (no stainable tumor 
cells) to E (>50 % stainable tumor cells). 
Relationships between this new grading system 
and prognosis or outcome have yet to be deter-
mined. In this chapter we therefore still use the 
value of <10 % viable tumor to indicate good 
response. Compared to the older system of less 
than 10 % of viable tumor as a cutoff value for 
good response, this new system has, apart from 
grade A, also grade B (single or clusters of stain-
able tumor cells <1 % of whole specimen) and 
grade C 1–10 % stainable tumor cells [10].

The PERCIST criteria are a step forward for 
imaging evaluation because they include meta-
bolic information visualized by FDG-PET imag-
ing [13]. Especially with the advent of various 
mechanisms of chemotherapy that change tumor 
biology, we need to make use of an integrated 
approach using functional parameters obtained 
with multiple imaging techniques including MR 
(angiogenesis, membrane integrity, hypoxia, etc.) 
and PET [14–17]. This approach of tumor profil-
ing has been described as radiomics [17]. For this 
chapter a survey of this futuristic approach is 
beyond our scope. In this chapter we’ll briefly 
describe currently available clinical approaches.

Changes in tumor volume assessed with MR are 
also not very accurate in defining response. Only an 
increase in tumor volume not caused by massive 
hemorrhage within the tumor correlates with a poor 
histologic response. An unchanged or decreasing 
tumor volume is not predictive of a good response.

Gd-chelate-enhanced MR imaging improves 
identification of viable components within the 
tumor [14, 18]. However, static contrast-enhanced 
MR images are not sufficiently specific to differ-
entiate viable tumor from early immature 
 granulation tissue, neovascularity in necrotic 

areas, and reactive hyperemia. Also, static 
Gd-chelate- enhanced imaging results in an over-
estimation of the volume of residual viable tumor 
because the small molecular agent Gd-chelate 
passes from the intravascular space to the inter-
stitium outside the tumor [18, 19]. Fast or 
dynamic contrast- enhanced (DCE) MRI reflects 
angiogenesis, in particular flow, permeability, 
and interstitial pressure and is thus more accurate 
in identifying and localizing residual viable 
tumor after chemotherapy thereby improving dif-
ferentiation between good and poor respondents 
(Figs. 26.1 and 26.2). Details of this technique 
are presented in Chap. 5.

Therapy-induced changes in capillary perme-
ability (time-intensity curve analysis, quantifica-
tion of Ktrans) and vascular density (maximal 
enhancement) are often observed before changes 
in tumor volume. Direct visual inspection of the 
(subtraction) images before and after chemother-
apy allows easy detection of highly vascular and/
or highly perfused viable tumor tissue. 
Alternatively parametric analysis (see Chap. 5) 
using dedicated software can be used [19, 20]. 
When more than 10 % of the total tumor volume 
enhances early (defined as enhancement within 
6 s after arterial enhancement), a poor response 
with more than 10 % of tumor tissue remaining 
viable should be suspected. Several pitfalls have 
to be avoided. Young granulation tissue at the 
margins of necrotic tumor may enhance early. 
Arterioles or small physeal vessels enhance early 
as well. Spatial resolution is a limitation. Tumor 
nests smaller than 3–5 mm2 cannot be depicted.

Diffusion-weighted MR imaging with high 
b-values has potential in assessing the chemo-
therapeutic response of soft tissue sarcoma [12, 
15, 21–23].

An increase in diffusion reflected by increas-
ing apparent diffusion coefficient (ADC) values 
of sarcoma after chemotherapy corresponds to 
cell death (disintegration of cell membranes) and 
reduction in tumor cell density. Early response to 
chemotherapy may, however, result in a decrease 
of diffusion caused by dehydration, congestion, 
and decreased capillary permeability. It is still 
unclear which method of determining changes of 
ADC values over time is appropriate for soft tis-
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sue sarcoma. Increase of the minimum ADC 
value seems to correlate better with good response 
than increase of the average ADC ratios [21].

The value of color Doppler ultrasonography 
with spectral analysis has been demonstrated in 
patients with bone and soft tissue sarcomas as 
long as there is a soft tissue mass. Blood flow 
parameters that can be measured by spectral 
analysis include peak velocity, mean velocity, 
volume flow rate, pulsatility index, and resistive 

index ([peak systolic velocity/end-diastolic 
velocity]/peak systolic velocity) [18, 24, 25]. 
Response to neoadjuvant chemotherapy can be 
reliably predicted after two cycles, but not sooner. 
In a good respondent, a vascular tumor with low 
vascular resistive index in feeding arteries 
changes into a system with an increased or even 
normalized resistive index and decreased flow 
and shunting in the tumor. In good respondents, 
the resistive indices calculated in the tumor- 

Fig. 26.1 Adult patient with synovial sarcoma medial to 
the femur with central necrosis diagnosed on the resected 
specimen. T1- (a) and T2-weighted frequency-selected 
fat-suppressed (b) and T1 fat-suppressed Gd-enhanced 
static (c) axial images show the tumor with centrally less 
enhancement. On this panel parametric images (d) 
obtained during dynamic Gd-enhanced data acquisition 
with a temporal resolution of 3 s and processed with ISP 
software package (Philips) are displayed. Upper left is one 
of the enhanced images, upper middle the electronically 
subtracted image, upper right time to peak, and lower 
right the wash-in rate. Below the images, a time-intensity 
curve is exhibited (horizontal axis time, vertical axis 

 relative signal intensity). Artery, viable, and necrotic 
tumors are labeled. Following neoadjuvant chemotherapy, 
the same parameters are displayed (e). Note that the 
necrotic central area has increased (subtraction images), 
the time to peak has become longer, and the wash-in rate 
has decreased. Following resection the patient had a 
recurrent mass which has high signal intensity and fluid-
fluid levels on the T2 fat-suppressed image (f), and on the 
static Gd-enhanced images (g), no central enhancement is 
observed. On the parametric images (h), no enhancement 
is observed on all parametric images nor on the time- 
intensity curve. A large hematoma without viable tumor 
was evacuated

a b

c
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Fig. 26.1 (continued)
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feeding artery are almost equal to the resistive 
indices in the contralateral reference artery. 
Apparently, increase of peripheral resistance cor-
responds to the reduction or disappearance of 
intratumoral high-velocity Doppler shifts, which 

indicates the reduced need for attracting blood 
from the host’s circulation in chemotherapy- 
sensitive tumors [26].

Early studies demonstrate the potential of 
Doppler ultrasonography with microbubble- 

f g

h

Fig. 26.1 (continued)
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based contrast agents in evaluating tumor 
response to chemotherapy. A decrease of contrast 
uptake the day after isolated limb perfusion with 
high-dose chemotherapy and tumor necrosis fac-
tor has been reported to correlate with a favorable 
histologic response. No ultrasound parameters 
have been reported that can predict the response 
to therapy before the start of treatment.

There have been conflicting reports on the 
usefulness of glucose metabolism imaged by 
18F-deoxyglucose positron emission tomogra-
phy (18F-FDG-PET) as a parameter to assess 
response to chemotherapy in sarcoma [27]. 
Following chemotherapy, the standardized uptake 
value (SUV) decreases. Most studies report a 
larger decrease of SUVmax in responders as 
opposed to nonresponders [28–33]. Most studies 
are in heterogeneous populations of bone and soft 
tissue sarcoma. It seems that metabolic tumor 

volumes are a better target than SUVmax values. 
Differences in metabolic volume, defined as the 
number of voxels within the volume of interest 
that have an uptake greater than that of the chosen 
background threshold, have been reported to cor-
relate better with response [29]. This tumor com-
ponent correlates with the viable tumor as defined 
by early enhancement on DCE MRI and seems a 
promising venue of further research.

With the advent of insights in analyzing meta-
bolic tumor volume or residual viable tumor using 
various SUV parameters and the rise of reliable 
commercial software packages to quantify DCE 
MRI, it is too early to define the clinical role of 
these techniques [27]. For the time being, we still 
rely on DCE MRI in combination with high-reso-
lution MR to monitor response and, at the same 
time, to identify viable tumor nests before sur-
gery. It is likely that with the advent of targeted 

Fig. 26.2 A 64-year-old patient with solitary fibrous 
tumor; following presurgical radiation therapy, 50 % of 
the tumor was necrotic. Axial (a) and coronal (b) 
Gd-chelate-enhanced fat-suppressed T1-weighted images 
show the tumor in the pelvis. Enhancement is mainly seen 
in the periphery. Following radiation therapy (c), little 
change is seen on the axial fat-suppressed Gd-enhanced 
static image. On this panel parametric images (d) obtained 
during dynamic Gd-enhanced data acquisition with a tem-
poral resolution of 3 s and processed with ISP software 
package (Philips) are displayed. Upper left is one of the 

enhanced images, upper middle the electronically sub-
tracted image, upper right time to peak, and lower right 
the wash-in rate. Below the images is a time-intensity 
curve (horizontal axis time, vertical axis relative signal 
intensity). Artery, viable, and necrotic tumors are labeled. 
Following radiation therapy, the same parameters are dis-
played (e). Note that the time-intensity curve of the 
peripheral enhancing part has decreased relative to the 
arterial curve. Time to peak has increased, while only 
minor change is seen for the wash-in rate

a b

c
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predominantly cytostatic, metabolic, and angio-
genesis-inhibiting cancer treatments, 18F-FDG-
PET will take a prominent place together with 
other PET tracers requiring cyclotron, DCE MRI, 
and ultrasonography in monitoring and guiding 
treatment. The combination of several techniques, 
displaying various characteristics of tumor pheno-
type in 4D, is likely to be the future. This requires 
advanced automated analysis of large data sets.

26.4  Locoregional Recurrence

The benefit of early detection of local recurrence 
depends on the availability of therapeutic options 
that can prolong survival. Radical compartmental 
resection with or without adjuvant radiotherapy 
and/or chemotherapy may provide long-term sal-
vage in patients with a local recurrence of soft 
tissue sarcoma [34]. The risk for local recurrence 
depends on tumor site, size, grade, and adequacy 
of surgical margins. Although about 2–20 % of 
all resections will have positive margins and thus 
increased risk for local recurrence, its impact on 
overall survival remains controversial [1, 4, 35].

Several guidelines have been recommended 
for the follow-up of soft tissue sarcoma consisting 
of a combination of clinical history, physical 
examination, blood tests, chest radiographs, CT, 
and MR imaging [36–42]. The ACR advises MR 
follow-up at least twice a year during the first 5 
years after treatment of the primary tumor and 
once a year 5–10 years after treatment. The ESSR 
and ESMO advocate 3–4 MRs during the first 2–3 
years in intermediate- or high-grade sarcomas and 
2–3 MRs during the first 3 years in low- grade sar-
comas. An MR once a year 5–10 years after pri-
mary treatment is also advocated by ESSR [34, 
43–47]. Most institutions rely on consensus- based 
guidelines due to the absence of evidence-based 
guidelines. Surveillance strategies that, through 
early detection and treatment, improve survival 
and quality of life while minimizing costs have 
yet to be identified in randomized clinical trials. 
Only few studies have been reported on the effi-
cacy of surveillance strategies for the follow-up of 
soft tissue sarcoma [37, 38, 48]. According to 
Whooley et al., clinical assessment and physical 

examination are the most useful tools for evaluat-
ing locoregional recurrence, whereas routine MR 
imaging of the primary tumor site and laboratory 
blood tests appear ineffective strategies. In a ret-
rospective review of 141 patients, they detected 
by routine annual imaging only one asymptom-
atic local recurrence; all others were found on 
physical examination of the primary site [37, 48]. 
However, MR imaging has shown to be useful in 
patients in whom physical examination is ham-
pered due to radiotherapy changes.

When indicated, MR imaging is the most use-
ful technique for identifying suspected local 
recurrence or residual disease after incomplete 
resection [34, 49]. An MR using a T2-weighted 
sequence with frequency-selective fat saturation 
or short tau inversion recovery (STIR) or Dixon 
sequence with water reconstruction is considered 
to be the most useful first step for detecting recur-
rent tumor (Fig. 26.3). The morphology of the 
lesion and the signal intensity contribute to the 
definition of its character. Low signal intensity 
on T2-weighted images or diffuse high signal 
intensity on T2-weighted images excludes tumor 
recurrence in 99 % of patients. Mature scar tissue 
usually exhibits low signal intensity (Fig. 26.4) 
because of its fibrous tissue content, as described 
in previous studies. Diffuse high signal intensity 
with a feather-like appearance, without mass 
effect, generally represents post-therapy change 
or inflammation. High signal intensity mass-like 

T2

Diffuse HSI

Stop

No Change Fast Injection

Fast Increase

Treatment

HSI MassLow Signal

Fig. 26.3 Flowchart of MR imaging in the follow-up of 
aggressive soft tissue tumors
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lesions on T2-weighted images require further 
examination with intravenous Gd-chelates [50].

Fat-suppressed T1-weighted fast spin echo 
sequences after Gd-chelate injection can be used to 
distinguish non-enhancing post-therapy hygroma, 
seroma, or hematoma from enhancing tumor recur-
rence, post-therapy fibrosis, granulation tissue, or 
inflammatory masses (Fig. 26.5). The T1 fat-sup-
pressed images obtained after administration of the 
contrast agent should be compared to subtraction 

images (for instance, obtained in the dynamic 
sequence, see below) or to pre-contrast T1 fat-sup-
pressed images to correct for pseudo-enhancement 
caused by scaling effects. Absence of contrast 
enhancement excludes recurrent tumor. On these 
standard contrast- enhanced images, the differentia-
tion between recurrent viable tumor and post-ther-
apy fibrosis or inflammatory pseudomasses may 
remain difficult. However, in these cases dynamic 
contrast-enhanced MR imaging may prove helpful 

Fig. 26.4 (a, b) Malignant soft tissue tumor studied after 
surgery and radiotherapy in a 30-year-old male: (a) axial 
T2-weighted MR image shows low signal intensity 

(arrow) indicative of no recurrence; (b) the scar also has 
low signal on T1-weighted MR image

a b

Fig. 26.5 (a, b) Three months after resection of desmoid- 
type fibromatosis of the pelvis in a 26-year-old female: (a) 
axial T2-weighted MR image shows a well-defined mass 
with homogeneous high signal intensity; (b) on axial fat- 

suppressed T1-weighted MR image after intravenous 
administration of gadolinium, chelate is only a small rim 
of enhancement seen consistent with a postoperative 
seroma that resolved spontaneously
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[34, 51]. Dynamic contrast-enhanced MR imaging 
allows differentiation between inflammation and 
recurrent or residual tumor. After a rapid bolus 
injection of contrast, viable tumor exhibits rapid 

progressive increase of signal intensity followed by 
washout or plateau phase, whereas the signal from 
inflammatory changes will also increase but later 
[52] (Fig. 26.6). The exception is young granula-

a b

c

d

Fig. 26.6 (a–d) Fifteen months after resection and radio-
therapy of a liposarcoma of the elbow in a 25-year-old 
male: (a, b) coronal and axial fat-suppressed T1-weighted 
MR image after gadolinium chelate shows an ill-defined 
homogeneous enhancing soft tissue mass (arrow). 
Markers on the skin demonstrate the surgical scar; (c) 
coronal consecutive dynamic contrast-enhanced subtrac-
tion images of the same level obtained with a temporal 

resolution of 3 s. Tumor enhancement (arrow) is seen 3 s 
after arrival of the bolus contrast in the artery (arrowhead) 
suggestive of tumor recurrence; (d) time-intensity curve 
of a region of interest in the soft tissue mass demonstrat-
ing rapid progressive enhancement followed by a washout 
phase. Histologic examination after Tru-Cut biopsy 
showed recurrence of liposarcoma
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Fig. 26.7 (a–g) Desmoid-type fibromatosis in the thigh 
in a 47-year-old male: (a) axial fat-suppressed 
T1-weighted MR image after gadolinium chelate. The 
relatively well-defined soft tissue mass shows inhomoge-
neous enhancement. The non-enhancing area demon-
strated low signal intensity on all pulse sequences; (b) 3 
months after resection, axial fat-suppressed T1-weighted 
MR image after gadolinium chelate reveals a postopera-
tive seroma; (c, d) 12 months after resection, axial and 

coronal fat-suppressed T1-weighted MR image after gad-
olinium chelate. Spontaneous regression of the postopera-
tive seroma but appearance of new small intramuscular 
enhancing nodules suggestive of multifocal recurrence 
(arrow); (e, f) the nodules were identified on ultrasound as 
hypoechoic soft tissue masses; (g) ultrasound-guided his-
tological Tru-Cut biopsy was performed and recurrence of 
desmoid-type fibromatosis was confirmed

tion issue and reactive changes secondary to sur-
gery or radiation within the last 6 months.

Diffusion-weighted imaging has potential in add-
ing specificity in the diagnosis of recurrent tumor. 
Preliminary studies have shown a statistical differ-
ence between recurrent tumor and  nonneoplastic 
masses secondary to earlier treatment [34, 51].

Each case of a suspicious (recurrent) mass 
should be treated as if it is a new sarcoma. 
Confirmation should be obtained by cytological 
sampling or core-needle (Tru-Cut or Jamshidi) 
biopsy after locoregional restaging by MR imag-
ing. Histological biopsy should always be 
 performed after MR imaging because reactive 
changes, hemorrhage, and edema secondary to 
biopsy may hamper interpretation of MR images 
and therefore interfere with staging.

Preliminary studies of positron emission 
tomography (PET) demonstrate the potential of 
PET with FDG as an additional tool for detect-
ing local recurrence of soft tissue sarcoma. 
Moreover, PET seems particularly useful in 
patients with extensive histories of surgery and 
radiation therapy, in the setting in which MR 
imaging interpretation can be difficult [53, 54]. 
The caveat here is that a negative PET-CT can 
only be used to exclude recurrence, if the ini-
tial tumor accumulates sufficient FDG.

Desmoid-type fibromatoses are benign fibro-
blastic proliferations that arise in the deep soft 
tissues and are characterized by infiltrative 
growth in the surrounding soft tissue structures 
and the absence of a pseudocapsule. Because of 
this growth pattern, local recurrence after sur-
gery is virtually unavoidable. Routine follow-up 
MR imaging of patients with desmoid-type 
fibromatosis seems justified not only to detect 
(often asymptomatic) local recurrence but also to 

evaluate the natural behavior of these lesions as 
they change from cellular active lesions toward 
mature, collagenous inert lesions [55] (Fig. 26.7).

26.5  Metastases

Early detection of pulmonary metastases is an 
important component of surveillance because the 
overall survival of sarcoma patients mainly depends 
on the development of distant metastases 
(Fig. 26.8). Metastatic spread is found predomi-
nantly in the lungs, and about 70 % of all patients 
who develop metastases will have distant disease 
confined to the lungs [56]. CT is superior to PET-CT 
in the detection of pulmonary metastases [57].

Pulmonary metastasectomy is considered a 
standard practice since there is indeed a small pop-
ulation that can be cured. Whooley et al. studied 
the cost-effectiveness of chest radiograph surveil-
lance in primary soft tissue sarcomas in a retro-
spective analysis. They proved the utility of chest 
radiograph surveillance on the basis of a review of 
74 patients with first recurrence confined to the 
lungs (79 % of all first recurrences). Although 
chest CT is recommended as part of the staging 
evaluation for all patients with high-grade soft tis-
sue sarcomas due to higher sensitivity than chest 
radiographs, the role of CT in the surveillance of 
metastatic disease has not been determined yet. 
However, extrapolations of results of chest CT at 
time of initial staging didn’t demonstrate cost-
effectiveness of routine use of  surveillance chest 
CT over chest radiographs when the risk of pul-
monary metastatic disease was low (thus in low-
grade tumors) [38, 58]. However, in our practice 
we routinely use chest CT rather than plain films 
to rule out pulmonary metastases.
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a b

c d

Fig. 26.8 (a–d) Myxofibrosarcoma of the axilla in a 
42-year-old man: (a) fat-suppressed axial T2-weighted 
MR image of the axilla. Staging chest CT at time of diag-
nosis demonstrated no lung metastases; (b) 3 weeks after 

resection, normal chest radiograph; (c) 3 months after 
resection, normal chest radiograph; (d) 6 months after 
resection, a new solitary lung nodule in the left upper lobe 
is demonstrated. Metastasectomy was performed

Key Points

 1. Therapy-induced changes in normal tis-
sue can be quite extensive but can be 
diagnosed by combining imaging find-
ings (morphology, location, MR signal 
intensities) with information on tumor 
therapy and supportive therapy includ-
ing timing of therapeutic interventions.

 2. Monitoring response of sarcomas to 
therapy is complicated because of spon-
taneous and therapy-induced change of 
biologic behavior of sarcomas. 

Functional imaging, including dynamic 
Gd- chelate- enhanced MR, diffusion 
MR, MRS, and PET-CT, is in the pro-
cess of replacing volume-based assess-
ments such as RECIST 1.1.

 3. Clinical evaluation based on attention to 
the clinical history (pain, swelling) and 
physical examination seems to be a reli-
able initial method in local surveillance 
strategies. A rational and practical sur-
veillance algorithm should include rou-
tine office visits every 4 months for 2 
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A
Abdominal fibromatosis (abdominal desmoids), 275–276
Abrikossoff tumors. See Granular cell tumors (GCTs)
Abscess

diffusion MRI, 108
inflammatory and infectious lesions, 528–529
intramuscular, 529

Accessory breast, 526
Accessory palmaris longus muscle, 524
Accessory soleus muscle, 524
Acral fibromyxoma (AFM), 428, 433
Acromioclavicular (AC) joint, 564, 566
Adenocarcinoma, 138, 594
Adipocytic tumors

benign
angiolipoma, 211–212
chondroid lipoma, 213–215
fibrolipoma, 221
hibernoma, 217–220
lipoblastoma, 210–211
lipoma, 198–203
lipomatosis, 203–208
myolipoma of soft tissue, 212–213
nerve, lipomatosis of, 208–210
ossifying lipoma, 221
osteolipoma, 221
parosteal lipoma, 221–225
pleomorphic lipoma, 215–217
spindle cell lipoma, 215–217
tendon sheath and joint lipoma, 221

differential diagnosis, 237–238
intermediate (locally aggressive), 225–230
malignant, 230–232

dedifferentiated liposarcoma, 232
liposarcoma, not otherwise specified, 237
myxoid liposarcoma, 232–237
pleomorphic liposarcomas, 237

MRI role, 198
WHO classification, 188

Adiposis dolorosa, 207–208
Adult fibrosarcoma, 292–293
Adventitial cystic disease, 562
AJCC manual for staging cancer, 145–146, 587
Alveolar rhabdomyosarcoma, 347–348, 351
Alveolar soft part sarcoma

definition, 454
imaging, 454–458
incidence and clinical behavior, 454
left thigh, 454–456
of thoracic spine, 456, 457

American Joint Committee on Cancer  
(AJCC), 145, 188

Amputation neuroma, 545, 546
Amyloidosis, 12–14
Angioleiomyoma

clinical findings, 358
definition, 358
imaging, 358–359
vascular leiomyoma /angiomyoma, 21–24

Angiolipoma, 211–212
Angiomatoid fibrous histiocytoma (AFH)

definition, 439
imaging, 439, 440
incidence and clinical behavior, 439

Angiomyolipoma (AML), 473
Angiomyxoma, aggressive

definition, 434
imaging, 434–435
incidence and clinical behavior, 434
paravaginal, 434–435

Angiosarcoma, 370, 371
Apparent diffusion coefficient (ADC), 409, 414, 434, 

637, 638
Armed Forces Institute of Pathology (AFIP), 324
Arteriovenous malformations (AVMs)

calf, 382
definition, 381
dynamic opacification, 384
histology of, 381
of knee, 382, 383
magnetic resonance imaging, 382
treatment for, 384
ultra sound, 381–382

Arthrography, 513
Arthrosynovial cyst, 496–497
Articular and synovial sheath masses

amyloidosis, 12–14
synovial osteochondromatosis/synovial 

chondromatosis, 11
tenosynovial giant cell tumor, 11–12
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Askin’s tumor, 465, 466. See also Primitive 
neuroectodermal tumors (PNET)

Atypical fibrous histiocytoma (AFH), 328
Atypical fibroxanthoma (AFX)

definition, 437–438
imaging, 439
incidence and clinical behavior, 437–438

B
Baker’s cyst, 497, 499
B-cell lymphoma, 588

subcutaneous, 587
Benign adipocytic tumors

angiolipoma, 211–212
chondroid lipoma, 213–215
fibrolipoma, 221
hibernoma, 217–220
lipoblastoma, 210–211
lipoma, 198–203
lipomatosis, 203–208
myolipoma of soft tissue, 212–213
nerve, lipomatosis of, 208–210
ossifying lipoma, 221
osteolipoma, 221
parosteal lipoma, 221–225
pleomorphic lipoma, 215–217
spindle cell lipoma, 215–217
tendon sheath and joint lipoma, 221

Benign cystic lesions
arthrosynovial cyst, 496–497
Baker’s cyst, 496
bursa de novo (adventitious bursa), 507–510
clinical manifestations, 509–510
ganglion (cyst), 497–507
imaging

arthrography/direct cyst puncture, 513
conventional radiography, 510–511
CT scan, 513
MRI, 513–516
ultrasound, 511–513

Benign fibroblastic/myofibroblastic tumors
calcifying aponeurotic fibroma, 262
desmoplastic fibroblastoma  

(collagenous fibroma), 262
elastofibroma, 253–255
fibroma of tendon sheath, 255–258
ischemic fasciitis, 252–253
myositis ossificans and fibroosseous pseudotumor of 

digits, 247–252
nodular fasciitis, 245–247
nuchal-type fibroma, 258–261
proliferative myositis (and fasciitis), 247

Benign fibrous histiocytoma (BFH)
clinical behaviour and gross findings, 325–327
differential diagnosis, 328
genetics, 328
imaging findings, 328–330
pathology, 327–328

Benign lesions
acral fibromyxoma, 428
deep (“aggressive”) angiomyxoma, 434–435
ectopic hamartomatous thymoma, 436–437
intramuscular myxoma (incl. cellular variant), 

426–428
juxta-articular myxoma, 428–430
myxoma, of Jaws, 430–434
pleomorphic hyalinizing angiectatic tumor, 435–436

Benign triton tumors, 411
Benign vascular tumors

congenital hemangioma, 366–369
epithelioid hemangioma, 368
infantile hemangioma, 365–368

Bilateral vestibular schwannomas, 419
Biopsy

diagnostic accuracy, 133–138
immunohistochemistry, 138
intra-versus extra-compartmental spread, 131–133
needle, technique and choice of, 138–139
open surgical biopsy, 135
safety rules, 133

Biphasic synovial sarcoma, 445
Budd–Chiari syndrome, 342
Bursa, 508
Bursa de novo (adventitious bursa), 507–510
Bursitis, 536

C
Calcific myonecrosis, 551, 552
Calcific tendinosis, 556–558, 560
Calcifying aponeurotic fibroma, 262
Calcium pyrophosphate dihydrate crystals (CPPD), 556
Capillary malformations (CMs), 381
Cardiac rhabdomyoma, 345
Carney’s syndrome, 395
Carney–Stratakis syndrome, 614
Carney triad syndrome, 614
Catheter angiography, 553
Cat scratch disease

central necrosis, 539
computed tomography (CT), 539
definition, 538
epitrochlear mass, 539
location, 538
polymerase chain reaction, 540
Rochalimae henselae, 538

Cellulitis, 527
Chondroid lipoma, 213–215
Chondro-osseous soft tissue tumors

extraskeletal osteosarcoma, 609–611
soft tissue chondroma, 604–605
synovial osteochondromatosis, 605–610
WHO classification, 192–193

Choroid melanoma, 596
Chronic bursitis, 512, 513
Classification of Tumors of Soft Tissue and Bone, 393
Claudicatio intermittens, 562, 563
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Clear cell myomelanocytic tumor (CCMMT)
definition, 473
imaging, 473–475
incidence and clinical behavior, 473

Clear cell sarcoma
clinical behavior, 459
definition, 458–459
imaging, 459–460
incidence, 459

Collagen 6A3 (COL6A3) gene, 315
Color Doppler ultrasound (CDUS)

characteristics, 5–11
principles, 4
superficial soft tissue tumors, 11
tumorlike lesions, 11

Computed tomography (CT), 60
features, 49–51
vs. MRI, 51–55

Computed tomography pulmonary angiography (CTPA), 53
Congenital hemangioma (CH)

noninvoluting, 366–369
partially involuting, 368
rapidly involuting, 366

Contrast-enhanced MRI
fat-suppressed contrast-enhanced T1-weighted 

imaging, 79–81
static vs. dynamic enhanced MRI, 81
subtraction images, 81
T1-weighted imaging, 79

Conventional anatomical MR imaging, 414
Conventional imaging modalities (CIMs), 63
Conventional radiography, 60
Core needle biopsy (CNB), 133
CSF1 gene, 315
Cyst. See Ganglion (cyst)
Cytogenetics, 124

D
DCE. See Dynamic contrast-enhanced (DCE)  

MR imaging
Dercum disease, 207–208
Dermal nerve sheath myxomas (DNSMs), 411
Dermatofibrosarcoma protuberans, 282–285
Desmoid tumors, extra-abdominal, 269–275
Desmoid-type fibromatoses

of pelvis, 644
in thigh, 646

Desmoplastic fibroblastoma (collagenous fibroma), 262
Desmoplastic small round cell tumor (DSRCT), 462, 464
Diabetes mellitus, 530
Diabetic muscle infarction, 535–536
Diagnostic algorithm, 181–182
Diffuse giant cell tumours (D-GCT)

clinical behaviour and gross findings, 320–321
differential diagnosis, 322
epidemiology, 320
imaging findings, 321–322
pathology, 321

Diffuse neurofibromas, 405
Diffuse-type tenosynovial giant cell tumour (D-TSGCT)

clinical behaviour and gross findings, 320–321
differential diagnosis, 322–323
epidemiology

diffuse giant cell tumours, 320
pigmented villonodular synovitis, 320

genetics, 321
imaging findings, 321–322
pathology, 321

Diffusion MRI
clinical applications, 108–109
imaging technique, 106
qualitative, 106
quantitative, 106–107

Diffusion tensor imaging (DTI), 416
Diffusion weighted imaging (DWI), 414, 434

sarcoidosis, 537
soft tissue metastases, 597

Distal denervation muscle atrophy, 546
DWI. See Diffusion weighted imaging (DWI)
Dynamic contrast-enhanced MRI

clinical applications, 101–105
evaluation and postprocessing techniques, 88–101
imaging techniques, 87–88
principles, 85–87

Dynamic contrast-enhanced (DCE) MR imaging,  
414, 637, 641

Dystrophic calcification
soft tissue mineralization disorders, 35

E
Ectopic hamartomatous thymoma (EHT)

definition, 436
imaging, 436
incidence and clinical behavior, 436

Ectopic meningiomas, 412
Elastofibroma, 253–255
Elastofibroma dorsi

computed tomography, 566
definition, 564
differential diagnosis, 566–568
left periscapular soft tissue mass, 567
locations, 564
magnetic resonance imaging, 566
ultrasound, 566

Embryonal rhabdomyosarcoma, 347, 353, 624
Enchondromas, 388
End-bulb neuromas (EBN). See Traumatic neuroma
Epidermal inclusion cysts, 555–557
Epithelioid hemangioendothelioma (EH), 370
Epithelioid hemangioma, 368
Epithelioid sarcoma

definition, 451
imaging, 452–454
incidence and clinical behavior, 451–452
in lumbar paraspinal region, 453

European Society for Medical Oncology (ESMO), 154
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European Society of Musculoskeletal  
Radiology (ESSR), 155

External beam radiotherapy, 321
Extra-abdominal desmoid tumors, 269–275
Extracardiac rhabdomyoma

clinical findings, 345
definition, 345
imaging, 345, 347

Extrapleural solitary fibrous tumor, 285
Extrarenal rhabdoid tumors (ERRTs)

definition, 469
imaging, 473, 474
incidence and clinical behavior, 472

Extraskeletal chondroma
of foot, 604
at popliteal fossa, 607
right patella, 604, 605

Extraskeletal Ewing’s sarcoma
definition, 467–468
imaging characteristics, 469–472
incidence and clinical behavior, 468–469
of left thigh, 470, 471
of pelvis, 469

Extraskeletal myxoid chondrosarcoma (EMC), 461, 603
Extraskeletal osteochondroma, 604, 607
Extraskeletal osteosarcoma

definition, 609
imaging, 611
incidence and clinical behavior, 609–611
of thigh, 611, 613

F
Fascicular sign, 400
Fat necrosis, US findings, 33–34
Fat-suppressed T1-weighted imaging (FS T1-WI)

contrast-enhanced, 79–81
unenhanced MRI, 76–77

Fetal rhabdomyoma, 345
18F-Fluorodeoxyglucose positron emission tomography 

(18F-FDG PET), 60
18F-Fluorodeoxyglucose positron emission tomography-

computed tomography (18F-FDG PET-CT), 
487, 489, 597

Fibroblastic/myofibroblastic tumors
abdominal fibromatosis (abdominal desmoids), 

275–276
benign proliferations

calcifying aponeurotic fibroma, 262
desmoplastic fibroblastoma (collagenous 

fibroma), 262
elastofibroma, 253–255
fibroma of tendon sheath, 255–258
ischemic fasciitis, 252–253
myositis ossificans and fibroosseous pseudotumor 

of digits, 247–252
nodular fasciitis, 245–247
nuchal-type fibroma, 258–261
proliferative myositis (and fasciitis), 247

extra-abdominal desmoid tumors, 269–275

fibromatoses, 262–265
infancy and childhood, fibrous tumors

fibromatosis colli, 279–282
fibrous hamartoma, 276–278
infantile digital fibromatosis, 278
juvenile hyaline fibromatosis, 278–279

intermediate-grade
dermatofibrosarcoma protuberans, 282–285
extrapleural solitary fibrous tumor, 285
infantile fibrosarcoma, 289–291
inflammatory myofibroblastic tumor, 285
low-grade myofibroblastic sarcoma, 285–286
myxoinflammatory fibroblastic sarcoma, 286–289

knuckle pads, 269
lipofibromatosis, 276
malignant

adult fibrosarcoma, 292–293
low-grade fibromyxoid sarcoma, 295–299
myxofibrosarcoma, 293–295
sclerosing epithelioid fibrosarcoma, 299–302

palmar fibromatosis, 265–266
plantar fibromatosis, 266–269
US findings, 29–32
WHO classification, 188–189

Fibrohistiocytic tumours (so-called)
fibrous histiocytoma, deep benign, 325–328
intermediate (rarely metastasising)

giant cell tumour of soft tissue, 331–332
plexiform fibrohistiocytic tumour, 328–331

tenosynovial giant cell tumour
diffuse-type, 320–324
localised type, 312–320
malignant-type, 324–325

WHO classification, 189–190
Fibrolipoma, 221
Fibroma

nuchal-type, 258–261
of tendon sheath, 255–258

Fibroma of the tendon sheath (FTS), 320
Fibromatosis, 262–265

palmar, 265–266
plantar, 266–269

Fibromatosis colli, 625
fibroosseous pseudotumor, digits, 247–252
Fibrosarcoma, 627
Fibrous tumors, infancy and childhood

fibromatosis colli, 279–282
fibrous hamartoma, 276–278
infantile digital fibromatosis, 278
juvenile hyaline fibromatosis, 278–279

Fine-needle aspiration biopsy (FNAB), 133, 590
Fluid-sensitive sequences, 77–78
Fluorescence in situ hybridization (FISH), 124, 591
Focal myositis, 535
Follow-up imaging

locoregional recurrence, 643–646
metastases, 646–648
monitoring response, to therapy, 636–643
therapy-induced changes, in normal tissue, 636
volume measurements, 636
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Foreign body reactions, 549–551
Fraction anisotropy (FA), 416
Frozen section role, 118
Functional MR imaging, 414–416

G
Ganglion (cyst)

adventitial cystic disease, 497, 500
of anterior cruciate ligament, 505, 507
benign cystic lesions, 497
dorsum, of foot, 501, 502
intramuscular, 503
of left hip, 504, 506
in lower leg, 499, 501
meniscal cyst, 503, 504
para-articular cyst, 497, 498
pathogenesis of, 497
of proximal tibiofibular joint, 501, 503
in spinoglenoid notch of shoulder, 504, 505
US finding, 27–28
on wrist, 501, 502

Gas gangrene, 529
Gastrointestinal stromal tumors (GISTs), 603

definition, 611, 613
histopathology, 614
imaging features, 614–617
incidence and clinical behavior, 613–614
prognosis, 617
of small bowel, 614, 617
of stomach, 614, 615
treatment, 617, 618
WHO classification, 193

Gd-chelate-enhanced imaging, 637
Genetics role, 122, 126
Genital rhabdomyoma, 345
Geyser phenomenon, 564, 566
Giant B-cell lymphoma, 579, 580
Giant cell tumor. See Pigmented villonodular  

synovitis (PVNS)
Giant cell tumour of soft tissue (GCT-ST), 330
Giant cell tumour of the tendon sheath (GCTTS)

clinical behaviour and gross findings, 314
differential diagnosis, 320
epidemiology, 312
imaging findings

computer tomography, 319
magnetic resonance imaging, 319
radiographs, 315
scintigraphy, 319
ultrasound, 315–319

pathology, 314
Glomangiomatosis

clinical findings, 349–350
definition, 349
of forearm, 356
imaging, 350–351

Glomus tumor (GT), 384, 385
clinical findings, 348–349
definition, 348

imaging, 349
of upper extremity, 355
US finding, 20–21

Glucose transporter protein-1 (GLUT1), 366
Gout, 556, 559
Grading

combined parameters, 164–165
individual parameters, 162–164
World Health Organization (WHO), 162

Granular cell tumors (GCTs), 411
Granuloma annulare, 554–555, 626
Granulomatous disorders

cat scratch disease, 538–541
injection granulomas, 540–541
mycetoma, 541–543
sarcoidosis, 536–538
tuberculous osteomyelitis, 536, 537

H
Haemosiderin, 313, 314, 322
Hematoma

acute, 545–547
biopsy, 547
of calf, 546, 548
computed tomography, 546
contusion, 545
diffusion MRI, 108
hemosiderin, 547
magnetic resonance imaging, 546
muscle contraction, dynamic evaluation, 545–546

Hemosiderotic fibrolipomatous tumor (HFLT)
definition, 437
imaging, 437, 439
incidence and clinical behavior, 437

Hereditary hemorrhagic telangiectasia.  
See Rendu–Osler–Weber syndrome

Hibernoma, 217–220
Human herpesvirus-8 (HHV-8), 369
Hybrid nerve sheath tumors, 411
Hypothenar hammer syndrome, 551–553

I
Infancy and childhood, fibrous tumors

fibromatosis colli, 279–282
fibrous hamartoma, 276–278
infantile digital fibromatosis, 278
juvenile hyaline fibromatosis, 278–279

Infantile fibrosarcoma, 289–291
Infantile hemangioma (IH), 629

of cheek, 366, 368
glucose transporter protein-1, 366
involuting phase, 365–366
magnetic resonance imaging, 366
in posterior cervical neck, 366, 367
proliferative phase, 365, 366
treatment, 366

Infantile myofibromatosis, 355, 357. See also 
Myofibromatosis
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Infantile rhabdomyosarcoma, 628
Inflammatory and infectious lesions

abscess, 528–529
bursitis, 536
cellulitis, 527
diabetic muscle infarction, 535–536
focal myositis, 535
granulomatous disorders, 536–541
lymphedema and lymphangitis, 528
muscular cystic echinococcosis, 532–534
necrotizing fasciitis, 527
pyomyositis, 529–532

Inflammatory myofibroblastic tumor, 285
Infrapatellar (Hoffa) fat pad, 312, 313
Injection granulomas, 540–541
Intermediate (locally aggressive) adipocytic tumors, 

225–230
Intermediate and malignant vascular tumors

angiosarcoma, 370, 371
epithelioid hemangioendothelioma, 370
kaposiform hemangioendothelioma, 368–369
Kaposi’s sarcoma, 369–370

Intermediate-grade fibroblastic/myofibroblastic tumors
dermatofibrosarcoma protuberans, 282–285
extrapleural solitary fibrous tumor, 285
infantile fibrosarcoma, 289–291
inflammatory myofibroblastic tumor, 285
low-grade myofibroblastic sarcoma, 285–286
myxoinflammatory fibroblastic sarcoma, 286–289

Intermediate tumors (rarely metastasising)
angiomatoid fibrous histiocytoma, 439, 440
atypical fibroxanthoma, 437–439
giant cell tumour of soft tissue

clinical behaviour and gross findings, 331
differential diagnosis, 332
genetics, 332
imaging findings, 332
pathology, 331–332

mixed tumor, 440, 441
ossifying fibromyxoid tumor, 439–441
phosphaturic mesenchymal tumor, 443, 444
plexiform fibrohistiocytic tumour

clinical behaviour and gross findings, 329
differential diagnosis, 330–331
genetics, 329
imaging findings, 330
pathology, 329

International Society for the Study of Vascular 
Anomalies (ISSVA), 364–365

International Working Formulation (IWF), 578
Interstitial cells of Cajal (ICC), 611, 613
Intimal sarcoma

definition, 475–476
imaging, 476
incidence and clinical behavior, 476

Intramuscular abscess, 529
Intramuscular myxoma (incl. cellular variant)

in autochthonous back muscles, 427, 432
of calf, 427, 429

definition, 426
imaging

computed tomography, 427
magnetic resonance imaging, 427

incidence and clinical behavior, 426–427
with polyostotic fibrous dysplasia, 427, 430, 431
right scapular region, 427, 428

Intratumoral signal void, 625, 629
Intravascular lymphomatosis (IL), 579
Ischemic fasciitis, 252–253

J
Juxta-articular myxoma, 428–430

K
Kaposiform hemangioendothelioma (KHE),  

368–369
Kaposi’s sarcoma (KS), 369–370
Kasabach–Merritt syndrome, 369, 370, 386–387
Kiel Pediatric Tumor Registry, 623
Klippel–Trenaunay syndrome, 387–388
Knuckle pads, 269

L
Leiomyoma, of deep soft tissue

clinical findings, 340
definition, 340
imaging, 341

Leiomyosarcoma
clinical findings, 341–343
cutaneous, 343
deep soft tissue, 342
definition, 341
imaging, 343–345
of inferior vena cava, 343
in left thigh, 344
of right knee, 345
of right thigh, 346
subcutaneous, 342, 343
vascular, 342, 343

Light microscopy role
histology, 119–120
immunohistochemistry, 120–122

Lipoblastoma, 210–211
Lipofibromatosis, 276
Lipoma, 198–200

chondroid, 213–215
intermuscular, 200–203
intramuscular, 200–203
multiple, 203
ossifying, 221
parosteal, 221–225
pleomorphic, 215–217
spindle cell, 215–217
tendon sheath and joint, 221
US finding, 24–27
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Lipoma arborescens, 516–518
Lipomatosis

adiposis dolorosa, 207–208
diffuse, 203
multiple symmetrical, 204–207
of nerve, 208–210
shoulder girdle, 208

Liposarcoma
after resection and radiotherapy of, 645
dedifferentiated, 232
myxoid, 232–237
pleomorphic, 237
well-differentiated, 225–230

Liposarcoma, not otherwise specified, 237
Localised nodular synovitis (LNS)

clinical behaviour and gross findings, 314
differential diagnosis, 320
epidemiology, 312–316
imaging findings

computer tomography, 319
magnetic resonance imaging, 313, 315, 319
radiographs, 313, 316
ultrasound, 316–317, 319

pathology, 315
Localised tenosynovial giant cell tumour (Localised 

TSGCT)
giant cell tumour of the tendon sheath

clinical behaviour and gross findings, 314
differential diagnosis, 320
epidemiology, 312
imaging findings, 315–319
pathology, 314

localised nodular synovitis
clinical behaviour and gross findings, 314
differential diagnosis, 320
epidemiology, 312–316
imaging findings, 313, 315–317, 319
pathology, 315

Localized intravascular coagulopathy, 375
Localized neurofibromas, 405, 406
Locoregional recurrence, 643–646
Locus minoris resistentiae, 497
Long-standing denervation, 563
Low-grade fibromyxoid sarcoma, 295–299
Low-grade myofibroblastic sarcoma, 285–286
Lymphangioleiomyomatosis (LAM), 473–474
Lymphatic malformations (LMs)

diagnosis, 377
macrocystic, 376, 377, 379
magnetic resonance imaging, 379–380
microcystic, 376–379, 381
pathology, 377
ultrasound, 379

Lymphedema, 528

M
Macrocystic lymphatic malformations, 376, 377, 379
Maffucci syndrome, 388

Magnetic resonance imaging (MRI)
adipocytic tumors, 198
contrast-enhanced MRI

fat-suppressed contrast-enhanced T1-weighted 
imaging, 79–81

static vs. dynamic enhanced MRI, 81
subtraction images, 81
T1-weighted imaging, 79

diffusion MRI
clinical applications, 108–109
imaging technique, 106
qualitative, 106
quantitative, 106–107

dynamic contrast-enhanced MRI
clinical applications, 101–105
evaluation and postprocessing  

techniques, 88–101
imaging techniques, 87–88
principles, 85–87

imaging planes, 72
local staging, 71
tissue characteristics, 72
unenhanced MRI

fat-suppressed T1-weighted imaging (FS T1-WI), 
76–77

fluid-sensitive sequences, 77–78
T2* gradient echo imaging, 78–79
T1-weighted imaging (T1-WI), 73–75

Malignant adipocytic tumors, 230–232
dedifferentiated liposarcoma, 232
liposarcoma, not otherwise specified, 237
myxoid liposarcoma, 232–237
pleomorphic liposarcomas, 237

Malignant fibroblastic/myofibroblastic tumors
adult fibrosarcoma, 292–293
low-grade fibromyxoid sarcoma, 295–299
myxofibrosarcoma, 293–295
sclerosing epithelioid fibrosarcoma, 299–302

Malignant fibrous histiocytoma (MFH), 189
Malignant glomus tumor

clinical findings, 352
definition, 352
imaging, 352

Malignant lesions
alveolar soft part sarcoma, 454–458
clear cell myomelanocytic tumor, 473–475
clear cell sarcoma of soft tissue, 458–460
desmoplastic small round cell tumor, 462, 464
epithelioid sarcoma, 451–454
extrarenal rhabdoid tumor, 469–473
extraskeletal myxoid chondrosarcoma, 461
intimal sarcoma, 475–476
malignant mesenchymoma, 461–462
PNET/extraskeletal Ewing’s sarcoma, 462–471
synovial sarcoma, 443–451

Malignant mesenchymoma
definition, 461
imaging, 463
incidence and clinical behavior, 462
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Malignant peripheral nerve sheath tumors (MPNSTs)
clinical presentation, 413
epidemiology, 412
of face, 414, 415
histology, 412
imaging characteristics

magnetic resonance imaging, 414–417
nuclear medicine, 417
plain radiography, 413
ultrasound, 413–414

in left ischiorectal fossa, 414, 416
parapsoas, 414, 415
presacral, 413
topography, 412

Malignant-type tenosynovial giant cell tumour 
(Malignant TSGCT)

clinical behaviour and gross findings, 324
genetics, 324
imaging findings, 324, 327
pathology, 324

Maximum intensity projections (MIP), 514
Mazabraud’s syndrome, 426, 427
McCune–Albright syndrome, 426
Mesenchymal chondrosarcoma (MCS)

of buttock, 612
definition, 608
imaging, 608–610
incidence and clinical behavior, 608
of left pectoralis minor, 612
of right axilla, 611

Metabolic lesions
calcific tendinosis, 556–557, 560
gout and pseudogout, 556, 558, 559
tumoral calcinosis, 557–562

Metabolic MR imaging, 417
Metastases, 646
Metastatic spread, of cancer, 518
Microcystic lymphatic malformations, 376–379, 381
Molecular studies role

diagnosis, 124–125
genetic alterations, 122–124
prognosis, 125
techniques, 124
treatment, 125–126

Monophasic epithelial synovial sarcoma, 445
Monophasic fibrous synovial sarcoma, 445
Morton’s fibroma

definition, 542
elastography, 544
intermetatarsalgia, 543
magnetic resonance imaging, 544
Mulder’s test, 544
treatment, 545
ultrasound, 543

Mucosa-associated lymphoid tissue (MALT) lymphomas, 578
Muscle herniations, 524, 525
Muscle tumors

pericytic (perivascular) tumors
angioleiomyoma, 358–359
glomangiomatosis, 349–352, 356
glomus tumor, 348–349, 355

malignant glomus tumor, 352
myofibroma and myofibromatosis, 355–358
myopericytoma, 354–355

skeletal
extracardiac rhabdomyoma, 345, 347
rhabdomyosarcoma, 345–354

smooth
leiomyoma of deep soft tissue, 340–341
leiomyosarcoma (excluding skin), 341–346

Muscular anomalies, 524
diagnosis of, 525

Muscular cystic echinococcosis
alveolar, 532
of calf, 533
computed tomography, 533
definition, 532
diabetic muscle infarction, 535–536
differential diagnosis, 535
focal myositis, 535
of left thigh, 533, 534
magnetic resonance imaging, 533
in right paravertebral muscles, 533, 534
ultrasonography, 533

Musculoskeletal Tumor Society (MSTS), 146
Mycetoma, 541–543
Mycosis fungoides, 579
Myoepithelioma

definition, 440
imaging, 441, 442
incidence and clinical behavior, 440–441
of left perineal/gluteal region, 442

Myofibromatosis
clinical findings, 355–357
definition, 355
imaging, 357–358
infantile, 355, 357

Myolipoma of soft tissue, 212–213
Myopericytoma

clinical findings, 354
definition, 354
imaging, 354–355

Myositis ossificans, 603
digits, 247–252

Myxofibrosarcoma, 293–295, 648
Myxoid liposarcoma, 232–237
Myxoid perineurioma, 409, 410
Myxoid tumors, 108–109
Myxoinflammatory fibroblastic sarcoma, 286–289
Myxoma, of jaws, 430–434

N
Nasal glial heterotopia (NGH), 412
Necrosis, 331
Necrotic tumors, 108
Necrotizing fasciitis, 527
Nephrotic syndrome, 579
Nerve, lipomatosis of, 208–210
Nerve-related tumorlike lesions, 16–19
Nerve sheath tumors

benign triton tumors, 411
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dermal nerve sheath myxomas, 411
ectopic meningiomas, 412
granular cell tumors, 411
hybrid nerve sheath tumors, 411
malignant peripheral

clinical presentation, 413
epidemiology, 412
histology, 412
imaging characteristics, 413–417
topography, 412

nasal glial heterotopia, 412
neurofibromas

clinical presentation, 406
epidemiology, 405
histology, 405–406
imaging characteristics, 406–408
topography, 405

neurofibromatoses
type 1, 417–418
type 2, 418–419

perineurioma, 408–410
schwannomas

clinical presentation, 395–396
epidemiology, 394
histology, 394–395
imaging characteristics, 396–405
schwannomas, 394
topography, 394

schwannomatosis, 419–420
solitary circumscribed neuromas, 411

Neurofibromas
clinical presentation, 406
epidemiology, 405
histology, 405–406
imaging characteristics

computed tomography, 406–408
magnetic resonance imaging, 408
plain radiography, 406
ultrasound, 406, 407

topography, 405
Neurofibromatoses

type 1, 417–418
type 2, 418–419

Neuroma-in-continuity (NIC). See Traumatic neuroma
Nodular fasciitis, 245–247
Non-Hodgkin’s lymphomas, 578

B-cell, 579, 580
diagnosis, 590
at left upper arm, 581, 584
of quadriceps muscle, 582
sciatic nerve, 584

Noninvoluting congenital hemangioma (NICH), 366–369
Nuchal-type fibroma, 258–261
Nuclear medicine, 417

O
Ossifying fibromyxoid tumor (OFMT), 194

definition, 439
imaging, 440, 441
incidence and clinical behavior, 440

Ossifying lipoma, 221
Osteochondromatosis, secondary, 515
Osteoclastoma. See Giant cell tumour of soft tissue 

(GCT-ST)
Osteolipoma, 221
Osteosarcoma, 596

P
Palmar fibromatosis, 265–266
Para-articular chondroma, 516
Parachordoma

definition, 441–442
imaging, 442
incidence and clinical behavior, 442

Parameniscal cyst, 428–430
Paravaginal aggressive angiomyxoma, 434, 435
Parkes Weber syndrome, 388
Parosteal lipoma, 221–225
Partially involuting congenital hemangioma (PICH), 368
Particular vascular lesions

glomus tumor, 384, 385
synovial hemangioma, 385, 386

Pathology grading and staging
common used grading classifications, 127
staging, 127–128

Pediatric soft tissue tumors
fibromatosis colli, 625
fibrosarcoma, 627
fluid-fluid levels, 625, 629
granuloma annulare, 626
imaging

MR, 630
plain film/CT, 630
roles, 624–625
ultrasound, 625–626

imaging tissue characterization, 630–631
infantile hemangioma, 629
infantile rhabdomyosarcoma, 628
intratumoral signal void, 625, 629
multiplicity, 625, 629
preferential location of, 624
shape, 625, 629
synovial sarcoma, 627

Pelvis syndrome, 386
Percutaneous musculoskeletal biopsy (PMSB), 133
Pericytic (perivascular) tumors

angioleiomyoma, 358–359
glomangiomatosis, 349–352, 356
glomus tumor, 348–349, 355
malignant glomus tumor, 352
myofibroma and myofibromatosis, 355–358
myopericytoma, 354–355
US finding

angioleiomyoma (vascular leiomyoma/
angiomyoma), 21

glomus tumor, 20–21
WHO classification, 191

Perineurioma, 408–410
Peripheral arterial aneurysms, 564
Peripheral mineralisation, 331, 332
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Peripheral nerve sheath tumors (PNSTs), 393, 396
US finding, 16
WHO classification, 193

Peripheral neurogenic tumors
nerve-related tumorlike lesions, 16–19
peripheral nerve sheath tumors, 16
US finding, 14–16

Phosphaturic mesenchymal tumor (PMT), 443, 444
Pigmented villonodular synovitis (PVNS), 11–12, 311, 312

clinical behaviour and gross findings, 320–321
differential diagnosis, 322
epidemiology, 320
imaging findings, 321–322
pathology, 321

Pilomatricoma, 554
US findings, 29

Plain films, 630
Plain radiography

angiography, 47–48
bone involvement, 45–47
location, 42
radiodensity, 43–45
rate of growth, 42
shape and margins, 43
size, 42

Plantar fibromatosis, 266–269
Pleomorphic hyalinizing angiectatic tumor (PHAT)

in calf, 436
definition, 435
in foot, 437
imaging, 436–438
incidence and clinical behavior, 435–436
of proximal upper extremity, 438

Pleomorphic lipoma, 215–217
Pleomorphic liposarcomas, 237
Pleomorphic rhabdomyosarcoma, 348, 350, 352
Plexiform fibrohistiocytic tumour (PFHT)

clinical behaviour and gross findings, 329
differential diagnosis, 330–331
genetics, 329
imaging findings, 330
pathology, 329

Plexiform neurofibromas, 405, 406, 409
Positron emission tomography (PET), 646

characterization and grading, 60–62
evaluation of disease extent, 62–64
recurrence, detection of, 66
response evaluation, 64–65

Posterior fossa malformations, 386
Post-therapy fibrosis, 644
Primitive neuroectodermal tumors (PNET)

central, 462
definition, 462
Ewing’s sarcoma, 465
imaging characteristics

CT, 467
MRI, 467
plain radiography, 466
ultrasound, 466–467

incidence and clinical behavior, 465–466

peripheral, 462, 465
Schmidt’s classification, 465

Proliferative myositis (and fasciitis), 247
Proton nuclear MR spectroscopy, 109
Pseudocapsule, 147
Pseudogout, 556, 558
Pseudohypertrophy, of calf muscles, 563–564
Pseudotumoral lesions

anatomy variations and muscular anomalies, 524–527
inflammatory and infectious lesions

abscess, 528–529
bursitis, 536
cellulitis, 527
diabetic muscle infarction, 535–536
focal myositis, 535
granulomatous disorders, 536–541
lymphedema and lymphangitis, 528
muscular cystic echinococcosis, 532–534
necrotizing fasciitis, 527
pyomyositis, 529–532

metabolic lesions
calcific tendinosis, 556–557, 560
gout and pseudogout, 556, 558, 559
tumoral calcinosis, 557–562

miscellaneous
calf muscles, pseudohypertrophy of, 563–565
elastofibroma dorsi, 564–568
Geyser phenomenon, 565, 566

skin lesions
epidermal inclusion cysts, 555–557
granuloma annulare, 554–555
pilomatricoma, 554

traumatic nerve lesions
calcific myonecrosis, 551, 552
foreign body reactions, 549–551
hematoma and contusion, 545–549
hypothenar hammer syndrome, 551–553
Morton’s fibroma, 542–545
traumatic neuroma, 545

vascular lesions, 562–563
Pulmonary metastasectomy, 646
PVNS. See Pigmented villonodular synovitis (PVNS)
Pyomyositis

in AIDS patients, 531
definition, 529
magnetic resonance imaging, 531
within right upper arm muscles, 532
scintigraphy, 532
stages, 530
Staphylococcus aureus, 530
treatment, 532

R
Radiography. See Plain radiography
Rapidly involuting congenital hemangioma (RICH), 366
Rare sweat gland and duct tumors, nonspecific US 

appearance, 32–33
Rendu–Osler–Weber syndrome, 388
Retroperitoneal extrarenal angiomyolipoma, 474, 475
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Retroperitoneal lymphoma, 587, 589
Reverse transcription polymerase chain reaction 

(RT-PCR), 124
Revised European American Lymphoma (REAL), 578
Rhabdomyolysis, 585
Rhabdomyoma, adult, 345

of forearm, 347
Rhabdomyosarcoma, 623

of adductor region, 354
alveolar, 347–348, 351
clinical findings, 345–348
definition, 345
embryonal, 347, 353
imaging, 348
pleomorphic, 348, 350, 352
spindle cell/sclerosing, 348

Rheumatoid nodule, 33
Round cell sarcomas (RCS), 484

S
Sacral osteomyelitis, 529, 531
Sarcoidosis, 536–538
Schwann cells, 393
Schwannomas

ancient, 395, 400, 403
anteromedial side, of right knee, 400, 401
cellular, 395, 398
of chest, 396, 397
clinical presentation, 395–396
epidemiology, 394
flexor surface, of left lower leg, 403
histology, 394–395
imaging characteristics

computed tomography, 396
magnetic resonance imaging, 396–405
plain radiography, 396
ultrasound, 396

of left intervertebral foramen, 396, 398
melanotic, 395
microcystic, 395
plexiform, 395
of right hand, 396
schwannomas, 394
topography, 394

Schwannomatosis
definite, 420
genetics of, 419
imaging findings, 420
possible, 420
segmental, 420

Sclerosing epithelioid fibrosarcoma, 299–302
SH. See Synovial hemangioma (SH)
Short tau inversion recovery (STIR), 643
Shoulder girdle lipomatosis, 208
Skeletal muscle tumors

extracardiac rhabdomyoma
clinical findings, 345
definition, 345
imaging, 345, 347

rhabdomyosarcoma
clinical findings, 345–348
definition, 345
imaging, 348

WHO classification, 191
Skin lesions

epidermal inclusion cysts, 555–557
granuloma annulare, 554–555
pilomatricoma, 554

Smooth muscle tumors
leiomyoma of deep soft tissue

clinical findings, 340
definition, 340
imaging, 341

leiomyosarcoma (excluding skin)
clinical findings, 341–343
definition, 341
imaging, 343–345

WHO classification, 190–191
Soft tissue chondroma

definition, 604
of finger, 605, 606
imaging, 605
incidence and clinical behavior, 604

Soft tissue lymphoma
classification, 578
clinical manifestations, 579
differential diagnosis, 590
epidemiology, 578
imaging

nuclear medicine and hybrid, 585–587
radiological, 579–585

mucosa-associated lymphoid tissue, 578
non-Hodgkin’s lymphomas, 578
pathogenesis, 578–579
primary, 577
secondary, 577
staging, 587–590

Soft tissue metastases (STM)
biopsy, 597–598
choroid melanoma, 596
clinical features, 594
differential diagnosis, 598
epidemiology, 593–594
imaging diagnosis, 595–597
intramuscular metastases, 595
osteosarcoma, 596
pathophysiological mechanisms, 594
prognosis, 598
treatment, 599

Soft tissue mineralization disorders
dystrophic calcification, 35
ectopic calcifications, 34
ectopic ossification, 34
physiological biomineralization, 34
tumoral calcinosis, 35
US findings, 34–35

Solitary circumscribed neuromas (SCNs), 411
Solitary fibrous tumor, 641, 642
Spinal dysraphism, 386
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Spindle cell lipoma, 215–217
Split-fat sign, 398
Squamous-cell carcinomas, 594
Staging

AJCC/UICC staging system, 145–146
distant metastasis, 149–150
intra-/extracompartmental tumor growth, 149
local staging, 150

after inadequate resection, 154
bone involvement, 151–152
joint invasion, 152–154
neurovascular encasement, 151

lymph node metastasis, 149
MSTS/Enneking staging system, 146
rationale, 145
surveillance and repeat staging, 154–157
tumor depth

deep tumors, 148
superficial tumors, 147

tumor size, 147
Staphylococcus aureus, 527
Static vs. dynamic enhanced MRI, 81
Stewart-Treves syndrome, 370, 372. See also 

Angiosarcoma
Subacromion–subdeltoid bursitis, 513
Superficial leiomyomata, 340. See also Leiomyoma,  

of deep soft tissue
cutaneous, 340
genital, 340

Superficial soft tissue tumors
and tumorlike lesions

basal cell carcinoma, 29
epidermoid cyst, 28–29
fat necrosis, 33–34
fibroblastic/myofibroblastic tumors, 29–32
pilomatricoma, 29
rare sweat gland and duct tumors, nonspecific  

US appearance, 32–33
rheumatoid nodule, 33
soft tissue mineralization disorders, 34–35
synovial sarcoma, 35–36

US finding, 11
Suprapatellar recess, 314
Syndromes associated with vascular lesions

Kasabach–Merritt syndrome, 386–387
Klippel–Trenaunay syndrome, 387–388
Maffucci syndrome, 388
Parkes Weber syndrome, 388
perineal hemangioma, 386
posterior fossa malformations, 386
Rendu–Osler–Weber syndrome, 388
spinal dysraphism, 386

Synovial chondromatosis, 516
Synovial hemangioma (SH), 385, 386, 516
Synovial lesions

benign cystic lesions
arthrosynovial cyst, 496–497
Baker’s cyst, 496
bursa de novo (adventitious bursa), 507–509
clinical manifestations, 509–510

ganglion (cyst), 497–507
imaging, 510–516

lipoma arborescens, 516–518
malignant tumors around the joints

metastatic spread, of cancer, 518
synovial sarcoma, 518

para-articular chondroma, 516
synovial chondromatosis and synovial 

chondrosarcoma, 516
synovial hemangioma, 516
synovial membrane, 495

Synovial osteochondromatosis (SC)
definition, 605–606
of elbow, 606, 610
of hip, 606, 608
imaging, 606–608
incidence and clinical behavior, 606
intra-articular, 606, 609
primary, 605, 608
secondary, 605, 608
ultrasound, 606–608
US findings, 11

Synovial sarcoma, 518, 627
age distribution, 443, 445
within ankle joint, 448, 451
of back, 446, 447
biphasic, 445
definition, 443
detection of tumor recurrence, 448–451
of foot, 447, 448
imaging, 446–448
incidence and clinical behavior, 443–445
of knee, 447, 450
localization of, 445
medial side of ankle, 449
medial to femur with central necrosis, 638–640
monophasic epithelial, 445
monophasic fibrous, 445
pathology, 445–446
prognosis, 448–451
recurrent, 452
treatment, 448–451
US findings, 35–36

T
Tail sign, 397
Target sign, 398
Technetium-99 m-labeled nuclear scan, 597
Tendon sheath and joint lipoma, 221
Tenosynovial giant cell tumour (TSGCT), 11–12

diffuse-type
clinical behaviour and gross findings, 320–321
differential diagnosis, 322–323
epidemiology, 320
genetics, 321
imaging findings, 321–322
pathology, 321

localised type
clinical behaviour and gross findings, 314
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differential diagnosis, 320
epidemiology, 312–314
imaging findings, 315–319, 323–326
pathology, 314–315

malignant-type
clinical behaviour and gross findings, 324
genetics, 324
imaging findings, 324, 327
pathology, 324

T2* gradient echo imaging, 78–79
Thoracic intimal sarcoma, 475
Tissue sampling

adequate, 116
fixation, 118
treatment, fresh material, 116–117

Tissue-specific diagnosis
imaging parameters

computed tomography, 166
diagnostic groups of STT, 174, 175
fluid-fluid levels, 174
intratumoral signal void, 177
lesion, 172
magnetic resonance imaging, 170
morphology, 172, 173
plain films, 166
ultrasound, 166

nonimaging parameters
concomitant diseases, 166, 173
location, 165, 169–170
multiplicity/bilateral lesions, 166
patient’s age, 165
relative prevalence, 165

Traumatic nerve lesions
calcific myonecrosis, 551, 552
foreign body reactions, 549–551
hematoma and contusion, 545–549
hypothenar hammer syndrome, 551–553
Morton’s fibroma, 542–545
traumatic neuroma, 545, 546

Traumatic neuroma, 545–546
Tuberculous osteomyelitis, 536, 537
Tumoral calcinosis

computed tomography, 562
definition, 557
diagnosis, 562
laboratory analysis, 560
magnetic resonance imaging, 562
pathogenesis, 557
radiography, 560
radionuclide bone scans, 560
sites, 560
soft tissue mineralization disorders, 35
treatment, 562
ultrasound, 560–562

Tumor bank, 118–119
Tumor necrosis, 596
Tumors of uncertain differentiation

benign lesions
acral fibromyxoma, 428
deep (“aggressive”) angiomyxoma, 434–435

ectopic hamartomatous thymoma, 436–437
intramuscular myxoma (incl. cellular variant), 

426–428
juxta-articular myxoma, 428–430
myxoma, of Jaws, 430–434
pleomorphic hyalinizing angiectatic tumor, 

435–436
classification, 426
intermediate tumors (locally aggressive)

hemosiderotic fibrolipomatous tumor, 437
intermediate tumors (rarely metastasizing)

angiomatoid fibrous histiocytoma, 439, 440
atypical fibroxanthoma, 437–439
mixed tumor, 440, 441
ossifying fibromyxoid tumor, 439–441
phosphaturic mesenchymal tumor, 443, 444

malignant lesions
alveolar soft part sarcoma, 454–458
clear cell myomelanocytic tumor, 473–475
clear cell sarcoma of soft tissue, 458–460
desmoplastic small round cell tumor, 462, 464
epithelioid sarcoma, 451–454
extrarenal rhabdoid tumor, 469–473
extraskeletal myxoid chondrosarcoma, 461
intimal sarcoma, 475–476
malignant mesenchymoma, 461–462
PNET/extraskeletal Ewing’s sarcoma,  

462–471
synovial sarcoma, 443–451

WHO classification, 193–194
T1-weighted imaging (T1-WI)

contrast-enhanced MRI, 79
unenhanced MRI, 73–75

U
Ultrasound (US)

articular and synovial sheath masses
amyloidosis, 12–14
synovial osteochondromatosis/synovial 

chondromatosis, 11
tenosynovial giant cell tumor, 11–12

characteristics, 5–11
ganglion cyst, 27–28
lipoma, 24–27
pericytic (perivascular) tumors

angioleiomyoma (vascular leiomyoma/
angiomyoma), 21

glomus tumor, 20–21
peripheral neurogenic tumors, 14–16

nerve-related tumorlike lesions, 16–19
peripheral nerve sheath tumors, 16

principles, 4
superficial soft tissue tumors, 11
superficial soft tissue tumors and tumorlike lesions

basal cell carcinoma, 29
epidermoid cyst, 28–29
fat necrosis, 33–34
fibroblastic/myofibroblastic tumors, 29–32
pilomatricoma, 29
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Ultrasound (US) (cont.)
rare sweat gland and duct tumors, nonspecific  

US appearance, 32–33
rheumatoid nodule, 33
soft tissue mineralization disorders, 34–35
synovial sarcoma, 35–36

tumorlike lesions, 11
vascular tumors, 21–24

Undifferentiated pleomorphic sarcoma (UPS), 328, 483
of knee, 488, 489
of thigh, 486, 487

Undifferentiated/unclassified sarcoma
clinical behaviour and gross findings, 485
differential diagnosis, 490
epidemiology, 484–485
epithelioid sarcoma, 483, 484
genetics, 485
imaging findings, 486–489
intralesional haemorrhage, 486, 489
pathology, 485
pleomorphic sarcoma, 483
round cell morphology, 483
spindle cell sarcoma, 483
of thigh, 486, 488
WHO classification, 194–195

Unenhanced MRI
fat-suppressed T1-weighted imaging (FS T1-WI), 

76–77
fluid-sensitive sequences, 77–78
T2* gradient echo imaging, 78–79
T1-weighted imaging (T1-WI), 73–75

Union Internationale Contre le Cancer (UICC), 146

V
Varicositas, in pregnant women, 563, 564
Vascular lesions, 562–563
Vascular malformations

arteriovenous, 381–384
capillary, 381
lymphatic, 376–381
venous, 371–379

Vascular tumors
angioleiomyoma (vascular leiomyoma /

angiomyoma), 21–24
benign

congenital hemangioma, 366–369
epithelioid hemangioma, 368
infantile hemangioma, 365–368

intermediate and malignant vascular tumors
angiosarcoma, 370, 371
epithelioid hemangioendothelioma, 370

kaposiform hemangioendothelioma, 368–369
Kaposi’s sarcoma, 369–370

ISSVA classification, 364–365
malformations

arteriovenous, 381–384
capillary, 381
lymphatic, 376–381
venous, 371–379

particular vascular lesions
glomus tumor, 384, 385
synovial hemangioma, 385, 386

syndromes associated with vascular lesions
Kasabach–Merritt syndrome, 386–387
Klippel–Trenaunay syndrome, 387–388
Maffucci syndrome, 388
Parkes Weber syndrome, 388
perineal hemangioma, 386
posterior fossa malformations, 386
Rendu–Osler–Weber syndrome, 388
spinal dysraphism, 386

WHO classification, 191–192, 364
Vastly undersampled isotropic projection  

reconstruction (VIPR), 514
Venous malformations (VMs)

definition, 371
diffuse and infiltrative, 375, 379
with fluid-fluid level, 374, 375
intramuscular, 373, 374, 376
of left plantar region, 371, 373
magnetic resonance imaging, 373
pathology, 371
subcutaneaous, 374, 375
symptoms, 371
ultrasound, 373

W
World Health Organization (WHO) classification, 340, 364

adipocytic tumors, 188
chondro-osseous tumors, 192–193
fibroblastic/myofibroblastic tumors, 188–189
fibrohistiocytic tumors, 189–190
gastrointestinal stromal tumors, 193
pericytic (perivascular) tumors, 191
peripheral nerve sheath tumors, 193
skeletal muscle tumors, 191
smooth muscle tumors, 190–191
of tumors 2013, 126
tumors of uncertain differentiation, 193–194
undifferentiated/unclassified sarcoma, 194–195
vascular tumors, 191–192
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